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Three of us met on the obstetrics service at The New York Hospital and Cornell University 
Medical College in 1968. Two of us (J.R.N. and J.L.S.) were residents, and one (S.G.G.) 
was a medical student. We became friends, and, as our careers moved ahead, we continued 
to see each other at national meetings. About 35 years ago, at one of these conferences, we 
were approached by Lynne Herndon, then with Churchill Livingstone, and asked if  we 
would like to collaborate on a new obstetrics book. We were honored to be asked.

We believed a new book was needed and thought that our different areas of interest would 
complement each other. We decided to prepare a multiple-author textbook, inviting our 
friends and colleagues to join us. The book was targeted to residents and fellows in training. 
Of course, we were all in different cities, and this was before the internet, word processors, 
or fax, so preparing a book like this was a challenge. Yes, it was much more work than 
we imagined, but it was exciting to read each new chapter and watch the book come 
together. We were then, and we remain today, extremely thankful to our authors for their 
outstanding state-of-the-art contributions. Although it has been challenging to keep up 
with the rapid advances in our field, our authors, including many who have written 
chapters in every edition, made sure we did.

The first edition of the book was very well received. We were honored by this response and 
so pleased that the publisher encouraged us to do a second edition, and we accepted. Then 
a third, a fourth, a fifth, and a sixth followed in the next three decades. Over the years, we 
invited an outstanding group of editors to join us, and we have had great support from our 
publishers, now Elsevier.

This seventh edition is the last we will edit. Although we all continue to see patients and 
teach, we believe the time has come to pass the baton to our colleagues, Dr. Landon,
Dr. Galan, Dr. Jauniaux, Dr. Driscoll, Dr. Berghella, and Dr. Grobman. Because Obstetrics: 
Normal and Problem Pregnancies has been the single most important contribution of our 
professional careers, we are honored they have decided to dedicate this edition to us.
We thank them very much, and we thank you, our readers, for your loyalty and support 
over the years.

Steven G. Gabbe, MD 
Jennifer R. Niebyl, MD 
Joe Leigh Simpson, MD

Joe Leigh Simpson, Jennifer R. Niebyl, and Steven G. Gabbe 
(photograph courtesy Kevin Fitzsimons)

ak
us

he
r-li

b.r
u



Contributors

Kjersti Aagaard, MD, PhD, MSCI
Associate Professor
Department of Obstetrics and Gynecology 
Baylor College of Medicine 
Houston, Texas

Kristina M. Adams Waldorf, MD
Associate Professor
Department of Obstetrics and Gynecology 
University of Washington 
Seattle, Washington

Margaret Altemus, MD
Associate Professor 
Department of Psychiatry 
Yale University School of Medicine 
New Haven, Connecticut

George J. Annas, JD, MPH
Professor and Chair
Department of Health Law, Bioethics &  Human Rights 
Boston University School of Public Health 
Boston, Massachusetts

Kathleen M. Antony, MD, MSCI
Department of Obstetrics and Gynecology 
University of Wisconsin School of Medicine and Public 

Health 
Madison, Wisconsin

Jennifer L. Bailit, MD, MPH
Clinical Director 
Family Care Service Line 
Metrohealth Medical Center 
Cleveland, Ohio

Ahm et Alexander Baschat, MD
Director
Johns Hopkins Center for Fetal Therapy 
Department of Gynecology and Obstetrics 
Johns Hopkins Hospital 
Baltimore, Maryland

Vincenzo Berghella, MD
Professor
Department of Obstetrics and Gynecology 
Director
Maternal-Fetal Medicine
Jefferson Medical College o f Thomas Jefferson University 
Philadelphia, Pennsylvania

Helene B. Bernstein, MD, PhD
Director, Division of Maternal-Fetal Medicine 
Departments of Obstetrics and Gynecology, Microbiology, and 

Immunology 
SUNY Upstate Medical University 
Syracuse, New York

Amar Bhide, MD
Consultant in Fetal Medicine 
Fetal Medicine Unit 
St. George’s Hospital 
London, United Kingdom

M eredith Birsner, MD
Assistant Professor
Department of Maternal-Fetal Medicine 
Thomas Jefferson University 
Philadelphia, Pennsylvania

Debra L. Bogen, MD
Associate Professor of Pediatrics
Department of Psychiatry and Clinical and Translational 

Sciences
University of Pittsburgh School of Medicine 
Division of General Academic Pediatrics 
Children’s Hospital of Pittsburgh of UPMC 
Pittsburgh, Pennsylvania

D. Ware Branch, MD
Professor
Department of Obstetrics and Gynecology 
University of Utah School of Medicine 
Salt Lake City, Utah

Gerald G. Briggs, AB, BPharm
Clinical Professor of Pharmacy 
University of California-San Francisco 
San Francisco, California;
Adjunct Professor of Pharmacy Practice 
University of Southern California-Los Angeles 
Los Angeles, California;
Adjunct Professor 
Department of Pharmacotherapy 
Washington State University 
Spokane, Washington

Haywood L. Brown, MD
Professor and Chair
Department of Obstetrics and Gynecology 
Duke University 
Durham, North Carolina

ak
us

he
r-li

b.r
u



viii Contributors

Brenda A. Bucklin, MD
Professor of Anesthesiology and Assistant Dean 
Clinical Core Curriculum 
Department of Anesthesiology 
University of Colorado School of Medicine 
Denver, Colorado

Graham J. Burton, MD, DSc
Centre for Trophoblast Research 
Physiology, Development and Neuroscience 
University of Cambridge 
Cambridge, United Kingdom

Mitchell S. Capped, MD, PhD
Chief
Division of Gastroenterology and Hepatology 
W illiam  Beaumont Hospital;
Professor of Medicine
Oakland University W illiam  Beaumont School of Medicine 
Royal Oak, Michigan

Jeanette R. Carpenter, MD
Department of Maternal-Fetal Medicine 
Obstetric Medical Group of the Mountain States 
Salt Lake City, Utah

Patrick M. Catalano, MD
Dierker-Biscotti Women’s Health and Wellness Professor 
Director, Center for Reproductive Health at MetroHealth 
Director, C linical Research Unit of the Case Western Reserve 

University CTSC at MetroHealth 
Professor of Reproductive Biology
MetroHealth Medical Center/Case Western Reserve University 
Cleveland, Ohio

Suchitra Chandrasekaran, MD, MSCE
Assistant Professor
Department of Obstetrics and Gynecology 
University of Washington 
Seattle, Washington

David F. Colombo, MD
Department of Obstetrics, Gynecology, and Reproductive 

Biology 
Spectrum Health 
College of Human Medicine 
Michigan State University 
Grand Rapids, Michigan

Larry J. Copeland, MD
Professor
Department of Obstetrics and Gynecology 
The Ohio State University 
Columbus, Ohio

Jason Deen, MD
Assistant Professor of Pediatrics
Adjunct Assistant Professor of Medicine
Division of Cardiology
Seattle Children’s Hospital
University of Washington Medical Center
Seattle, Washington

COL Shad H. Deering, MD
Chair, Department of Obstetrics and Gynecology 
Assistant Dean for Simulation Education 
F. Edward Hebert School of Medicine 
Uniformed Services University of the Health Sciences 
Chair, Army Central Simulation Committee 
Bethesda, Maryland

Mina Desai, MSc, PhD
Associate Professor
Department of Obstetrics and Gynecology 
David Geffen School of Medicine at Harbor-UCLA Medical 

Center 
Los Angeles, California

Gary A. Dildy III, MD
Professor and Vice Chair of Quality and Patient Safety 
Director, Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Baylor College of Medicine;
Chief Quality Officer, Obstetrics and Gynecology 
Service Chief, Maternal-Fetal Medicine 
Texas Children’s Hospital 
Houston, Texas

M itchell P. Dombrowski, MD
Professor and Chief
Department of Obstetrics and Gynecology 
St. John Hospital 
Detroit, Michigan

Deborah A. Driscoll, MD
Luigi Mastroianni Professor and Chair
Department of Obstetrics and Gynecology
Perelman School of Medicine at the University of Pennsylvania
Philadelphia, Pennsylvania

Maurice L. Druzin, MD
Professor and Vice Chair 
Department of Obstetrics and Gynecology 
Stanford University School of Medicine 
Stanford, California

Patrick Duff, MD
Professor
Associate Dean for Student Affairs 
Department of Obstetrics and Gynecology 
University of Florida 
Gainesville, Florida

Thomas Easterling, MD
Professor
Department of Obstetrics and Gynecology 
University of Washington 
Seattle, Washington

Sherman Elias, MDT
John J. Sciarra Professor and Chair 
Department of Obstetrics and Gynecology 
Feinberg School of Medicine 
Northwestern University 
Chicago, Illinois

ak
us

he
r-li

b.r
u



Contributors

M. Gore Ervin, PhD
Professor of Biology
M iddle Tennessee State University
Murfreesboro, Tennessee

Michael R. Foley, MD
Chairman
Department of Obstetrics and Gynecology 
Banner University Medical Center 
Professor
University of Arizona College of Medicine 
Phoenix, Arizona

Karrie E. Francois, MD
Perinatal Medical Director 
Obstetrics and Gynecology 
HonorHealth 
Scottsdale, Arizona

Steven G. Gabbe, MD
Emeritus Chief Executive Officer
The Ohio State University Wexner Medical Center
Professor of Obstetrics and Gynecology
The Ohio State University College of Medicine
Columbus, Ohio

Henry L. Galan, MD
Professor
Department of Obstetrics and Gynecology 
University of Colorado School of Medicine;
Co-Director
Colorado Fetal Care Center
Colorado Institute for Maternal and Fetal Health
Aurora, Colorado

Etoi Garrison, MD, PhD
Associate Professor, Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Vanderbilt Medical Center 
Nashville, Tennessee

Elizabeth E. Gerard, MD
Associate Professor 
Department of Neurology 
Northwestern University 
Chicago, Illinois

Robert Gherman, MD
Associate Director
Prenatal Diagnostic Center and Antepartum Testing Unit 
Division of Maternal-Fetal Medicine 
Franklin Square Medical Center 
Baltimore, Maryland

William M. Gilbert, MD
Regional Medical Director 
Women’s Services
Department of Obstetrics and Gynecology 
Sutter Medical Center Sacramento;
Clinical Professor
Department of Obstetrics and Gynecology 
University of California-Davis 
Sacramento, California

Laura Goetzl, MD, MPH
Professor and Vice Chair
Department of Obstetrics and Gynecology
Temple University
Philadelphia, Pennsylvania

Bernard Gonik, MD
Professor and Fann Srere Endowed Chair of Perinatal 

Medicine
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
Wayne State University School of Medicine 
Detroit, Michigan

Mara B. Greenberg, MD
Director of Inpatient Perinatology 
Obstetrics and Gynecology 
Kaiser Permanente Northern California 
Oakland Medical Center 
Oakland, California

Kimberly D. Gregory, MD, MPH
Vice Chair
Women’s Healthcare Quality &  Performance Improvement 
Department of Obstetrics and Gynecology 
Cedars Sinai Medical Center 
Los Angeles, California

William A. Grobman, MD, MBA
Arthur Hale Curtis Professor 
Department of Obstetrics and Gynecology 
The Center for Healthcare Studies 
Feinberg School of Medicine 
Northwestern University 
Chicago, Illinois

Lisa Hark, PhD, RD
Director
Department of Research 
Wills Eye Hospital 
Philadelphia, Pennsylvania

Joy L. Hawkins, MD
Professor
Department of Anesthesiology 
University of Colorado School of Medicine 
Aurora, Colorado

ak
us

he
r-li

b.r
u



Contributors

Wolfgang Holzgreve, MD, MBA
Professor of Obstetrics and Gynaecology 
Medical Director and CEO 
University Hospital Bonn 
Bonn, Germany

Jay D. lams, MD
OB Lead
Ohio Perinatal Quality Collaborative 
Emeritus Professor of Obstetrics and Gynecology 
The Ohio State University 
Columbus, Ohio

Michelle M. Isley, MD, MPH
Assistant Professor
Department of Obstetrics and Gynecology 
The Ohio State University 
Columbus, Ohio

Eric R.M. Jauniaux, MD, PhD
Professor of Obstetrics and Fetal Medicine 
Institute for Women’s Health 
University College London 
London, United Kingdom

Vern L. Katz, MD
Clinical Professor
Department of Obstetrics and Gynecology 
Oregon Health Science University 
Eugene, Oregon

Sarah Kilpatrick, MD, PhD
Head and Vice Dean
Department of Obstetrics and Gynecology 
Director
Division of Maternal-Fetal Medicine 
University of Minnesota 
Minneapolis, Minnesota

George Kroumpouzos, MD, PhD
Clinical Associate Professor 
Department of Dermatology 
Alpert Medical School of Brown University 
Providence, Rhode Island

Daniel V. Landers, MD
Professor and Vice Chair
Department of Obstetrics, Gynecology, and Women’s Health 
University of Minnesota 
Minneapolis, Minnesota

Mark B. Landon, MD
Richard L. M eiling Professor and Chair 
Department of Obstetrics and Gynecology 
The Ohio State University College of Medicine 
Columbus, Ohio

Susan M. Lanni, MD
Associate Professor of OBGYN and Maternal-Fetal Medicine 
Director, Labor and Delivery 
Virginia Commonwealth University 
Richmond, Virginia

Gwyneth Lewis, OBE, MBBS, DSc, MPH
Leader
International Women’s Health Research 
Institute for Women’s Health 
University College London 
London, United Kingdom

Charles J. Lockwood, MD, MHCM
Dean, Morsani College of Medicine 
Senior Vice President 
USF Health
Professor of Obstetrics & Gynecology and Public Health 
University of South Florida 
Tampa, Florida

Jack Ludmir, MD
Professor
Department of Obstetrics and Gynecology
Perelman School of Medicine at the University of Pennsyl
Philadelphia, Pennsylvania

A. Dhanya Mackeen, MD, MPH
Clinical Assistant Professor 
Temple University School of Medicine 
Department of Obstetrics, Gynecology, and Reproductive 

Services 
Director of Research 
Division of Maternal-Fetal Medicine 
Geisinger Health System 
Danville, Pennsylvania

George A. Macones, MD, MSCE
Professor and Chair
Department of Obstetrics and Gynecology 
Washington University in St. Louis School of Medicine 
St. Louis, Missouri

Brian M. Mercer, MD
Professor and Chairman
Department of Reproductive Biology
Case Western Reserve University—MetroHealth Campus
Chairman, Department of Obstetrics and Gynecology
Director, Women’s Center
MetroHealth Medical Center
Cleveland, Ohio

Jorge H. Mestman, MD
Professor
Departments of Medicine and Obstetrics & Gynecology 
Keck School of Medicine of the University of Southern 

California 
Los Angeles, California

David Arthur M iller, MD
Professor of Obstetrics, Gynecology, and Pediatrics 
Keck School of Medicine of the University of Southern 

California 
Children’s Hospital of Los Angeles 
Los Angeles, California

ak
us

he
r-li

b.r
u



Contributors xi

Emily S. Miller, MD, MPH
Assistant Professor
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
Feinberg School of Medicine 
Northwestern University 
Chicago, Illinois

Dawn Misra, MHS, PhD
Professor and Associate Chair for Research 
Department of Family Medicine &  Public Health Sciences 
Wayne State University School of Medicine 
Detroit, M ichigan

Kenneth J. Moise Jr, MD
Professor of Obstetrics, Gynecology, and Reproductive 

Sciences and Pediatric Surgery 
Director
Fetal Intervention Fellowship 
UTHealth School of Medicine at Houston;
Co-Director 
The Fetal Center
Children’s Memorial Hermann Hospital 
Houston, Texas

Mark E. M olitch, MD
Martha Leland Sherwin Professor of Endocrinology 
Division of Endocrinology, Metabolism, and Molecular 

Medicine
Northwestern University Feinberg School of Medicine 
Chicago, Illinois

Chelsea M orroni, MBChB, DTM&H, DFSRH, Mphil, MPH, 
PhD
Clinical Lecturer
EGA Institute for Women’s Health and Institute for Global 

Health
University College London 
London, United Kingdom;
Senior Researcher
W its Reproductive Health and HIV Institute (Wits RHI) 
University of the Witwatersrand 
Johannesburg, South Africa

Roger B. Newman, MD
Professor and Maas Chair for Reproductive Sciences 
Department of Obstetrics and Gynecology 
Medical University of South Carolina 
Charleston, South Carolina

Edward R. Newton, MD
Professor
Department of Obstetrics and Gynecology 
Brody School of Medicine 
Greenville, North Carolina

Jennifer R. Niebyl, MD
Professor
Department of Obstetrics and Gynecology 
University of Iowa Hospitals and Clinics 
Iowa City, Iowa

COL Peter E. Nielsen, MD
Commander
General Leonard Wood Army Community Hospital 
MFM Division Director 
Obstetrics and Gynecology 
Fort Leonard Wood, Missouri

Jessica L. Nyholm, MD
Assistant Professor
Department of Obstetrics, Gynecology and Women’s Health 
University of Minnesota 
Minneapolis, Minnesota

Lucas Otano, MD, PhD
Head, Division of Obstetrics and Fetal Medicine Unit 
Department of Obstetrics and Gynecology 
Hospital Italiano de Buenos Aires 
Buenos Aires, Argentina

John Owen, MD, MSPH
Professor
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
University of Alabama at Birmingham 
Birmingham, Alabama

Teri B. Pearlstein, MD
Associate Professor of Psychiatry and Human Behavior and 

Medicine
Alpert Medical School of Brown University;
Director
Women’s Behavioral Medicine
Women’s Medicine Collaborative, a Lifespan Partner 
Providence, Rhode Island

Christian M. Pettker, MD
Associate Professor
Department of Obstetrics, Gynecology, and Reproductive 

Sciences
Yale University School of Medicine 
New Haven, Connecticut

Diana A. Racusin, MD
Maternal Fetal Medicine Fellow 
Department of Obstetrics and Gynecology 
Baylor College of Medicine 
Houston, Texas

Kirk D. Ramin, MD
Professor
Department of Obstetrics, Gynecology, and Women’s Health 
University of Minnesota 
Minneapolis, Minnesota

Diana E. Ramos, MD, MPH
Director
Reproductive Health
Los Angeles County Public Health;
Adjunct Assistant Clinical Professor
Keck University of Southern California School of Medicine 
Los Angeles, California

ak
us

he
r-li

b.r
u



XII Contributors

Roxane Rampersad, MD
Associate Professor
Department of Obstetrics and Gynecology 
Washington University in St. Louis School of Medicine 
St. Louis, Missouri

Leslie Regan, MD, DSc
Chair and Head
Department of Obstetrics and Gynaecology at St. M ary’s 

Campus 
Imperial College;
Vice President, Royal College of Obstetricians & 

Gynaecologists 
Chair, FIGO Women’s Sexual & Reproductive Rights 

Committee
Chair, National Confidential Enquiry into Patient Outcome 

and Death 
London, United Kingdom

Douglas S. Richards, MD
Clinical Professor
Division of Maternal-Fetal Medicine 
Intermountain Medical Center 
Murray, Utah;
Clinical Professor
Division of Maternal-Fetal Medicine 
University of Utah School of Medicine 
Salt Lake City, Utah

Roberto Romero, MD, DMedSci
Chief, Program for Perinatal Research and Obstetrics 
Division of Intramural Research
Eunice Kennedy Shriver National Institute of Child Health 

and Human Development 
Perinatology Research Branch 
National Institutes of Health 
Bethesda, Maryland;
Professor, Department of Obstetrics and Gynecology 
University of Michigan 
Ann Arbor, Michigan;
Professor, Department of Epidemiology and Biostatistics 
Michigan State University 
East Lansing, Michigan

Adam A. Rosenberg, MD
Professor
Department of Pediatrics 
Children’s Hospital of Colorado 
University of Colorado School of Medicine 
Aurora, Colorado

Michael G. Ross, MD, MPH
Distinguished Professor 
Department of Obstetrics and Gynecology 
David Geffen School of Medicine at Harbor-UCLA Medical 

Center;
Distinguished Professor 
Community Health Sciences 
Fielding School of Public Health at UCLA 
Los Angeles, California

Paul J. Rozance, MD
Associate Professor
Department of Pediatrics
University of Colorado School of Medicine
Aurora, Colorado

Ritu Salani, MD, MBA
Associate Professor
Department of Obstetrics and Gynecology 
The Ohio State University 
Columbus, Ohio

Philip Samuels, MD
Professor
Residency Program Director
Department of Obstetrics and Gynecology, Maternal-Fetal 

Medicine
The Ohio State University Wexner Medical Center 
Columbus, Ohio

Nadav Schwartz, MD
Assistant Professor
Department of Obstetrics and Gynecology
Perelman School of Medicine at the University of Pennsylvania
Philadelphia, Pennsylvania

Lili Sheibani, MD
Peter E. Nielsen, MD, Clinical Instructor 
Obstetrics and Gynecology 
University of California—Irvine 
Orange, California

Baha M. Sibai, MD
Director
Maternal-Fetal Medicine Fellowship Program 
Department of Obstetrics, Gynecology and Reproductive 

Sciences
University of Texas Medical School at Houston 
Houston, Texas

Colin P. Sibley, PhD, DSc
Professor of Child Health and Physiology 
Maternal and Fetal Health Research Centre 
University of Manchester 
Manchester, United Kingdom

Hyagriv IM. Simhan, MD
Professor and Chief
Division of Maternal-Fetal Medicine
Executive Vice Chair
Obstetrical Services Department
University of Pittsburgh School of Medicine;
Medical Director of Obstetric Services 
Magee-Women’s Hospital of UPM C 
Pittsburgh, Pennsylvania

ak
us

he
r-li

b.r
u



Contributors xiii

Joe Leigh Simpson, MD
Senior Vice President for Research and Global Programs 
March of Dimes Foundation 
W hite Plains, New York;
Professor of Obstetrics and Gynecology 
Professor of Human and Molecular Genetics 
Herbert Wertheim College of Medicine 
Florida International University 
M iam i, Florida

Dorothy K.Y. Sit, MD
Department of Psychiatry 
University of Pittsburgh Medical Center 
Pittsburgh, Pennsylvania

Karen Stout, MD
Director
Adult Congenital Heart Disease Program 
Department of Internal Medicine 
Division of Cardiology 
University of Washington;
Professor of Internal Medicine/Pediatrics 
Department of Pediatrics 
Division of Cardiology 
Seattle Childrens Hospital 
Seattle, Washington

Dace S. Svikis, PhD
Professor
Department of Psychology 
Institute for Women’s Health 
Virginia Commonwealth University 
Richmond, Virginia

Elizabeth Ramsey Unal, MD, MSCR
Assistant Professor
Department of Obstetrics and Gynecology 
Division of Maternal-Fetal Medicine 
Southern Illinois University School of Medicine 
Springfield, Illinois

Annie R. Wang, MD
Department of Dermatology
Alpert Medical School of Brown University
Providence, Rhode Island

Robert J. Weber, MS, PharmD
Administrator 
Pharmacy Services 
Assistant Dean 
College of Pharmacy
The Ohio State University Wexner Medical Center 
Columbus, Ohio

Elizabeth Horvitz West, MD
Resident Physician
Department of Obstetrics and Gynecology 
University of California-Irvine 
Irvine, California

Janice E. W hitty, MD
Professor and Director of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Meharry Medical College 
Nashville, Tennessee

Deborah A. Wing, MD, MBA
Professor
Department of Obstetrics and Gynecology 
University of California-Irvine 
Orange, California

Katherine L. Wisner, MD
Asher Professor of Psychiatry and Obstetrics and Gynecology 
Director
Asher Center for Research and Treatment of Depressive 

Disorders 
Department of Psychiatry 
Feinberg School of Medicine 
Northwestern University 
Chicago, Illinois

Jason D. W right, MD
Sol Goldman Associate Professor 
Chief, Division of Gynecologic Oncology 
Department of Obstetrics and Gynecology 
Columbia University College of Physicians and Surgeons 
New York, New York

ak
us

he
r-li

b.r
u



Preface

The seventh edition of Obstetrics: Normal and Problem Pregnan
cies is being delivered to you prematurely! Do we have your 
attention? Good. We don’t mean the book is incomplete. In fact, 
this edition may have more new information than any we’ve 
done before, which is why it is being published just 4 years since 
the sixth edition, rather than on our usual 5-year cycle. We want 
to be sure our readers have access to the best, most advanced 
resource to guide them as they learn and practice obstetrics 
today. We were able to accomplish this accelerated process 
thanks to the hard work of our editors, our contributing authors, 
and our publisher, Elsevier.

As we have done in the past, we surveyed our readers and 
leaders in the field to assess content that needed to be added 
and revised. You will find four new chapters in the seventh 
edition: “Vaginal Birth After Cesarean Delivery,” “Placenta 
Accreta,’’ “Obesity in Pregnancy,” and “Improving Global 
Maternal Health: Challenges and Opportunities.” The first three 
topics have become more important in our day-to-day obstetric 
practice, and the chapter on global maternal health is a “must 
read” for anyone providing obstetric care abroad. In addition to 
the two appendices on normal values in pregnancy and the 
anatomy of the pelvis, we have added a third— a glossary of the 
most frequently used key abbreviations— for easy reference.

We also welcome two new editors to the seventh edition: Drs. 
Vincenzo Berghella and W illiam  Grobman, both recognized 
leaders in our field who have authored chapters in past editions. 
We again thank our chapter authors for their outstanding con
tributions. We welcome nearly 30 new authors, and we recog
nize six who have written chapters in every edition: Drs. George 
J. Annas, D. Ware Branch, M ark B. Landon, Adam A. Rosen
berg, Philip Samuels, and Baha Sibai. During this past year, we 
lost a beloved friend and colleague, Sherman Elias, who had 
coauthored the chapter on legal and ethical issues in obstetric 
practice with Dr. Annas for the first six editions. Sherman is and 
will continue to be missed by so many of us.

Readers will find that we have expanded the use of bolded 
statements and key points to enhance mastery of each chapter. 
Our chapter on obstetric ultrasound now contains more than 
100 images (in print and online), providing an important 
resource for normal and abnormal fetal anatomy. Our seventh 
edition’s online features include an exciting new resource: videos 
to accompany several chapters to enhance learning in areas such 
as cesarean delivery and operative vaginal delivery.

The seventh edition would not have been possible without 
outstanding support from our publisher, Elsevier, and its expert 
and dedicated team, Lucia Gunzel, Kate Dimock, and Carrie 
Stetz, as well as members of our own staff who have provided 
invaluable editorial and secretarial assistance, including Kenzie 
Palsgrove and Susan DuPont (Columbus, Ohio), Nancy 
Schaapveld (Iowa City), and Lisa Prevel (New York).

As noted on the dedication page, this will be the last edition 
three of us (S.G.G., J.R .N ., J.L.S.) will edit. It has been a privi
lege for us to contribute to this book over the last four decades. 
We are confident our coeditors will make the book even better, 
and we wish them great success.

Whether our readers are beginning their careers or have had 
many years of clinical experience, we hope they will find the 
seventh edition of this textbook to be a valuable and supportive 
resource in today’s challenging health care climate. And, we hope 
they appreciate its earlier arrival!

Steven G. Gabbe, MD 
Jennifer R. Niebyl, MD 
Joe Leigh Simpson, MD 

Mark B. Landon, MD 
Henry L. Galan, MD 

Eric R.M. Jauniaux, MD, PhD 
Deborah A. Driscoll, MD 
Vincenzo Berghella, MD 

W illiam  A. Grobman, MD, MBA
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KEY ABBREVIATIO NS
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Adenosine triphosphate ATP Luteinizing horm one LH
Alpha-fetoprotein AFP Last m enstrual period LMP
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Exocoelom ic cavity ECC C ytochrom e P450scc P450scc
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Human chorion ic gonadotropin hCG Placental g row th  horm one PGH
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class I C antigen receptor
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Insulin-like grow th factor IGF Secondary yo lk sac SYS
Im m unog lobu lin  G IgG Type 1 3B-hydroxystero id 3IS-HSD
Intervillous space IVS dehydrogenase
Intrauterine g row th  restriction IUGR Very-low -density lipoprote in VLDL

The placenta is a remarkable and complex organ that is still only 
partly understood. During its relatively short life span, it under
goes rapid growth, differentiation, and maturation. At the same 
time it performs diverse functions that include the transport of 
respiratory gases and metabolites, immunologic protection, and 
the production of steroid and protein hormones. As the interface 
between the mother and her fetus, the placenta plays a key role 
in orchestrating changes in maternal physiology that ensure a

2

successful pregnancy. This chapter reviews the structure of the 
human placenta and relates this to the contrasting functional 
demands placed on the organ at different stages of gestation. 
Because many of the morphologic features are best understood 
through an understanding of the organ’s development, and 
because many complications of pregnancy arise through aberra
tions in this process, we approach the subject from this perspec
tive. However, for the purposes of orientation and to introduce
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Chapter 1 Placental Anatomy and Physiology

some basic terminology, we first provide a brief description of 
the macroscopic appearance of the delivered organ, with which 
readers are most likely to be familiar.

PLACENTAL ANATOMY 
Overview of the Delivered Placenta
At term, the human placenta is usually a discoid organ, 15 to 
20 cm in diameter, approximately 3 cm thick at the center, and 
weighing on average 450 g. Data show considerable individual 
variation, and placentae are also influenced strongly by the mode 
of delivery. Macroscopically, the organ consists o f two sur
faces or plates: the ch o r ion ic  p la te , to which the umbilical 
cord is attached, and the ba sa l p la t e  that abuts the maternal 
endometrium. Between the two plates is a cavity that is filled 
with maternal blood, delivered from the endometrial spiral arter
ies through openings in the basal plate (Fig. 1-1). This cavity is 
bounded at the margins of the disc by the fusion of the chorionic 
and basal plates, and the smooth chorion, or chorion laeve, 
extends from the rim to complete the chorionic sac. The placenta 
is incompletely divided into between 10 and 40 lobes by 
the presence of septa created by invaginations of the basal plate. 
The septa are thought to arise from differential resistance of the 
maternal tissues to trophoblast invasion and may help to com
partmentalize, and hence direct, maternal blood flow through 
the organ. The fetal component o f the placenta comprises a 
series o f elaborately branched villous trees that arise from the 
inner surface o f the chorionic plate and project into the 
cavity o f the placenta. Ihis arrangement is reminiscent of the 
fronds of a sea anemone wafting in the seawater of a rock pool. 
Most commonly, each villous tree originates from a single-stem 
villus that undergoes several generations of branching until the 
functional units of the placenta, the terminal villi, are created. 
These consist of an epithelial covering of trophoblast and a 
mesodermal core that contains branches of the umbilical arteries 
and tributaries of the umbilical vein. Because of this repeated

branching, the tree takes on the topology of an inverted wine 
glass, often referred to as a lobu le, and two to three of these 
may “sprout” within a single placental lobe (see Fig. 1-1). As will 
be seen later, each lobule represents an individual maternal- 
fetal exchange unit. Near term, the continual elaboration of the 
villous trees almost fills the cavity of the placenta, which is 
reduced to a network of narrow spaces collectively referred to as 
the in terv illou s sp a ce  (IVS). The maternal blood percolates 
through this network of channels and exchanges gases and nutri
ents with the fetal blood that circulates within the villi before 
draining through the basal plate into openings of the uterine 
veins. The human placenta is therefore classified in compara
tive mammalian terms as being o f the villous hemochorial 
type, although as we shall see, this arrangement only pertains 
to the second and third trimesters o f pregnancy.1 Prior to 
that, the maternal-fetal relationship is best described as 
deciduochorial.

Placental Development
Development o f the placenta is initiated morphologically at 
the time o f implantation, when the embryonic pole o f the 
blastocyst establishes contact with the uterine epithelium. At 
this stage, the wall o f the blastocyst comprises an outer layer 
of unicellular epithelial cells, the trophoblast, and an inner 
layer o f extraembryonic mesodermal cells derived from the 
inner cell mass; together these layers constitute the chorion. 
The earliest events have never been observed in vivo for obvious 
ethical reasons, but they are thought to be equivalent to those 
that take place in the rhesus monkey.

Attempts have also been made to replicate the situation in 
vitro by culturing in vitro fertilized human blastocysts on mono
layers of endometrial cells. Although such reductionist systems 
cannot take into account the possibility of paracrine signals that 
emanate from the underlying endometrial stroma, the profound 
differences in trophoblast invasiveness displayed by various 
species are maintained. In the case of the human, the trophoblast

Lobule Intervillous space

Stem villus

Umbilical cord
Chorion laeve 

Amnion

Basal plate

FIG 1-1 Diagrammatic cross section through a mature placenta shows the chorionic and basal plates that bound the intervillous space. The villous 
trees arise from stem villi attached to the chorionic plate and are arranged as lobules centered over the openings of the maternal spiral arteries. 
MC, maternal circulation.
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m  Section  I P hys io logy

in contact with the endometrium undergoes a syncytial trans
formation, and tongues of syncytiotrophoblast begin to pene
trate between the endometrial cells. No evidence suggests 
cell death is induced as part of this process, but gradually 
the conceptus embeds into the stratum compactum of the 
endometrium.

Recent ultrasound and comparative data indicate that 
upgrowth and encapsulation by the endometrium may be just 
as important as trophoblast invasion in this process.2 The earliest 
ex vivo specimens available for study are estimated to be around
7 days postfertilization, and in these, the conceptus is almost 
entirely embedded. A plug of fibrin initially seals the defect in 
the uterine surface, but by days 10 to 12, the epithelium is 
restored.

By the time implantation is complete, the conceptus is 
surrounded entirely by a mantle o f syncytiotrophoblast (Fig.
1-2, A). This multinucleated mantle tends to be thicker beneath

the conceptus, in association with the embryonic pole, and it 
rests on a layer of uninucleate cytotrophoblast cells derived from 
the original wall of the blastocyst. Vacuolar spaces begin to 
appear within the mantle and gradually coalesce to form 
larger lacunae, the forerunners o f the IVS. As the lacunae 
enlarge, the intervening syncytiotrophoblast is reduced in thick
ness and forms a complex lattice of trabeculae (see Fig. 1-2, B). 
Soon after, starting around day 12 after fertilization, the cyto
trophoblast cells proliferate and penetrate into the trabeculae. 
On reaching their tips approximately 2 days later, the cells 
spread laterally and establish contact with those from other 
trabeculae to form a new layer interposed between the mantle 
and the endometrium, the cy to trophoblastic shell (see Fig. 1-2, 
Q . Finally, at the start of the third week of development, meso
dermal cells derived from the extraembryonic mesoderm invade 
the trabeculae, bringing with them the hemangioblasts from 
which the fetal vascular circulation differentiates. The mesoderm

Syncytiotrophoblast 

Endoderm 

Extraembryonic mesoderm 

Cavity in EE mesoderm 

Cytotrophoblast 

Amniotic ca 

Lacuna

Uterine epithelium

Endovascular plug

Spiral artery 

Cytotrophoblast shell

Remnant of 1° YS

Angiogenic clusters 

Early stem villus

Syncytiotrophoblast

Lacuna transforming 
into IVS

Cytotrophoblast 
cell columns

Uterine gland

FIG 1-2 Schematic representation of early placental development between days 9 and 16 postfertilization. ECC, extracoelomic cavity; EE, extra
embryonic; IVS, intervillous space; SYS, secondary yolk sac; YS, yolk sac.
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Chapter 1 Placental Anatomy and Physiology 5

cells do not penetrate right to the tips of the trabeculae, and 
these remain as an aggregation of cytotrophoblast cells— the 
cytotrophoblast ce ll columns, which may or may not have a cover
ing of syncytiotrophoblast (see Fig. 1-2, C). Proliferation of the 
cells at the proximal ends of the columns and their subsequent 
differentiation contribute to expansion of the cytotrophoblastic 
shell. Toward the end of the third week, the rudiments of the 
placenta are therefore in place. The original wall o f the blasto
cyst becomes the chorionic plate, the cytotrophoblastic shell 
is the precursor o f the basal plate, and the lacunae form the 
IVS (Fig. 1-2, D). The trabeculae are the forerunners of the 
villous trees, and repeated lateral branching gradually increases 
their complexity.

Initially, villi form over the entire chorionic sac, but toward 
the end o f the first trimester, they regress from all except the 
deep pole, where they remain as the definitive discoid pla
centa. Abnormalities in this process may account for the 
persistence o f villi at abnormal sites on the chorionic sac and, 
hence, the presence o f accessory or succenturiate lobes. Also, 
excessive asymmetric regression may result in the umbilical 
cord being attached eccentrically to the placental disc.

Amnion and Yolk Sac
W hile these early stages of placental development are taking 
place, the inner cell mass differentiates and gives rise to the 
amnion, the yolk sac, and the bilaminar germ disc. The amnion, 
the yolk sac, and the fluid compartment in which they lie 
play an important role in the physiology of early pregnancy; 
their development will be described. The initial formation of 
these sacs has been controversial over the years, due mainly 
to the small number of specimens available for study. However, 
there now appears to be consensus that the amnion extends 
from the margins of the epiblast layer over the future dorsal 
surface of the germ disc, whereas the primary yolk sac extends 
from the hypoblast layer around the inner surface of the tropho- 
blast, separated from it by a loose reticulum thought to be 
derived from the endoderm. Over the next few days, consider
able remodeling of the yolk sac occurs that involves three 
closely interrelated processes. First, formation of the primitive 
streak in the germ disc and the subsequent differentiation of 
definitive endoderm lead to displacement of the original hypo
blast cells into the more peripheral regions of the primary yolk 
sac. Second, the sac greatly reduces in size, either because the 
more peripheral portion is nipped off, or because it breaks up 
into a number of vesicles. Third, the reticulum splits into two 
layers of mesoderm except at the future caudal end of the germ 
disc, where it persists as a mass; this is the connecting stalk that 
links the disc to the trophoblast. One layer lines the inner surface 
of the trophoblast, contributing to formation of the chorion, 
and the other covers the outer surfaces of the amnion and yolk 
sac. In between these layers is a large fluid-filled space, the exo
coelom ic cavity (ECC). The net result o f this remodeling is the 
formation o f a smaller secondary yolk sac (SYS); connected 
to the embryo by the vitelline duct, it floats within the ECC 
(see Fig. 1-2, D).

The ECC is a conspicuous feature ultrasonographically that 
can be clearly visualized using a transvaginal probe toward the 
end of the third week after fertilization (fifth week of gesta
tional age). Between 5 and 9 weeks of pregnancy, it represents 
the largest anatomic space within the chorionic sac. The SYS 
is the first structure that can be detected ultrasonographi
cally within that space, and its diameter increases slightly

between 6 and 10 weeks o f gestation to reach a maximum 
o f 6 to 7 mm, and then it decreases slightly. Histologically, 
the SYS consists of an inner layer of endodermal cells linked 
by tight junctions at their apical surface and bearing a few 
short microvilli. Their cytoplasm contains numerous mito
chondria, whorls of rough endoplasmic reticulum, Golgi 
bodies, and secretory droplets; this gives them the appearance 
of being highly active synthetic cells. W ith further develop
ment, the epithelium becomes folded to form a series of cyst
like structures or tubules, only some of which communicate 
with the central cavity. The function of these spaces is not 
known, although it has been proposed that they serve as a 
primitive circulatory network in the earliest stages of develop
ment because they may contain nonnucleated erythrocytes. 
On its outer surface, the yolk sac is lined by a layer of meso- 
thelium derived from the extraembryonic mesoderm. This epi
thelium bears a dense covering of microvilli, and the presence 
of numerous coated pits and pinocytotic vesicles gives it the 
appearance of an absorptive epithelium. Although no direct 
evidence has yet been obtained of this function in the human, 
transport proteins for glucose and folate have been immunolo- 
calized to this layer.3 Experiments in the rhesus monkey have 
revealed that the mesothelial layer readily engulfs horseradish 
peroxidase, and the proposed transport function is reinforced 
by the presence of a well-developed capillary plexus immedi
ately beneath the epithelium that drains through the vitelline 
veins to the developing liver.

However, by week 9 o f pregnancy, the SYS begins to exhibit 
morphologic evidence o f a decline in function, lh is appears 
to be independent of the expansion of the amnion, which is 
gradually drawn around the ventral surface of the developing 
embryo. As it does this, it presses the yolk sac remnant against 
the connecting stalk, thus forming the umbilical cord. By the 
end of the third month, the amnion abuts the inner surface of 
the chorion, and the ECC is obliterated. The fusion of the 
amnion and chorion and elimination of the ECC can be seen 
by ultrasound at around 15 weeks of gestation.

Maternal-Fetal Relationship During 
the First Trimester
For the placenta to function efficiently as an organ of 
exchange, it requires adequate and dependable access to the 
maternal circulation. Establishing that access is arguably one 
o f the most critical aspects o f placental development, and 
over recent years, it has certainly been one o f the most con
troversial. As the syncytiotrophoblastic mantle enlarges, it soon 
comes in close proximity to superficial veins within the endo
metrium. These undergo dilation to form sinusoids, which are 
subsequently tapped into by the syncytium. As a result, maternal 
erythrocytes come to lie within the lacunae, and their presence 
has in the past been taken by embryologists as indicating the 
onset of the maternal circulation to the placenta. If this is a 
circulation, however, it is entirely one of venous ebb and flow, 
possibly influenced by uterine contractions and other forces. 
Numerous traditional histologic studies have demonstrated that 
arterial connections are not established with the lacunae until 
much later in pregnancy,4'5 although the exact timing was not 
known for many years. The advent of high-resolution ultrasound 
and Doppler imaging has appeared to answer this question, for 
in normal pregnancies most observers agree that moving echoes 
indicative of significant fluid flow cannot be detected within the 
IVS until 10 to 12 weeks of gestation.
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6 Section I Physiology

It is now well accepted on the basis o f evidence from a 
variety o f techniques that a major change in the maternal 
circulation to the placenta takes place at the end o f the first 
trimester. First, direct vision into the IVS during the first 
trimester with a hysteroscope reveals the cavity to be filled 
with a clear fluid rather than with maternal blood/’ Second, 
perfusion o f pregnant hysterectomy specimens with radi
opaque and other media demonstrates litde flow into the IVS 
during the first trimester, except perhaps at the margins o f 
the placental disc.4 Third, the oxygen concentration within 
the IVS is low (<20 mm Hg) prior to 10 weeks o f pregnancy, 
and it rises threefold between weeks 10 and 12. This rise is 
matched by increases in the mRNA concentrations encoding 
and in activities o f the principal antioxidant enzymes in the 
placental tissues that confirm a change in oxygenation at the 
cellular level. The mechanism that underlies this change in 
placental perfusion relates to the phenomenon of extravillous 
trophoblast invasion.

Extravillous Trophoblast Invasion and 
Physiologic Conversion of the Spiral Arteries
During the early weeks o f pregnancy, a subpopulation of 
trophoblast cells migrates from the deep surface o f the cyto- 
trophoblastic shell into the endometrium. Because these cells 
do not take part in the development of the definitive placenta, 
they are referred to as extravillous trophoblast. Their activities 
are, however, fundamental to the successful functioning o f 
the placenta, for their presence in the endometrium is associ
ated with the physiologic conversion o f the maternal spiral 
arteries. The cytologic basis of this phenomenon is still not 
understood, but the net effect is the loss of the smooth muscle 
cells and elastic fibers from the media of the endometrial seg
ments of the arteries and their subsequent replacement by fibri
noid.8'9 Some evidence suggests that this is a two-stage process. 
Very early in pregnancy, the arteries display endothelial baso
philia and vacuolation, disorganization of the smooth muscle 
cells, and dilation. Because these changes are observed equally 
in both the decidua basalis and parietalis, and because they are 
also seen within the uterus in cases of ectopic pregnancies, they 
must be independent of local trophoblast invasion. Instead, it 
has been proposed that these changes result from activation of 
decidual renin-angiotensin signaling. Slightly later, during the 
first few weeks of pregnancy, the invading extravillous tropho- 
blasts become closely associated with the arteries and infiltrate 
their walls. Further dilation ensues, and as a result, the arter
ies are converted from small-caliber vasoreactive vessels into 
funnel-shaped flaccid conduits.

The extravillous trophoblast population can be separated into 
two subgroups: the endovascu lar trophoblast migrates in a retro
grade fashion down the lumens of the spiral arteries, replacing 
the endothelium; and the interstitia l trophoblast migrates through 
the endometrial stroma. In early pregnancy, the volume o f the 
migrating endovascular cells is sufficient to occlude, or plug, 
the terminal portions o f the spiral arteries as they approach 
the basal plate (Fig. 1-3).4,5 It is the dissipation o f these plugs 
toward the end o f the first trimester that establishes the 
maternal circulation to the placenta. The mechanism of 
unplugging of the arteries is unknown at present but could 
potentially reflect changes in endovascular trophoblast motility 
or alterations in maternal hemodynamics. Trophoblast invasion 
is not equal across the implantation site; rather it is greatest in 
the central region, where it has presumably been established the

longest. It is to be expected, therefore, that the plugging of the 
spiral arteries will be most extensive in this region, and this may 
account for the fact that maternal arterial blood flow is most 
often first detectable ultrasonographically in the peripheral 
regions of the placental disc.10 Associated with this blood flow 
is a high local level o f oxidative stress, which can be consid
ered physiologic because it occurs in all normal pregnancies. 
It has recendy been proposed that this stress induces regres
sion o f the villi over the superficial pole o f the chorionic sac, 
so forming the chorion laeve (Fig. 1-4).10

Under normal conditions, the interstitial trophoblast cells 
invade as far as the inner third of the myometrium, where they 
fuse and form multinucleated giant cells. It is essential that the 
process is correcdy regulated; excessive invasion can result in 
complete erosion o f the endometrium and the condition 
known os p la cen ta  a ccre ta  (see Chapter 21). As they migrate, 
the trophoblast cells interact with cells of the maternal immune 
system present within the decidua, in particular macrophages 
and uterine natural killer (NK) cells. These interactions may play 
a physiologic role in regulation of the depth of invasion and in 
the conversion of the spiral arteries. Uterine NK cells accumu
late in the endometrium during the secretory phase of the non
pregnant cycle and are particularly numerous surrounding the 
spiral arteries at the implantation site. Despite their name, no 
evidence suggests that they destroy trophoblast cells. On the 
contrary, their cytoplasm contains numerous granules with a 
diverse array of cytokines and growth factors. Extravillous tro
phoblast cells express the polymorphic human leukocyte 
C-antigen (HLA-C) that binds to killer cell immunoglobulin
like receptors (KIRs) on the NK cells. Recent evidence indi
cates that a degree o f activation o f the NK cells is necessary 
for successful pregnancy, most likely because o f the release 
o f factors that mediate spiral artery remodeling. Hence, com
binations o f HLA-C antigen and KIR subtypes that are gen
erally inhibitory are associated with a high risk o f pregnancy 
complications,11 which emphasizes the importance o f immu
nologic interactions to reproductive success.

Physiologic conversion of the spiral arteries is often attributed 
with ensuring an adequate maternal blood flow to the placenta, 
but such comments generally oversimplify the phenomenon. By 
itself, the process cannot increase the volume of blood flow to 
the placenta because it only affects the most distal portion of the 
spiral arteries. The most proximal part o f the arteries, where 
they arise from the uterine arcuate arteries, always remains 
unconverted, and will act as the rate-limiting segment. These 
segments gradually dilate in conjunction with the rest o f the 
uterine vasculature during early pregnancy, most probably 
under the effects o f estrogen; as a result, the resistance o f the 
uterine circulation falls, and uterine blood flow increases 
from approximately 45 mL/min during the menstrual cycle 
to around 750 mL/min at term or 10%  to 15%  o f maternal 
cardiac output.

By contrast, the terminal dilation of the arteries will substan
tially reduce both the rate and pressure with which that maternal 
blood flows into the IVS. Mathematic modeling has demon
strated that physiologic conversion is associated with a reduction 
in velocity from 2 to 3 m/sec in the nondilated section of a spiral 
artery to approximately 10 cm/sec at its m outh.12 This reduc
tion in the velocity will ensure that the delicate villous trees 
are not damaged by the momentum o f the inflowing blood. 
Slowing the rate o f maternal blood flow across the villous 
trees will also facilitate exchange, whereas lowering the
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FIG 1-3 During early pregnancy, the tips of the maternal spiral arteries are occluded by invading endovascular trophoblast cells, which impedes 
flow into the intervillous space. The combination of endovascular and interstitial trophoblast invasion is associated with physiologic conversion 
of the spiral arteries. Both processes are deficient in preeclampsia, and the retention of vascular smooth muscle may increase the risk of 
spontaneous vasoconstriction and hence may result in an ischemia-reperfusion type injury to the placenta. MC, maternal circulation.
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pressure in the IVS is important to prevent compression and 
collapse o f the fetal capillary network within the villi. Mea
surements taken in the rhesus monkey indicate that the pressure 
at the mouth of a spiral artery is only 15 mm Hg and within 
the IVS is on average 10 mm Hg. The pressure within the fetal 
villous capillaries is estimated to be approximately 20 mm Hg, 
providing a pressure differential that favors their distension of 
5 mm Hg.

Many complications o f pregnancy are associated with 
defects in extravillous trophoblast invasion and failure to 
establish the maternal placental circulation correctly. In the 
most severe cases, the cytotrophoblastic shell is thin and 
fragmented; this is observed in approximately two thirds o f 
spontaneous miscarriages.13 Reduced invasion may reflect 
defects inherent in the conceptus, such as chromosomal aberra
tions, or it may be due to thrombophilia, endometrial dysfunc
tion, or other problems in the mother. The net result is that 
onset of the maternal circulation is both precocious and wide
spread throughout the developing placenta, consequent upon 
absent or incomplete plugging of the maternal arteries.10 Hemo
dynamic forces coupled with excessive oxidative stress within the

placental tissues14 are likely to be major factors that contribute 
to loss of these pregnancies.

In milder cases, the pregnancy may continue, but it is 
complicated later by preeclampsia, intrauterine growth 
restriction (IUGR), or a combination o f the two. The physi
ologic changes are either restricted to only the superficial 
endometrial parts o f the spiral arteries or are absent all 
together (see Fig. 1-3). In the most severe cases o f preeclamp
sia associated with major fetal growth restriction, only 10%  
o f the arteries may be fully converted, compared with 96%  
in normal pregnancies.11 There is still debate as to whether this 
is due to an inability of the interstitial trophoblast to invade the 
endometrium successfully, or whether having invaded suffi
ciently deeply, the trophoblast cells fail to penetrate the walls of 
the arteries. These two possibilities are not mutually exclusive 
and may reflect different etiologies.

Whatever the causation, there are several potential conse
quences to incomplete conversion of the arteries. First, because 
of the absence of the distal dilation, maternal blood will enter 
the IVS with greater velocity than normal, forming jetlike spurts 
that can be detected ultrasonographically. The villous trees are
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8 Section I Physiology

FIG 1-4 Onset of the maternal circulation (MC) starts in the periphery 
of the placenta {arrows), where trophoblast invasion— and hence plug
ging of the spiral arteries— is least developed. The high local levels of 
oxidative stress are thought to induce villous regression and formation 
of the chorion laeve. AC, amniotic cavity; D, decidua; ECC, exocoe
lomic cavity; P, placenta; M, myometrium; SYS, secondary yolk sac. 
(Modified from Jauniaux E, Cindrova-Davies T, Johns J, et al. Distribu
tion and transfer pathways of antioxidant molecules inside the 
first trimester human gestational sac. J Clin Endocrinol Metab. 
2004 ;89 :1452-1459 .)

often disrupted opposite these spurts, which leads to the forma
tion of intervillous blood lakes, and the altered hemodynamics 
within the IVS result in thrombosis and excessive fibrin deposi
tion. Second, incomplete conversion will allow the spiral arteries 
to maintain greater vasoreactivity than normal. Evidence from 
rhesus monkeys and humans shows that spiral arteries are not 
continuously patent but that they undergo periodic constriction 
independent of uterine contractions.10,16 It has recently been 
proposed that exaggeration of this phenomenon due to the 
retention of smooth muscle in the arterial walls may lead to a 
hypoxia-reoxygenation-type injury in the placenta, which cul
minates in the development of oxidative stress. Placental oxida
tive stress is a key factor in the pathogenesis o f preeclampsia, 
and clinical evidence suggests that hypoxia-reoxygenation is 
a more physiologic stimulus for its generation than simply 
reduced uterine perfusion.17 The third consequence of incom
plete conversion is that the distal segments of the arteries are 
frequently the site of acute atherotic changes.18 These are likely 
to be secondary changes, possibly induced by the involvement 
of these segments in the hypoxia-reoxygenation process or their 
abnormal hemodynamics; however, if  the lesions become occlu
sive, they will further impair blood flow within the IVS, which 
contributes to the growth restriction.

Role of the Endometrium During 
the First Trimester
Signals from the uterine epithelium and secretions from the 
endometrial glands play a major role in regulating receptivity

at the time o f implantation, but the potential contribution of 
the glands to fetal development once implantation is complete 
has largely been ignored. This has been due to the general 
assumption that once the conceptus is embedded within the 
uterine wall, it no longer has access to the secretions in the 
uterine lumen. However, a review of archival placenta in situ 
hysterectomy specimens has revealed that the glands discharge 
their secretions into the IVS through openings in the basal 
plate throughout the first trimester (see Fig. 1-2).19 The secre
tions are a heterogenous mix of maternal proteins; carbohy
drates, including glycogen; and lipid droplets phagocytosed by 
the syncytiotrophoblast. Recently, it has been demonstrated that 
the pattern of sialylation of the secretions changes between the 
late secretory phase of the nonpregnant cycle and early preg
nancy.20 A loss of terminal sialylic acid caps occurs, which will 
render the secretions more easily degradable by the trophoblast 
following their phagocytic uptake. The fact that glycodelin, for
merly referred to as PP14 or a 2-PEG, is derived from the glands 
and yet accumulates within the amniotic fluid with concentra
tions that peak at around 10 weeks’ gestation indicates that the 
placenta must be exposed to glandular secretions extensively 
throughout the first trimester.

Ultrasonographic measurements suggest that an endome
trial thickness o f 8 mm or more is necessary for successful 
implantation, although not all studies have found such an 
association. Nonetheless, these measurements are in line with 
observations based on placenta-in-situ specimens, in which 
an endometrial thickness of over 5 mm was reported beneath 
the conceptus at 6 weeks of gestation.21 Gradually, over the 
remainder of the first trimester, the endometrium regresses so 
that by 14 weeks of gestation, the thickness is reduced to 1 mm. 
Histologically, there is also a transformation in the glandular 
epithelial cells over this period. During early pregnancy, they 
undergo characteristic hypersecretory morphologic changes, the 
so-called Arias-Stella reaction,22 and their cytoplasm contains 
abundant organelles and large accumulations of glycogen.19,21 
These changes are likely a response to placental lactogens and 
prolactin from the decidua, which represents a servomechanism 
by which the placenta induces upregulation of its own nutrient 
supply. However, by the end of the first trimester, the cells are 
more cuboidal, and secretory organelles are much less promi
nent, although the lumens of the glands are still filled with 
secretions.

The overall picture is that the glands are most prolific and 
active during the early weeks o f pregnancy, and that their 
contribution gradually wanes during the first trimester. This 
would be consistent with a progressive switch from histotro- 
phic to hemotrophic nutrition as the maternal arterial circu
lation to the placenta is established. The glands should not be 
considered solely as a source of nutrients; their secretions are also 
rich in growth factors such as leukemia inhibitory factor, vascu
lar endothelial growth factor (VEGF), epidermal growth factor, 
and transforming growth factor beta (TGF-(3).21 Receptors for 
these factors are present on the villous tissues, so the glands may 
play an important role in modulating placental proliferation and 
differentiation during early pregnancy, as in other species. The 
change in sialylation in early pregnancy will ensure that any of 
the secretions that gain access to the maternal circulation via the 
uterine veins will be rapidly cleared in the maternal liver. Hence, 
a unique proliferative microenvironment can be created within 
the IVS of the early placenta without placing the mother’s 
tissues at risk of excessive stimulation. Attempts to correlate the
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Chapter 1 Placental Anatomy and Physiology 9

functional activity of the glands with pregnancy outcome have 
met with mixed success. Thus reduced concentrations of mucin 
1, glycodelin, and leukemia inhibitory factor have been reported 
in uterine flushings from women who have suffered repeated 
miscarriages.23 However, a recent study has shown no significant 
association between the expression of these markers within the 
endometrium and outcome.24 This difference may reflect impair
ment in the secretory, rather than the synthetic, machinery 
of the gland cells, although further work is required to confirm 
this point.

From the evidence available, it would appear that the 
functional importance o f the endometrial glands to a 
successful pregnancy extends well beyond the time of 
implantation.

Topology of the Villous Trees
One o f the principal functions o f the placenta is diffusional 
exchange, and the physical requirements for this impose the 
greatest influence on the structure o f the organ. The rate of 
diffusion o f an inert molecule is governed by Fick’s law, so it 
is proportional to the surface area for exchange divided by 
the thickness o f the tissue barrier. A large surface area will 
therefore facilitate exchange, and this is achieved by repeated 
branching o f the villous trees.

The villous trees arise from the trabeculae interposed 
between the lacunae (see Fig. 1-2) through a gradual process of 
remodeling and lateral branching. Initially, the different 
branches have an almost uniform composition, and the villi 
can be separated only by their relative size and position in the 
hierarchical branching pattern. At this stage, the mesodermal 
core is loosely packed, and at the proximal end of the trees, it 
blends with the extraembryonic mesoderm that lines the ECC. 
The stromal cells possess sail-like processes that often link 
together to form fluid-filled channels orientated parallel to the 
long axis of the villi. Macrophages are often seen within these 
channels, so it is possible they function as a primitive circula
tory system prior to vasculogenesis. In this way proteins 
derived from the uterine glands could freely pass into the coe- 
lomic fluid, and it is notable that the macrophages within the 
channels are strongly immunoreactive for maternal glycodelin19 
secreted from the glands.

Toward the end of the first trimester, the villi begin to dif
ferentiate into their principal types. The connections to the 
chorionic plate become remodeled to form stem villi, which 
represent the supporting framework o f each villous tree.'1 
These progressively develop a compact fibrous stroma and 
contain branches of the chorionic arteries and accompanying 
veins. The arteries are centrally located and are surrounded by a 
cuff of smooth muscle cells. Although these have the appear
ance o f resistance vessels, physiologic studies indicate that 
under normal conditions, the fetal placental circulation 
operates under conditions o f full vasodilation. Stem villi 
contain only a few small caliber capillaries, and so they play little 
role in placental exchange.

After several generations of branching, stem villi give rise to 
intermediate villi. These are longer and more slender in form 
and can be of two types: immature and mature. The former are 
seen predominantly in early pregnancy and represent a persis
tence of the nondifferentiated form as indicated by the presence 
of fluid-filled stromal channels. Mature intermediate villi provide 
a distributing framework, and terminal villi arise at intervals 
from their surface. W ithin the core are arterioles and venules

but also a significant number of nondilated capillaries, which 
suggest a limited capacity for exchange.

The main functional units o f the villous tree are, however, 
the terminal villi. There is no strict definition as to where a 
terminal villus starts, but they are most often short, stubby 
branches up to 100 |im in length and approximately 80 |im in 
diameter that arise from the intermediate villi (Fig. 1-5).2' They 
are highly vascularized, but by capillaries alone, and they are 
highly adapted for diffusional exchange, as will be seen later.

This differentiation of the villi coincides temporally with the 
development of the lobular architecture, and the two processes 
are most likely interlinked. Lobules can be first identified during 
the early second trimester, following onset of the maternal cir
culation, when it is thought hemodynamic forces may shape the 
villous tree. Convincing radiographic and morphologic evidence 
shows that maternal blood is delivered into the center of the 
lobule and that it then disperses peripherally, as in the rhesus 
monkey placenta.26 Consequently, it is to be expected that an 
oxygen gradient will exist across the lobule, and differences in 
the activities and expression of antioxidant enzymes within the 
villous tissues suggest strongly that this is the case. Other meta
bolic gradients (e.g., glucose concentration) may also exist, and 
together these may exert powerful influences on villous differ
entiation. Villi in the center of the lobule, where the oxygen 
concentration will be highest, display morphologic and enzy
matic evidence of relative immaturity, and so this is considered 
to be the germinative zone. By contrast, villi in the periphery of 
the lobule are better adapted for diffusional exchange.

Elaboration o f the villous tree is a progressive event that 
continues at a steady pace throughout pregnancy, and by 
term, the villi present a surface area o f 10 to 14 m2. This may 
be significantly reduced in cases o f IUGR, although this 
principally reflects an overall reduction in placental volume 
rather than maldevelopment o f the villous tree.2 In cases of 
preeclampsia alone, villous surface area is normal and is only 
compromised with associated growth restriction.27 Attempts 
have recently been made to monitor placental growth longitu
dinally during pregnancy using ultrasound. Although the data 
show considerable individual variability, they indicate that in 
cases of growth restriction or macrosomia, placental volume is 
significantly reduced or increased, respectively, at 12 to 14 
weeks. These findings suggest that ultimate placental size has 
its origins firmly in the first trimester.

PLACENTAL HISTOLOGY
The epithelial covering of the villous trees is formed by the 
syncytiotrophoblast. As its name indicates, this is a true multi
nucleated syncytium that extends without lateral intercellular 
clefts over the entire villous surface. In essence, the syncytiotro
phoblast acts as the endothelium of the IVS, and everything that 
passes across the placenta must pass through this layer, either 
actively or passively. This tissue also performs all hormone syn
thesis in the placenta, and so a number of potentially conflicting 
demands are placed upon it.

The syncytiotrophoblast is highly polarized, and one of its 
most conspicuous features is the presence of a dense covering of 
microvilli on the apical surface. In the first trimester, the micro
villi are relatively long (approximately 0.75 to 1.25 (J.m in length 
and 0.12 to 0.17 |lm in diameter), but as pregnancy advances, 
they become shorter and more slender, being approximately 0.5 
to 0.7 |im in length and 0.08 to 0.14 |lm in diameter at term.
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FIG 1-5 Diagrammatic representation of an intermediate villus with terminal villi arising from the lateral surface.
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The microvillous covering is even over the villous surface, and 
measurements of the amplification factor provided vary from 5.2 
to 7.7. M any receptors and transport proteins have been local
ized to the microvillous surface by molecular biologic and 
immunohistochemical techniques, as will be discussed later. The 
receptors are thought to reside in lipid rafts, and once bound to 
their ligand, they migrate to the base of the microvilli, where 
clathrin-coated pits are present (see Fig. 1-5).28 Receptor-ligand 
complexes are concentrated in the pits, which are then internal
ized. Disassociation of ligands such as cholesterol may occur in 
the syncytioplasm, whereas other ligands, such as immunoglob
ulin G, are exocytosed at the basal surface.

Support for the microvillous architecture is provided by a 
substantial network of actin filaments and microtubules that lie 
just beneath the apical surface. Also present within the syncy
tioplasm are numerous pinocytotic vesicles, phagosomes, lyso- 
somes, mitochondria, secretory droplets, strands of endoplasmic 
reticulum, Golgi bodies, and lipid droplets.28 The overall im
pression is o f a highly active epithelium engaged in absorp
tive, secretory, and synthetic functions. Therefore it is not 
surprising that the syncytiotrophoblast has a high metabolic 
rate, consuming approximately 40%  o f the oxygen taken up 
by the fetoplacental unit.2'1

Tbe syncytiotrophoblast is a terminally differentiated tissue; 
consequently, mitotic figures are never observed within its 
nuclei. It has been suggested that this condition, which is fre
quently observed in the fetal cells at the maternal-fetal interface 
in other species, reduces the risk of malignant transformation in 
the trophoblast and so protects the mother. Whatever the reason, 
the syncytiotrophoblast is generated by the recruitment of

progenitor cytotrophoblast cells, which are uninucleate 
and lie on a well-developed basement membrane immediately 
beneath the syncytium. A proportion represents progenitor cells 
that undergo proliferation, with daughter cells that undergo 
progressive differentiation.30 Consequently, a range of morpho
logic appearances are seen, from cuboidal resting cells with a 
general paucity of organelles to fully differentiated cells that 
closely resemble the overlying syncytium .'8 Ultimately, mem
brane fusion takes place between the two, and the nucleus and 
cytoplasm are incorporated into the syncytiotrophoblast. Early 
in pregnancy, the cytotrophoblast cells form a complete layer 
beneath the syncytium, but as pregnancy advances, the cells 
become separated and are seen less frequently in histologic sec
tions. In the past this observation was interpreted as being 
indicative of a reduction in the number of cytotrophoblast cells 
and therefore a reduction in the proliferative potential of the 
trophoblast layers. More recent stereologic estimates have 
revealed a different picture, however, because the total number 
of these cells increases until term.31 The apparent decline results 
from the fact that villous surface area increases at a greater rate, 
and so cytotrophoblast cell profiles are seen less often in any 
individual histologic section.

The stimuli that regulate cytotrophoblast cell proliferation are 
not fully understood. In early pregnancy, prior to 6 weeks, epi
dermal growth factor (EGF) may play an important role; expres
sion of both the factor and its receptor are localized principally 
to these cells. EGF is also strongly expressed in the epithelium 
of the uterine glands,21 and in the horse, a tight spatial and 
temporal correlation exists between glandular expression and 
proliferation in the overlying trophoblast. Later during the first
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Chapter 1 Placental Anatomy and Physiology 11

trimester, insulin-like growth factor II (IGF-II) can be immu- 
nolocalized to the cytotrophoblast cells, as can the receptor for 
hepatocyte growth factor— a powerful mitogen expressed by the 
mesenchymal cells, which provides the possibility of paracrine 
control. Environmental stimuli may also be important, and 
hypoxia has long been known to stimulate cytotrophoblast 
proliferation in vitro. A greater number of cell profiles are 
also observed in placentae from high altitudes, where they are 
exposed to hypobaric hypoxia, and in conditions associated with 
poor placental perfusion. However, whether this represents 
increased proliferation or decreased fusion with the syncytiotro
phoblast is uncertain.

The factors that regulate and mediate fusion are equally 
uncertain. Growth factors such as EGF, granulocyte-macrophage 
colony-stimulating factor (GM-CSF), and VEGF are able to 
stimulate fusion in vitro, as are the hormones estradiol and 
human chorionic gonadotropin (hCG). By contrast, TGF-(3, 
leukemia inhibitory factor, and endothelin inhibit the process, 
which suggests that the outcome in vivo depends on a balance 
between these opposing influences. One of the actions of hCG 
at the molecular level is to promote the formation of gap junc
tions between cells, and strong experimental evidence suggests 
that communication via gap junctions is an essential prerequisite 
in the fusion process.3" Whether membrane fusion is initiated 
at the sites of gap junctions is not known at present, but much 
interest has been paid recently to other potential mechanisms of 
fusion. One such is the externalization of phosphatidylserine on 
the outer leaflet of the cell membrane, although whether this 
represents part of an apoptotic cascade that is only completed 
in the syncytiotrophoblast or is inherent to cytotrophoblastic 
differentiation remains controversial. Another is the expression 
of human endogenous retroviral envelope proteins HERV-W 
env and HERV-FRD env, commonly referred to as syncytin 1 
and syncytin 2, respectively. The first protein entered the primate 
genome approximately 25 million years ago, the second over 40 
million years ago, and these are considered to have fusigenic and 
immunomodulatory roles.33 Expression of syncytin appears to 
be necessary for syncytial transformation of trophoblast cells in 
vitro, and ectopic expression in other cell types renders them 
fusigenic. Syncytin interacts with the amino acid transporter 
protein ASCT2, and the expression o f both is influenced by 
hypoxia in trophoblast cell lines in vitro. This could provide 
an explanation for the increased number o f cytotrophoblast 
cells observed in placentae from hypoxic pregnancies.

Although it is clear that the cascade of events that control 
cytotrophoblastic proliferation and fusion has yet to be fully 
elucidated, it appears to be tightly regulated in vivo. Thus 
the ratio of cytotrophoblastic to syncytial nuclei remains at 
approximately 1 :9  throughout pregnancy,31 although it may 
be perturbed in pathologic cases. Recent evidence from immu- 
nohistochemistry and the incorporation of fluorouridine sug
gests that a constant proportion of the nuclei (approximately 
80%) are transcriptionally active across gestation,34 which 
enables the tissue to respond more rapidly and independently 
to challenges. Nuclei that are transcriptionally inactive are 
sequestered together into aggregates known as syn cy tia l 
knots. These nuclei display dense heterochromatin and also 
show evidence o f oxidative changes, which suggests they are 
aged or damaged in some way.35 Syncytial knots become 
more common in later pregnancy and are taken by patholo
gists as a marker o f syncytial well-being, the so-called Tenney- 
Parker change.

Integrity of the Villous Membrane
One situation that may alter the balance o f the two popula
tions o f nuclei is damage to the trophoblast layers and the 
requirement for repair. Isolated areas of syncytial damage, often 
referred to as sites of f o c a l  syn cy tia l n ecrosis, are a feature of all 
placentae, although they are more common in those from patho
logic pregnancies. Their origin remains obscure but they could 
potentially arise from altered hemodynamics within the IVS or 
from physical interactions between villi. One striking example 
of the latter is the rupture of syncytial bridges that form between 
adjacent villi and lead to circular defects on the surface 20 to 
40 |J.m in diameter. Disruption of the microvillous surface leads 
to the activation of platelets and to the deposition of a fibrin 
plaque on the trophoblastic basement membrane. Apoptosis of 
syncytial nuclei has been reported in the immediate vicinity of 
such plaques, but whether this reflects cause or effect has yet to 
be determined. W ith time, cytotrophoblast cells migrate over 
the plaque, differentiate, and fuse to form a new syncytiotro- 
phoblastic layer. As a result, the plaque is internalized, and the 
integrity of the villous surface is restored. In the interim, 
however, these sites are nonselectively permeable to creatinine 
and may represent a paracellular route for placental transfer.36

In the past, more widespread apoptosis in the syncytiotropho
blast has been reported, with the interpretation that this reflects 
increased turnover of the trophoblast in pathologic conditions. 
However, recent research has clarified that although rates of 
apoptosis are increased in preeclampsia and IUGR, the cell death 
is confined to the cytotrophoblast cells.37

Extensive damage to the syncytiotrophoblast is seen in cases 
of missed miscarriage, in which complete degeneration and 
sloughing of the layer can occur.10,14 Although apoptosis and 
necrosis are increased among the cytotrophoblast cells, the 
remaining cells differentiate and fuse to form a new and func
tional syncytial layer. A similar effect is observed when villi from 
either first trimester or term placentae are maintained under 
ambient conditions in vitro.

Thus it is likely that considerable turnover of the syncytiotro
phoblast takes place over the course of a pregnancy, although in 
the absence of longitudinal studies, it is impossible to determine 
the extent of this phenomenon. Nonetheless, it is clear that the 
villous membrane cannot be considered an intact physical 
barrier and that other elements of the villous trees may play 
important roles in regulating maternal-fetal transfer.

Placental Vasculature
The development o f the fetal vasculature begins during the 
third week after conception (the fifth week o f pregnancy) 
with the de novo formation o f capillaries within the villous 
stromal core. Hemangioblastic cell cords differentiate under the 
influence of growth factors such as basic fibroblast growth factor 
and VEGF.38 By the beginning of the fourth week, the cords 
have developed lumens, and the endothelial cells become flat
tened. Surrounding mesenchymal cells become closely apposed 
to the tubes and differentiate to form pericytes. During the next 
few days, connections form between neighboring tubes to form 
a plexus, and this ultimately unites with the allantoic vessels 
developing in the connecting stalk to establish the fetal circula
tion to the placenta.

Exactly when an effective circulation is established through 
these vessels is difficult to determine. First, the connection 
between the corporeal and extracorporeal fetal circulations is 
initially particularly narrow, which suggests there can be little
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12 Section I Physiology

flow. Second, the narrow caliber of the villous capillaries, coupled 
with the fact that the fetal erythrocytes are nucleated during the 
first trimester and hence are not readily deformable, will ensure 
that the circulation presents a high resistance to flow. This is 
reflected in the Doppler waveform obtained during the first 
trimester, and the resistance gradually falls as the vessels enlarge 
over the ensuing weeks.

Early in pregnancy, there are relatively few pericytes, and the 
capillary network is labile and undergoes considerable remodel
ing. Angiogenesis continues until term and results in the 
formation o f capillary sprouts and loops. Both o f these pro
cesses contribute to the elaboration o f terminal villi. ' The 
caliber o f the fetal capillaries is not constant within interme
diate and terminal villi, and frequendy oo the apex o f a tight 
bend, the capillaries become greatly dilated and form sinu
soids. These regions may help to reduce vascular resistance 
and facilitate distribution o f fetal blood flow through the 
villous trees.39 Equally important is the fact that the dilations 
bring the outer wall o f the capillaries into close juxtaposition 
with the overlying trophoblast. The trophoblast is locally 
thinned, and as a result, the diffusion distance between the 
maternal and fetal circulations is reduced to a minimum (see 
Fig. 1-5). Because o f their morphologic configuration, these 
specializations are referred to as vasculosyncytial membranes, 
and they are considered the principal sites o f gaseous and 
other diffusional exchanges. The arrangement can be consid
ered analogous to that in the alveoli of the lung, where the 
pulmonary capillaries indent into the alveolar epithelium in 
order to reduce the thickness of the air-blood diffusion barrier. 
Thinning of the syncytial layer will not only increase the rate of 
diffusion into the fetal capillaries, it will also reduce the amount 
of oxygen extracted by the trophoblast en route. The syncytio- 
trophoblast is highly active metabolically because of the increased 
rates of protein synthesis and ionic pumping, but by having an 
uneven distribution of the tissue around the villous surface, the 
oxygen demands of the fetus and the placenta can be separated 
to a large extent.

It is notable that development of vasculosyncytial membranes 
is seen to its greatest extent in the peripheral regions of a pla
cental lobule, where the oxygen concentration is lowest, and also 
in placentae from high altitudes. In both instances, it is associ
ated with enlargement of the capillary sinusoids and may be 
viewed as an adaptive response aimed at increasing the diffusing 
capacity of the placental tissues. Conversely, an increase in the 
thickness of the villous membrane is often seen in cases of IUGR 
and in placentae from cigarette smokers. As mentioned earlier, 
the hydrostatic pressure differential across the villous membrane 
is an important determinant of the diameter of the capillary 
dilations and hence of the villous membrane thickness. Raising 
the pressure in the IVS not only compresses the capillaries, it 
also increases the resistance within the umbilical circulation. 
Both effects will impair diffusional exchange, which highlights 
the importance of full conversion of the spiral arteries.

Vascular changes are observed in many complications of 
pregnancy,40 where they may underpin changes in the topol- 
ogy o f the villous tree. Increased branching o f the vascular 
network is observed in placentae from high altitudes, which 
causes the terminal villi to be shorter and more clustered 
than normal. At present, no experimental data indicate 
that this has any impact on placental exchange; but in theory, 
this shortening o f the arteriovenous pathway may lead to 
increased efficiency.

PLACENTAL PHYSIOLOGY
The placenta provides the fetus with all its essential nutrients, 
including water and oxygen, and it gives a route for clearance 
of fetal excretory products in addition to producing a vast array 
of protein and steroid hormones and factors necessary for the 
maintenance of pregnancy. In the first trimester, the SYS and 
the extraembryonic coelom play an important role in protein 
synthesis and as an additional transport pathway inside the 
gestational sac. In the last two trimesters, the majority (95%) of 
maternofetal exchange takes place across the chorioallantoic 
placenta.

Physiology of the Secondary Yolk Sac 
and Exocoelomic Cavity
Now that development of the placenta and the extraembryonic 
membranes has been covered, we turn to their physiologic roles 
during pregnancy. Phylogenetically, the oldest membrane is the 
yolk sac, and the SYS plays a major role in the embryonic devel
opment of all mammals. The function o f the yolk sac has been 
most extensively studied in laboratory rodents. It has been 
demonstrated that it is one o f the initial sites o f hematopoi- 
esis, it synthesizes a variety o f proteins, and it is involved in 
maternal-fetal transport.

The endodermal layer of the human SYS is known to synthe
size several serum proteins in common with the fetal liver, such 
as alpha-fetoprotein (AFP), alpha,-antitrypsin, albumin, preal
bumin, and transferrin. W ith rare exceptions, the secretion of 
most of these proteins is confined to the embryonic compart
ments, and the contribution of the SYS to the maternal protein 
pool is lim ited .11 This can explain why their concentrations are 
always higher in the ECC than in maternal serum. AFP is also 
produced by the embryonic liver from 6 weeks until delivery; it 
has a high molecular weight (±70 kDa) and, conversely to hCG, 
is found in similar amounts on both sides of the amniotic mem
brane. Analysis o f molecular variants o f AFP that have an 
affinity for concanavalin A  have demonstrated that AFP mol
ecules within both the coelomic and amniotic fluids are 
mainly o f yolk sac origin, whereas maternal serum AFP mol
ecules are principally derived from the fetal liver.12 These 
results suggest that the SYS also has an excretory function 
and secretes AFP toward the embryonic and extraembryonic 
compartments. By contrast, AFP molecules o f fetal liver 
origin are probably transferred from the fetal circulation to 
the maternal circulation, mainly across the placental villous 
membrane.

The potential absorptive role of the yolk sac membrane has 
been evaluated by examining the distribution of proteins and 
enzymes between the ECC and SYS fluids and by comparing 
the synthesizing capacity of SYS, fetal liver, and placenta for 
hCG and AFP.43 The distribution of the trophoblast-specific 
hCG in yolk sac and coelomic fluids, together with the absence 
of hCG mRNA expression in yolk sac tissues, provided the first 
biologic evidence of its absorptive function. Similarities in the 
composition of the SYS and coelomic fluids suggest that a free 
transfer for most molecules occurs between the two correspond
ing compartments. Conversely, an important concentration gra
dient exists for most proteins between the ECC and amniotic 
cavity, indicating that transfer of molecules is limited at the level 
of the amniotic membrane.

These findings suggest that the yolk sac membrane is an 
important zone o f transfer between the extraembryonic and
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Chapter 1 Placental Anatomy and Physiology 13

embryonic compartments, and that the main flux o f mole
cules occurs from outside the yolk sac— that is, from the 
ECC— in a direction toward its lumen and subsequently to 
the embryonic gut and circulation. The recent identification 
of specific transfer proteins on the mesothelial covering,3 and of 
the multifunctional endocytic receptors megalin and cubilin,44 
lends further support to this concept. When after 10 weeks of 
gestation, the cellular components of the wall of the SYS start 
to degenerate, this route of transfer is no longer functional, and 
most exchanges between the ECC and the fetal circulation must 
then take place at the level of the chorionic plate.

The development and physiologic roles of the ECC are inti
mately linked with that of the SYS, for which it provides a stable 
environment. The concentrations of hCG, estriol, and proges
terone are higher in the coelomic fluid than in maternal serum'*1 
and strongly suggest the presence of a direct pathway between 
the trophoblast and the ECC. Morphologically, this may be via 
the villous stromal channels and the loose mesenchymal tissue 
of the chorionic plate. Protein electrophoresis has also shown 
that the coelomic fluid results from an ultrafiltrate of maternal 
serum with the addition of specific placental and SYS bioprod
ucts. For the duration of the first trimester, the coelomic fluid 
remains straw colored and more viscous than the amniotic fluid, 
which is always clear. This is m ainly due to the higher protein 
concentration in the coelomic fluid than in the amniotic cavity. 
The concentration of almost every protein is higher in coelomic 
fluid than in amniotic fluid, ranging from 2 to 50 times higher 
depending on the molecular weight of the protein investigated.41 
The coelomic fluid has a very slow turnover, so the ECC may 
act as a reservoir for nutrients needed by the developing embryo. 
These findings suggest that the ECC is a physiologic liquid 
extension o f the early placenta and an important interface 
in fetal nutritional pathways. Molecules such as vitamin 
B12, prolactin, and glycodelin (placental protein 14, PP14) are 
known to be m ainly produced by the uterine decidua.41 This 
pathway may be pivotal in providing the developing embryo 
with sufficient nutrients before the intervillous circulation 
becomes established.1 ’

Some analogies can be drawn between the ECC and the 
antrum within a developing graafian follicle. It has been sug
gested that the evolution of the latter was necessary to overcome 
the problem of oxygen delivery to an increasing large mass of 
avascular cells. Because the contained fluid has no oxygen con
sumption, it w ill permit diffusion more freely than an equivalent 
thickness of cells. However, because neither follicular nor coe
lomic fluids contain an oxygen carrier, the total oxygen content 
must be low. An oxygen gradient will inevitably exist between 
the source and the target, whether it be an oocyte or an embryo. 
Measurements in human patients undergoing in vitro fertiliza
tion (IVF) have demonstrated that the oxygen tension in follicu
lar fluid falls as follicle diameter, assessed by ultrasound, increases. 
Thus diffusion across the ECC may be an important route of 
oxygen supply to the embryo before the development of a func
tional placental circulation, but it w ill maintain the early fetus 
in a low-oxygen environment. This may serve to protect the fetal 
tissues from damage by O2 free radicals and may prevent disrup
tion of signaling pathways during the crucial stages of embryo- 
genesis and organogenesis. The presence in the ECC of molecules 
with a well-established antioxidant role— such as taurine, trans
ferrin, vitamins A and E, and selenium— supports this hypoth
esis. Associated with this, the low-oxygen environment may also 
favor the maintenance of “sternness” in embryonic and placental

stem cells. It is notable that the proliferative capacity of the 
placenta rapidly reduces at the end of the first trimester,30 which 
may reflect loss of growth factor stimulation from the endome
trial glands or the rise in intraplacental oxygen concentration.

Placental Metabolism and Growth
The critical function o f the placenta is illustrated by its high 
metabolic demands. For example, placental oxygen con
sumption equals that o f the fetus, and it exceeds the fetal rate 
when expressed on a weight basis (10 mL/min/kg).45 Glucose 
is the principal substrate for oxidative metabolism by placen
tal tissues. O f the total glucose leaving the maternal compart
ment to nourish the uterus and its contents, placental 
consumption may represent up to 70%. In addition, a signifi
cant fraction of placental glucose uptake derives from the fetal 
circulation. Although one third of placental glucose may be 
converted to the three-carbon sugar lactate, placental metabo
lism is not heavily anaerobic. Instead, because the placental 
tissues are not capable of metabolizing lactate, this may represent 
a mechanism by which energy resources can be protected for use 
by the fetal kidneys and liver. During the first trimester, activity 
is high in the polyol pathways.46

These phylogenetically old carbohydrate pathways enable 
nicotinamide adenine dinucleotide (NAD+) and nicotinamide 
adenine dinucleotide phosphate (NADP+) to be regenerated 
independent of lactate production and thereby permit glycolysis 
to be maintained under the low-oxygen conditions. Metabolo- 
mic profiling confirms that first-trimester tissues are not 
compromised energetically, and the ratio o f adenosine tri
phosphate (ATP) to adenosine diphosphate (ADP) is the 
same at 8 weeks o f gestation as it is at term. The factors that 
regulate short-term changes in placental oxygen and glucose 
consumption are uncertain at present, although in pregnancies 
at high altitudes, the placenta appears to spare oxygen for fetal 
use at the cost of increased placental utilization of glucose.

The regulation of placental growth is incompletely under
stood, although dramatic advances have recently been made in 
the study of imprinted genes. Such genes are expressed in a 
parent-of-origin manner: paternally expressed genes generally 
promote placental growth, whereas maternally expressed genes 
provide restraint. Approximately 100 imprinted genes have been 
identified at present; these are expressed in the placenta and also 
in the brain, where they regulate reproductive behaviors such as 
nest building. Imprinting is achieved through epigenetic mecha
nisms that are particularly sensitive to environmental factors 
such as hypoxia, maternal diet, and stress. Perturbations of 
imprinting therefore represent a possible mechanism linking 
extrinsic changes to alterations in placental differentiation and 
function.

Normal term placental weight averages 450 g, which rep
resents approximately one seventh (one sixth with cord and 
membranes) o f the fetal weight. Large placentae, either ultra- 
sonographically or at delivery, may prompt investigation into 
possible etiologies: increased placental size has been associated 
with maternal anemia, fetal anemia associated with erythrocyte 
isoimmunization, and hydrops fetalis secondary to fetal a -  
thalassemia with hemoglobin Bart’s. The association of a large 
placenta with maternal diabetes mellitus is also recognized, pos
sibly a result of insulin-stimulated mitogenic activity or enhanced 
angiogenesis. Enlarged placentae are also found in cloned animals, 
presumably because of defects in the expression of imprinted 
genes, and in animals in which specific gene products have been
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14 Section I Physiology

deleted. In humans, an increased ratio o f placental size to fetal 
weight is associated with increased morbidity for the off
spring, both in the neonatal period and subsequently.

An array of growth-promoting peptide hormones (factors) 
have been characterized in placental tissue at the protein and/or 
receptor levels. These include the insulin receptor, IGF-I and 
IGF-II, EGF, leptin, placental growth factor, placental growth 
hormone, placental lactogen, and a variety of cytokines and 
chemokines, each of which has been shown to play an important 
role in fetal/placental development. IGF-I and IGF-II are poly
peptides with a high degree o f homology to human proinsu
lin; both are produced within the placenta and in the fetus 
and mother, both circulate bound to carrier proteins, and 
they are 50 times more potent than insulin in stimulating 
cell growth. EGF increases RNA and DNA synthesis and cell 
multiplication in a wide variety of cell types. The integrated 
physiologic role of these and other potential placental growth 
factors in regulating placental growth remains to be fully defined; 
however, the development of null-mutation mouse models for 
IGF-I, IGF-II, IGF-Ir, and IGF-IIr— as well as for the EGF 
receptor—have provided evidence in this regard.47 Specifically, 
the EGF receptor appears important in placental development, 
as does IGF-II. Knockout of IGF-II results in diminished pla
cental size, whereas deletion of the H19 gene that regulates 
imprinting of the IGF-II clearance receptor results in an increase 
in placental size.

Conversely, exposure to chronic hypoxia at high altitudes, 
nutrient deprivation, infection, and malperfiusion due to 
deficient remodeling o f the spiral arteries all lead to a small 
placenta and fetal IUGR. Inhibition of protein synthesis 
through activation of the integrated stress response pathways, 
formerly referred to as endoplasmic reticulum stress or the unfolded 
protein response, and deactivation of the mTOR/AKT pathway 
appears to be a common feature in many cases.48 Translational 
arrest also appears to reduce complexes of the mitochondrial 
electron transport chain at the protein, but not mRNA, level 
at high altitudes, which renders ATP levels lower in these pla
centae compared with sea level controls.49 Modeling these 
changes in placental cell lines in vitro leads to a reduction in 
the rate of cell proliferation. Exposure to exogenous cortico
steroid may also result in diminished placental size and repre
sents another pathway through which stress and undernutrition 
may act.

Placental Transport
For the bulk of pregnancy, the chorioallantoic placenta is the 
major site of exchange of nutrients (including oxygen) and of 
waste products of fetal metabolism (including carbon dioxide) 
between mother and fetus. As described above, histotrophic 
nutrition occurs in early pregnancy, and the yolk sac probably 
contributes to the uptake of nutrients and their transport to the 
embryo. However, once blood flow to the IVS begins at around 
10 weeks of gestation, exchange across the barrier between 
maternal and fetal circulations within the villi will be predomi
nant, although there may be some limited transfer between 
maternal blood in the endometrium and the fluid of the amni- 
otic sac. As discussed below, many of the transport mechanisms 
required to effect exchange are present in the placenta by 10 
weeks, and these may be upregulated or downregulated through
out the rest of pregnancy to meet the requirements of fetal 
growth and homeostasis. The impact of perturbations of nutri
ent transport on fetal growth has recently been reviewed.50

FIG 1-6 Electron micrograph of human placenta demonstrates the cel
lular and extracellular components with which solutes must interact 
in moving from the maternal intervillous space (IVS) to the lumen 
of the fetal capillary (FC). BCM, basal cell membrane of the syncytio
trophoblast cell; CT, cytotrophoblast; FCE, fetal capillary endothelial 
cell; LIS, lateral intercellular space of fetal endothelial cell; MPM, 
microvillous plasma membrane of the syncytiotrophoblast; SC, syn
cytiotrophoblast. (Courtesy Kent L. Thornburg, PhD, Center for Devel
opmental Health, Oregon Health Science University, Portland.)

For a molecule to reach fetal plasma from maternal plasma 
and vice versa, it must cross the syncytiotrophoblast, the matrix 
of the villous core, and the endothelium of the fetal capillary 
(Fig. 1-6). The syncytiotrophoblast is the transporting epi
thelium and is considered to be the major locus o f exchange 
selectivity and regulation. However, both the matrix and 
endothelium will contribute to the properties o f the placenta 
as an organ o f exchange because both contribute to the thick
ness o f the barrier; they may also act as a size filter in that 
the finite width o f the space between the endothelial cells is 
likely to restrict the diffusion o f larger molecules.

The fact that the syncytiotrophoblast is a true syncytium, with 
no obvious intercellular or extracellular water-filled spaces, sug
gests that it forms a tight barrier. However, physiologic data 
suggest that this is not the case (see below). Nevertheless, regu
lated exchange most likely occurs predominantly across the two 
opposing plasma membranes, the microvillous (maternal facing) 
and basal (fetal facing) membranes.

Maternal-fetal exchange across the placenta may occur, 
broadly, by one o f four mechanisms: (1) bulk flow/solvent
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Chapter 1 Placental Anatomy and Physiology 15

drag, (2) diffusion, (3) transporter-mediated mechanisms, 
and (4) endocytosis/exocytosis.

Bulk Flow/Solvent Drag
Differences in hydrostatic and osmotic pressures between the 
maternal and fetal circulations within the exchange barrier 
drive water transfer by bulk flow, which drags along dis
solved solutes. These solutes are filtered as they move through 
the components of the barrier. Water movement may be via 
paracellular channels (see below) or across the plasma mem
branes. The latter may be enhanced by the presence of aquapo- 
rins, integral membrane proteins that form water pores in the 
plasma membrane.

Hydrostatic pressure gradients will be created by differences 
in maternal and fetal blood pressure and vascular resistances on 
the maternal and fetal sides of the placenta. Although the actual 
pressures are impossible to measure in vivo at this time, evidence 
suggests that they are lower in the IVS than in the fetal capil
laries. Because this would drive water from the fetus to the 
mother, which is incompatible with fetal growth, clearly a deficit 
exists in our knowledge and understanding; the assumptions 
involved in assessing the hydrostatic pressures could simply be 
wrong. On the other hand, fetal-maternal water transfer driven 
by hydrostatic pressures may be opposed, and exceeded by, 
maternal-fetal water transfer driven by osmotic pressure gradi
ents created by the active transport of solute to the fetus across 
the syncytiotrophoblast. These forces may well be altered as 
gestation proceeds. Altogether, this is an important area in which 
further research is required.

Diffusion
Diffusion o f any molecule occurs in both directions across 
any barrier. When a concentration gradient exists— and/or 
for charged species, an electrical gradient— one o f these uni
directional fluxes (rates o f transfer) is greater in one direction 
than it is in the other so that there is a net flux in one direc
tion. Net flux (Jnet) of solute across the placenta for an uncharged 
molecule may be described by an adaptation of Fick’s law of 
diffusion:

Jnet = (AD/l)(Cm — C f) moles/unit time

where A is the surface area of the barrier available for exchange, 
D is the diffusion coefficient in water of the molecule (smaller 
molecules will have a larger D), / is the thickness of the exchange 
barrier across which diffusion is occurring, Cm is the mean 
concentration of the molecule in maternal plasma, and C f is the 
mean concentration of solute in the fetal circulation.

Small, relatively hydrophobic molecules such as 0 2 and 
C 0 2 will diffuse rapidly across the plasma membranes o f the 
barrier, so their flux is dependent much more on the concen
tration gradients than on the surface area o f the barrier avail
able for exchange or the thickness o f the exchange barrier 
across which diffusion is occurring. Because this concentra
tion gradient is affected predominantly by the blood flows in 
both circulations, the diffusion o f such molecules is said to 
be flow limited. This explains why reductions in uterine or 
umbilical flow may result in fetal asphyxia and, consequently, 
growth restriction.

By contrast, hydrophilic molecules such as glucose and 
amino acids will not diffuse across plasma membranes easily; 
rather their concentration gradients are maintained, and flux

will be determined predominantly by barrier surface area and 
thickness. Flux of such “membrane-limited” molecules is not 
affected by blood flow unless blood flow is dramatically reduced, 
but it will be altered if  abnormal placental development results 
in reduced surface area of the barrier available for exchange or 
increased thickness of the barrier; evidence suggests that this 
occurs in idiopathic IUGR.27

In Fick’s equation, the term AD/l is equivalent to what is 
described as the permeability of a membrane. Measurements of 
the passive permeability of the placenta have been made in vivo51 
and in vitro^2 utilizing hydrophilic molecules that would be 
unlikely to be affected by blood flow and which are not sub
strates for transporter proteins. These measurements show that 
an indirect relationship exists between permeability and the 
molecular size o f the hydrophilic tracer. Such a relationship is 
explained, most simply, by the presence of extracellular water- 
filled channels, or pores, across the exchange barrier through 
which the molecules can diffuse. The existence of this “paracel
lular permeability pathway” has been controversial because of 
the syncytiotrophoblast being syncytial, with no obvious para
cellular channels. However, transtrophoblastic channels may be 
present that are not normally visible by electron microscopy. 
Furthermore, the areas of syncytial denudation that occur in 
every placenta may provide a route through which molecules 
may diffuse.52

Rates of transfer of hydrophobic molecules by flow-limited 
diffusion may change over gestation because, as described in 
previous sections, both uteroplacental and fetoplacental blood 
flows change. Changes in concentration— and for charged mol
ecules, changes in electrical gradients— between maternal and 
fetal plasma will also affect rates of transfer. Gestational changes 
do occur in the maternal and fetal plasma concentrations of 
solutes, and this affects driving forces. For example, glucose 
and amino acid concentrations in maternal plasma increase 
over gestation, which is due at least in part to the effects o f 
insulin resistance in pregnancy, and o f hormones such as 
human placental lactogen (hPL). If expressed across the pla
cental exchange barrier, a maternal-fetal electrical potential dif
ference (PDmf) will have an effect on the exchange of ions. In 
the human, the PDmf is small but significant between maternal 
and fetal circulations (—2.7 ± 0.4 mV fetus negative) in mid 
gestation53 and zero or close to it at term.54 A PD between the 
mother and the coelomic cavity has been measured in first- 
trimester pregnancies.55 No change was apparent in this PD 
value (8.7 ± 1 mV fetus negative) between 9 and 13 weeks’ 
gestation, which was somewhat higher than the PD across the 
syncytiotrophoblast (3 mV) measured using microelectrodes in 
term placental villi in vitro. The in vitro PD across the micro
villous membrane of human syncytiotrophoblast decreases 
between the early (median, —32 mV) and late first trimester 
(median, —24 mV), with a small subsequent fall at term 
(—21 mV). This suggests that as pregnancy progresses, the 
driving force for cation flux into the syncytiotrophoblast 
decreases, and for anions it increases.

Transporter Protein-Mediated Processes
Transporter proteins are integral membrane proteins that 
catalyze transfer o f solutes across plasma membranes at 
faster rates than would occur by diffusion. Transporter pro
teins are a large and diverse group o f molecules generally 
characterized by showing substrate specificity. That is, one 
transporter or class o f transporters will predominantly
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transfer one substrate or class o f substrates (e.g., amino acids) 
by having appropriate saturation kinetics (i.e., raising the 
concentration of a substrate solute will not infinitely increase the 
rate at which it is transferred on transporters) and by being 
competitively inhibitable (two structurally similar molecules 
will compete for transfer by a particular transporter protein). 
Transporter proteins are found most abundantly in the pla
centa in the microvillous and basal plasma membranes o f 
the syncytiotrophoblast. A detailed description of all these is 
beyond the scope of this chapter but may be found in work by 
Atkinson and colleagues.56 In overview, channel proteins form 
pores in the plasma membrane and allow diffusion o f ions 
such as K+ and Ca2+, and transporters allow facilitated diffu
sion down concentration gradients, such as the GLUT1 
glucose transporter. Exchange transporters, such as the Na+/ 
H+ exchanger involved in pH homeostasis o f the syncytiotro
phoblast and fetus, and cotransporters, such as the system-A 
amino acid transporter—which cotransports small hydro
philic amino acids such as alanine, glycine, and serine with 
Na+—require the maintenance o f an ion gradient through 
secondary input o f energy, often via Na+/K+ATPase. Finally, 
active transporters directly utilize ATP to transfer against 
concentration gradients; these include the Na+/K+ATPase 
and the Ca2+ATPase, which pumps Ca2+ across the basal 
plasma membrane from syncytiotrophoblast cytosol toward 
the fetal circulation.

Gestational changes in the flux of solutes through transporter 
proteins could result from changes in the number of transporters 
in each plasma membrane, their turnover (i.e., the rate of 
binding to and release from the transporter), or their affinity for 
solute as well as from changes in the driving forces acting on 
them, such as electrochemical gradients and ATP availability. A 
variety of evidence shows that such developmental changes do 
occur. Using the technique of isolating and purifying microvil
lous plasma membrane and radioisotopic tracers to measure 
transport rates in vesicles formed from these membranes, it has 
been shown that the Vraax of the Na+-dependent system-A amino 
acid transporter increases by about fourfold per milligram of 
membrane protein between the first trimester and term. The 
activity of the system-y+ cationic amino acid (e.g., arginine, 
lysine) transporter increases over gestation, whereas the activity 
of the system-y+L transporter decreases.57 This decrease in 
system-y+L activity is due to a decrease in the affinity of the 
transporter for substrate and is accompanied by an increased 
expression of 4F2hc monomer of the dimer protein.57 The 
reason for this decline is not known but could well be associated 
with a specific fetal need. Glucose transporter 1 (GLUT1) 
expression in microvillous membrane increases between the 
first trimester and term.18 Na+/H+ exchanger activity is lower 
in first-trimester microvillous membrane vesicles compared with 
that at term, a result borne out by studies on the intrasyncy- 
tiotrophoblast pH of isolated placental villi from these two 
stages in gestation. Interestingly, the expression of the NHE1 
isoform of this exchanger in the microvillous membrane does 
not change across gestation, but the expression of both of its 
NHE2 and NHE3 isoforms increases between weeks 14 and 18 
and term.5 In contrast, no difference is apparent in C l_/HCO3_ 
exchanger activity or, by Western blotting, expression of its AE1 
isoform between first trimester and term. Our understanding of 
how these gestational changes are regulated is currently sparse; 
studies in knockout mice suggest that hormones from the fetus 
such as IGF-II, which signals demand for the nutrients required

for growth, are important, but much further work is needed in 
this area.

Endocytosis/Exocytosis
Endocytosis is the process by which molecules become 
entrapped in invaginations o f the microvillous plasma mem
brane o f the syncytiotrophoblast, which eventually pinch off 
and form vesicles within the cytosol. Such vesicles may diffuse 
through the intracellular compartment, and if they avoid fusion 
with lysosomes, they eventually fuse with the basal plasma 
membrane and undergo exocytosis, releasing their contents into 
the fetal milieu. Evidence suggests that immunoglobulin G 
(IgG) and other large proteins may cross the placenta by 
this mechanism.56 60 Specificity and the ability to avoid lyso
somal degradation during the endocytosis phase may be pro
vided by the presence of receptors for IgG in the microvillous 
membrane invaginations and vesicles. However, this mechanism 
of transfer and its gestational regulation, if  any, is still not well 
understood.

A Selective Barrier
In addition to facilitating maternal-fetal transfer, the placenta 
also acts as a selective barrier that prevents certain substances 
and maternal hormones from either crossing to the fetus or 
crossing in an active form. Members of the multidrug-resistance 
protein (MRP) family, the breast-cancer-resistant protein 
(BCRP), and P-glycoprotein are present on the apical surface of 
the syncytiotrophoblast and in the endothelium of the villous 
capillaries at term. These transporters mediate the efflux of a 
wide range of anionic and cationic organic compounds in an 
ATP-dependent manner, and their expression at the mRNA 
level shows a general increase toward term. Within the syncy- 
tioplasm are a range o f cytochrome P450 (CYP) enzymes. 
Although more restricted than in the liver, placental CYP- 
mediated metabolism is capable o f detoxifying several drugs 
and foreign chemicals. Alcohol dehydrogenase is also present, 
along with glutathione transferase and N-acetyltransferase. This 
combination of efflux transporters and defensive enzymes pro
vides a degree of protection to the fetus against exposure to 
potentially noxious xenobiotics, although many drugs and 
chemicals can still cross and act as teratogens.

The syncytiotrophoblast also expresses the enzyme 11-(3- 
hydroxysteroid dehydrogenase 2 (11(3-HSD2), which oxidizes 
maternal cortisol into the inactive metabolite, cortisone. This 
process allows the fetal hypothalamic-pituitary-adrenal (HPA) 
axis to develop in isolation from maternal cortisol and also 
protects the fetal tissues against the growth-inhibitory effects 
of corticosteroids. However, the activity of placental 11 [3-HSD2 
can be perturbed in pathologic pregnancies associated with 
growth restriction, and raised fetal levels of cortisol may 
contribute to the developmental programming of organ 
systems.

Substance-Specific Placental Transport 
Respiratory Gases
The transfer o f the primary respiratory gases, oxygen and 
carbon dioxide, is likely to be flow limited. Thus, the driving 
force for placental gas exchange is the partial pressure gradi
ent between the maternal and fetal circulations. Early in 
gestation, the human embryo develops in a low-oxygen envi
ronment. Such an environment appears to be necessary for 
the avoidance o f teratogenesis and the maintenance o f stem
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cell populations. After about week 10 of gestation, the placenta 
becomes important as a respiratory organ. Indeed, estimates of 
human placental diffusing capacities predict that the placenta’s 
efficiency as an organ of respiratory gas exchange allows equilib
rium of oxygen and carbon dioxide between the maternal IVS 
and the fetal capillaries. However, this prediction varies from the 
observed 10 mm Hg difference in oxygen tension between the 
umbilical and uterine veins and between the umbilical vein and 
IVS. By contrast, the PCO2 difference from the umbilical to the 
uterine vein is small (3 mm Hg). PO2 differences could be 
explained by areas of uneven distribution of maternal-to-fetal 
blood flows or shunting; this limits fetal and maternal blood 
exchange, a process that may be an active one, as in the lung. 
The most important contribution, however, is likely the high 
metabolic rate of the placental tissues. Thus trophoblast cell 
O2 consumption and CO2 production lower umbilical vein O2 
tension and increase uterine vein CO2 tension to a greater degree 
than could be explained by an inert barrier for respiratory gas 
transfer.

The arteriovenous difference in the uterine circulation and 
the venoarterial difference in the umbilical circulation widen 
during periods of reduced blood flow. Proportionate O2 uptake 
increases and O2 consumption remains unchanged over a 
fairly wide range o f blood flows. Thus both uterine and 
umbilical blood flows can fall significantly without decreas
ing fetal O2 consumption.1 1 Conversely, unilateral umbilical 
artery occlusion is associated with significant fetal effects.

Carbon dioxide is carried in the fetal blood both as dis
solved carbon dioxide and as bicarbonate. Because o f its 
charged nature, fetal to maternal bicarbonate transfer is 
limited. However, CO2 likely diffuses from fetus to mother 
in its molecular form, and [HCO3_] does not contribute sig
nificantly to fetal CO2 elimination.

Glucose
Placental permeability for D-glucose is at least 50 times 
greater than the value predicted on the basis o f size and lipid 
solubility. Specific transporter proteins of the GLUT family are 
present on both the microvillous and basal membranes of the 
syncytiotrophoblast, although they are at greater density in 
the former. ̂  This distribution may provide additional uptake 
capacity to meet the metabolic demands of the syncytium. 
The primary human placental glucose transporter is GLUT1, 
a sodium-independent facilitated transporter, unlike the 
sodium-dependent transporters found in the adult kidney 
and intestine. This transporter is not insulin sensitive. Placental 
GLUT1 can be saturated at high substrate concentrations; 50% 
saturation is observed at glucose levels of approximately 5 mM 
(90 mg/dL). Thus glucose transfer from mother to fetus is not 
linear, and transfer rates decrease as maternal glucose concentra
tions increase. This effect is reflected in fetal blood glucose levels 
following maternal sugar loading. Modification o f transporter 
expression within the placenta also occurs in response to 
maternal diabetes. In this setting, GLUT1 expression is thought 
to increase on the rate-lim iting basal membrane, while it remains 
constant on the maternal-facing microvillous membrane.62 
Alterations in transporter expression may also depend on gesta
tional stage (e.g., early in pregnancy, GLUT4 may be present 
within the placenta) and maternal nutrition/placental blood 
flow. A third transporter, GLUT3, has also been noted in the 
fetal-facing placental endothelium. Its presence within the syn
cytiotrophoblast remains controversial.

Amino Acids
Amino acid concentrations are generally higher in fetal 
umbilical cord plasma than in maternal plasma. Like mono
saccharides, amino acids enter and exit the syncytiotrophoblast 
via specific membrane transporter proteins. These proteins 
allow amino acids to be transported against a concentration 
gradient into the syncytiotrophoblast, and subsequently—if  not 
directly— into the fetal circulation.

Multiple class-specific transporter proteins mediate 
neutral, anionic, and cationic amino acid transport into the 
syncytiotrophoblast. These include both sodium-dependent 
and sodium-independent transporters.63 In many cases, amino 
acid entry is coupled to sodium in cotransport systems located 
at the microvillous membrane facing the maternal IVS; the 
system-A amino acid transporter— for which glycine, alanine, 
and serine are substrates— is a good example of such a cotrans
port system. As long as an inwardly directed sodium gradient 
is maintained, trophoblast cell amino acid concentrations will 
exceed maternal blood levels. The sodium gradient is main
tained by Na+/K+ATPase located on the basal or fetal side 
of the syncytiotrophoblast. In addition, high trophoblast 
levels o f amino acids transported by sodium-dependent 
transporters can “drive” uptake o f other amino acids via 
transporters that function as “exchangers” (Fig. 1-7).63 Exam
ples of these include A SCT l and y+LAT/4F2HC. Still other 
transporters function in a sodium-independent fashion. Indi
vidual amino acids may be transported by single or multiple 
transport proteins, and transport systems have been defined in 
human placenta. A list of the transporters and their changes in 
IUGR is found in Table 1-1).

SN A! 1 and SNAT2, sodium-dependent transporters with 
activity localized on both the microvillous and basal membranes 
of the syncytiotrophoblast, are responsible for the system-A 
transporter activity of the neutral amino acids described above. 
SNAT4, with similar substrate specificity, is present early in 
gestation. Other sodium-dependent transport activities localized

FIG 1-7 Pathways for sodium entry into the syncytiotrophoblast and 
exit to the fetal circulation. ATP, adenosine triphosphate. (Data from 
references 101-104.)
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18 Section I Physiology

TABLE 1-1 CHANGES IN ACTIVITY OF TRANSPORTER 
PROTEINS IN THE MICROVILLOUS AND 
BASAL PLASMA MEMBRANES OF 
PLACENTAE FROM PREGNANCIES 
COMPLICATED BY INTRAUTERINE 
GROWTH RESTRICTION*

TRANSPORTER MVM BM REFERENCE

System A Decreased No change 91
System L (leucine) Decreased Decreased 92
System y+/y+L No change Decreased 57, 92

(arginine/lysine)
System p Decreased No change 93
Na+-independent No change Decreased 93, 94

taurine
GLUT1 No change No change 91, 95
Na+/K+ATPase Decreased No change 96
Ca2+ATPase Not present Increased 97
Na+/H+ exchanger Decreased Activity not 98

H+/lactate No change
present

Decreased 99

*Compared with normal pregnancies.
ATPase, adenosine triphosphatase; BM, basal membrane; MVM, microvillous membrane.

to the microvillous membrane include that for [3-amino acids 
such as taurine (TauT) and perhaps glycine transport via system 
GLY. Sodium-independent transporters that mediate neutral 
amino acid transfer on the microvillous membrane include 
system L (LAT-1, 2/4F2HC), which exhibits a high affinity 
for amino acids with bulky side chains such as leucine, and 
y+LAT/4F2HC, which is capable of transporting both neutral 
and cationic amino acids such as lysine and arginine. The afore
mentioned transporters are heterodimeric and require the com
bination of two distinct proteins with the cell membrane for 
transport to occur. Cationic amino acids may also be transported 
by the sodium-independent transport protein CAT1, whereas 
anionic amino acids (glutamate, aspartate) are transported by 
the sodium-dependent transport proteins KAAT1 through 
EAAT4. Basal membrane transport activities are similar; however, 
a predominance of sodium-independent transport and exchange 
(e.g., A SC T l) allows flow of amino acids down their concentra
tion gradients into the fetal endothelium/blood space. Although 
less is known regarding transfer into and out of the fetal 
endothelium—which, for the most part, abuts the syncytiotro
phoblast basal membrane—available studies have verified that 
these cells also have a complement of amino acid transport 
proteins.

As implied earlier, more than one protein may mediate each 
transport activity within a single tissue. Examples include 
EAAT1 through EAAT5, associated with sodium-dependent 
anionic amino acid transfer; CATI, CAT2, and CAT2a, associ
ated with system-y+ activity; and SNAT1, SNAT2, and SNAT4, 
associated with sodium-dependent transfer of small neutral 
amino acids. The reasons that underlie this duplication within 
the placenta are unclear, but they are more pronounced than 
in any other organ with the possible exception o f the central 
nervous system. Certainly, as is the case for the anionic amino 
acid transporters EAAT1 through EAAT5, differential distribu
tion within various tissue elements plays a role. Differential 
regulation within single cell types is another likely reason. In 
isolated trophoblast cells, system-A activity (sodium-dependent 
transfer of small neutral amino acids) is upregulated by the 
absence of amino acids partially because of an increase in carrier

affinity. Conversely, increases in trophoblast amino acid concen
trations may suppress uptake (transinhibition). These mecha
nisms serve to maintain constant trophoblast cell amino acid 
levels during fluctuations in maternal plasma concentrations. 
Insulin has also been shown to upregulate this transport 
activity, as has IGF-I.

The coordination between placental/fetal metabolism and 
amino acid transfer is illustrated by the anionic amino acids 
glutamate and aspartate, which are poorly transported from 
mother to fetus. Glutamate, however, is produced by the fetal 
liver from glutamine and is then taken up across the basal 
membrane o f the placenta. W ithin the placenta, the majority 
o f glutamate is metabolized and utilized as an energy source. 
As a result, sodium-dependent anionic amino acid transfer activ
ity is of particular importance on the basal membrane, as is 
system-ASC (A SC T l) activity, which is responsible for the 
uptake of serine— also produced by the fetal liver— into the 
placenta.

Lipids
Esterified fatty acids (triglycerides) are present in maternal serum 
as components of chylomicrons and very-low-density lipopro
teins (VLDLs). Before transfer across the placenta, lipoprotein 
lipase interacts with these particles and releases free fatty acids, 
which are relatively insoluble in plasma and circulate bound to 
albumin owing to their hydrophobic nature. As a result, fatty 
acid transfer involves dissociation from maternal protein and 
subsequent association with placental proteins, first at the 
plasma membrane (FABPpm) and then after transfer into the 
cell (thought to be via FAT/CD36 and FATP) with intracyto- 
plasmic binding proteins. Transfer out of the syncytiotropho
blast is less well understood but is thought to occur via interaction 
with FAT/CD36 and FATP, which are present at both the micro
villous and basal membrane surfaces. Subsequently, interaction 
with fetal plasma proteins occurs. Placental fatty acid uptake is 
in part regulated by peroxisome proliferator-activated receptor 
y  (PPARy) and retinoid X receptor (RXR). In turn, long-chain 
polyunsaturated fatty acids (PUFAs) taken up by the placenta 
can be metabolized into PPAR ligands, thus affecting the expres
sion of an array of placental genes, including those that influence 
fatty acid metabolism and transfer. Fatty acids may also be 
oxidized within the placenta as a source o f energy. Although 
precise interactions and mechanisms remain uncertain, it is clear 
that lipid uptake is of profound importance to fetal develop
ment. Targeted deletion of the gene encoding FATP4 (Slc27a4), 
found within the placenta, results in fetal lethality.64

Early studies documented that placental fatty acid transfer 
increases logarithmically with decreasing chain length (C l6 to 
C8) and then declines somewhat for C6 and C4. However, more 
recent work has clarified the fact that essential fatty acids are, 
in general, transferred more efficiently than are nonessential 
fatty acids.65 O f these, docosahexaenoic acid seems to be trans
ferred more efficiently than arachidonic acid; oleic acid is trans
ferred least efficiently. As in the case of amino acids discussed 
earlier, the fetus is significantly enriched in long-chain PUFAs 
compared with the mother. Such selectivity may also relate to 
the composition of triglycerides in maternal serum because lipo
protein lipase preferentially cleaves fatty acids in the two posi
tions. In general, fatty acids transferred to the fetus reflect 
maternal serum lipids and diet. Placental fatty transfer has 
been recently reviewed.6 Evidence also suggests that the pla
cental secretion o f leptin, a hormone generally secreted by
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Chapter 1 Placental Anatomy and Physiology 19

adipocytes, may promote maternal lipolysis, thus providing 
both placenta and fetus the means by which to ensure an 
adequate lipid supply. Another possible mechanism by which 
lipids may be excreted from the placenta involves the synthesis 
and secretion of apolipoprotein (apo) B-containing lipopro
teins. The relative importance of this pathway in the human 
placenta is unclear. Placental uptake and excretion of cholesterol 
is discussed in the section on receptor-mediated endocytosis.

Water and Ions
Water transfer from mother to fetus is determined by a 
balance o f osmotic, hydrostatic, and colloid osmotic forces 
at the placental interface. Calculation of osmotic pressure from 
individual solute concentrations is unreliable because osmotic 
pressure forces depend on the membrane permeability to each 
solute. Thus sodium and chloride, the principal plasma solutes, 
are relatively permeable across the placenta and would not be 
expected to contribute important osmotic effects. As a result, 
although human fetal plasma osmolality is equal to or greater 
than maternal plasma osmolality, these measured values do not 
reflect the actual osmotic force on either side of the mem
branes.66 Coupled with findings that hydrostatic pressure may 
be greater in the umbilical vein than in the IVS, these data do 
not explain mechanisms for fetal water accumulation. Alterna
tively, colloid osmotic pressure differences and active solute 
transport probably represent the main determinants o f net 
water fluxes— approximately 20 mL/day. It is likely, however, 
given the large (3.6 L/hr) flux o f water between mother and 
fetus that more active mechanisms, including perhaps con
trolled changes in end-vessel resistance, play a significant 
role. In fact, water flux occurs through both transcellular and 
paracellular pathways. Water channels (aquaporins 1, 3, 8, and 
9) have been identified within the placenta, but their roles rela
tive to water flux within the fetal placental unit have not been 
discerned.

In comparison to other epithelia, the specialized placental 
mechanisms for ion transport are incompletely understood. 
Multiple mechanisms o f sodium transport exist in syncytio
trophoblast membranes (see Fig. 1-7). The maternal-facing 
microvillous membrane contains, at a minimum, 1) multiple 
amino acid cotransporters; 2) a sodium phosphate cotransporter, 
in which two sodium ions are transported with each phosphate 
radical; 3) a sodium-hydrogen ion antiport that exchanges one 
proton for each sodium ion that enters the cell; and 4) other 
nutrient transporters. In addition, both sodium and potassium 
channels have been described. A membrane potential with the 
inside negative (—30 mV) would promote sodium entry from 
the IVS, and this probably exists.6 The fetally directed basal side 
of the cell contains the Na+/K+ATPase. The microvillous or 
maternal-facing trophoblast membrane has an anion exchanger 
(AE1) that mediates chloride transit across this membrane in 
association with CP conductance pathways (channels) present 
in both the microvillous and basal membranes.68 Paracellular 
pathways also play an important role. The integration and regu
lation of these various mechanisms for sodium and chloride 
transport from mother to fetus is not completely understood; 
however, accumulating evidence suggests that mineralocorti- 
coids may regulate placental sodium transfer. Further, sodium- 
hydrogen exchange, mediated by multiple members of the 
NHE family (NHE1, NHE2, and NHE3), is regulated both 
over gestation and in response to IUGR, as is expression of 
Na+/K+ATPase.

Calcium
Calcium is an essential nutrient for the developing fetus, and 
ionized calcium levels are higher in fetal than in maternal 
blood. Higher fetal calcium levels are due to a syncytiotro
phoblast basal membrane ATP-dependent Ca2+ transport 
system that exhibits high affinity (nanomolar range) for 
calcium. Indeed, analogous to amino acid and sodium-hydrogen 
exchange proteins, multiple isoforms of the plasma membrane 
calcium ATPase (PMCAs 1 through 4) are expressed within the 
placenta69; the placental expression of PMCA3 has been linked 
to intrauterine bone accrual. Sodium-calcium exchange (NCX) 
proteins may also play a role in the extrusion of calcium from 
the trophoblast— again, multiple isoforms are expressed within 
the placenta. A variety of calcium channels have been identified 
in both the apical and basal membranes; TRPV6 plays a signifi
cant role in calcium uptake into the syncytiotrophoblast.69 Intra
cellular calcium is bound by multiple calcium-binding proteins, 
which have been identified within the placenta; these include 
CaBP9k, CaBP28k, CaBP57k, oncomodulin, S-100P, S-100a, 
and S -100(3. CaBP9k in particular is thought to have a regula
tory and perhaps rate-lim iting role. Calcium transport across the 
placenta is increased by the calcium-dependent regulatory 
protein calmodulin, regulated by 1,25 dihydroxycholecalciferol, 
calcitonin, parathyroid hormone-related protein, and parathy
roid hormone.

Placental Nutrient Supply and Intrauterine 
Growth Restriction
The term p la cen ta l insu fficiency has been used as a cause of IUGR 
but has been poorly understood until recently. It is often taken 
as being synonymous with redu ced  uteroplacental b lood  f lo w  or 
reduced  um bilica l b lood  flow . Doppler measurements of such 
blood flows have been of assistance in diagnosing and assessing 
the severity of IUGR but are limited in value.71’ It is now clear 
that other variables that determine the capacity of the placenta 
to supply nutrients may also contribute to IUGR. For example, 
in IUGR, the surface area o f the exchange barrier is decreased 
and its thickness decreased,' and such changes are likely to 
markedly decrease the passive permeability of the placenta. Fur
thermore, considerable evidence now shows that the activity 
and expression o f transporter proteins in the syncytiotropho
blast is altered in IUGR. 1,72 The reported data are summarized 
in Table 1-1. As can be seen, activity of several transporters 
decrease, at least one increases, and others show no change at 
all. This variation in response could reflect whether a change in 
the placenta is causative in IUGR (e.g., the decrease in system-A 
amino acid transporter activity) or compensatory (e.g., the 
increase in Ca2+ ATPase activity) and could also reflect differen
tial regulation of the transporters. Understanding these placental 
phenotypes of IUGR may well give clues to novel means of 
diagnosing and even treating the condition.

Vasomotor Control of the 
Umbilicoplacental Circulation
The placenta represents an extensive extracorporeal vascular 
bed that must be perfused by the fetal heart. In addition, for 
efficient exchange, flow in the maternal and placental circula
tions must be matched as closely as possible. Hence, there 
must be local control o f vascular resistance within the fetal 
placental vascular bed. The principal resistance vessels in the 
placental circulation are the muscular arteries contained within 
the stem villi. In the absence of any nerves within the placenta,
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20 Section I Physiology

vasomotor control must be performed by local paracrine 
factors. Nitric oxide, carbon monoxide, and hydrogen sulfide 
have been identified as having powerful vasodilatory effects.
It is thought that under normal conditions, the villous vascular 
bed is fully dilated, and it might constrict under hypoxic condi
tions to redistribute flow to better perfused areas of the placenta, 
analogous to the situation in the lung. It is notable that expres
sion of the enzyme cystathionine y-lyase, which synthesizes 
hydrogen sulfide, is reduced in the smooth muscle that sur
rounds the resistance arteries in growth-restricted placentae that 
display abnormal umbilical artery Doppler waveforms, 1 which 
suggests it plays an important physiologic role.

Placental Endocrinology
The human placenta is an important endocrine organ. It signals 
the presence of the conceptus to the mother in early pregnancy 
and optimizes the intrauterine environment and maternal physi
ology for the benefit of fetal growth. Two major groups o f 
hormones are produced: the steroid hormoties, progesterone 
and the estrogens, and peptide hormones, such as human 
chorionic gonadotropin (hCG) and hPL. All are predomi
nantly synthesized in the syncytiotrophoblast, and although the 
synthetic pathways have been generally elucidated, the factors 
that regulate secretion are still largely unknown. During early 
pregnancy, the hormones increase maternal food intake and 
energy storage, whereas later they mobilize these resources for 
use by the fetus.

Progesterone
During the first few weeks o f pregnancy, progesterone is 
mainly derived from the corpus luteum; gradually, as the 
placental mass increases, this organs contribution becomes 
dominant with the production o f around 250 mg/day of 
progesterone. The corpus luteum regresses at around 9 weeks, 
and at that stage, it is no longer essential for the maintenance 
o f a pregnancy.

Placental synthesis of progesterone begins with the conversion 
of cholesterol to pregnenolone, as in other steroid-secreting 
tissues. Placental tissues are poor at synthesizing cholesterol, and 
so they utilize maternal cholesterol derived from low-density 
lipoproteins (LDLs) taken up in coated pits on the surface of 
the syncytiotrophoblast. Conversion of cholesterol to pregneno
lone occurs on the inner aspect of the inner mitochondrial 
membrane, catalyzed by cytochrome P450scc (CYP11A1), and 
in other steroidogenic tissues, the delivery of cholesterol to this 
site is the principal rate-limiting step in progesterone synthesis. 
There, delivery is facilitated by the steroidogenic acute regulatory 
(StAR) protein, which binds and transports cholesterol, but this 
protein is not present in the human placenta.'4 Instead, a homo- 
logue, MLN64, may carry out a similar function; freshly isolated 
cytotrophoblast cells appear to contain concentrations of cho
lesterol that are near saturating for progesterone synthesis, which 
indicates that supply of the precursor is not rate lim iting.75 Side- 
chain cleavage requires molecular oxygen, but it is unclear 
whether the conditions that prevail during the first trimester are 
rate lim iting. The rate of production of pregnenolone from 
radiolabeled cholesterol by placental homogenates in vitro 
increases throughout the first trimester, and both the concentra
tion and activity of P450scc increase in placental mitochondria 
from the first trimester to term. These changes, coupled with the 
expansion of the syncytiotrophoblast, most likely account for 
the increase in progesterone synthesis observed.

Side-chain cleavage also requires a supply of electrons, and 
this is provided by nicotinamide adenine dinucleotide phos
phate (NADPH) through a short electron transport chain in the 
mitochondrial matrix that involves adrenodoxin reductase and 
its redox partner adrenodoxin. Preliminary studies in Tuckey’s7,1 
laboratory suggest that the transport of electrons to P450scc is 
rate lim iting for the enzyme’s activity at mid pregnancy, and so 
further research on the factors that regulate expression and activ
ity of adrenodoxin reductase during gestation is clearly needed.

The resultant pregnenolone is then converted to progesterone 
by the enzyme type 1 3(3-hydroxysteroid dehydrogenase (3(3- 
HSD), principally in the mitochondria. The activity of 3P-HSD 
in placental tissues is significantly higher than that of cyto
chrome P450scc, and so this step is unlikely to ever be rate 
lim iting for the production of progesterone. Once secreted, the 
principal actions o f the hormone are to maintain quiescence 
o f the myometrium, although it may have immunomodula
tory and appetite stimulatory roles as well. In addition, our 
new data on the importance of histotrophic nutrition during the 
first few weeks of pregnancy suggest that progesterone may be 
essential to maintain the secretory activity o f the endometrial 
glands.

Estrogens
The human placenta lacks the enzymes required to synthesize 
estrogens directly from acetate or cholesterol, and so it uses 
the precursor dehydroepiandrosterone sulfate (DHEAS) sup
plied by the maternal and fetal adrenal glands in approxi
mately equal proportions near term. Following uptake by the 
syncytiotrophoblast, DHEAS is hydrolyzed by placental sulfa- 
tase to dehydroepiandrosterone (DHEA), which is further con
verted to androstenedione by 3|3-HSD. Final conversion to 
estradiol and estrone is achieved by the action of P450 cyto
chrome aromatase (P450arom; CYP19), which has been immu- 
nolocalized to the endoplasmic reticulum. The syncytiotrophoblast 
can also utilize 16-OH DHEAS produced by the fetal liver, 
converting this to 16a-O H  androstenedione through the action 
of 3(3-HSD and then to estriol through the action of P450arom. 
Because approximately 90% of placental estriol production is 
reliant on fetal synthesis of the precursor 16-OH DHF1AS, 
maternal estriol concentrations have, in the past, been taken 
clinically as an index of fetal well-being.

Although the synthesis of estrogens can be detected in placen
tal tissues during the early weeks of gestation, secretion signifi
cantly increases toward the end of the first trimester. By 7 weeks’ 
gestation, more than 50% of maternal circulating estrogens are 
of placental origin. Recent analysis of the transcriptional regula
tion of the CYP19A1 gene has shown it to be oxygen responsive 
through a novel pathway that involves the basic helix-loop-helix 
transcription factor MASH-2.76 Production of MASH-2 is 
increased under physiologically low-oxygen conditions and leads 
to repression of CYP19A1 gene expression. Hence the change in 
oxygenation that occurs at the end of the first trimester may 
stimulate placental production of estrogens.

Human Chorionic Gonadotropin
Human chorionic gonadotropin (hCG) is secreted by the 
trophoblast at the blastocyst stage and can be detected in 
the maternal blood and urine approximately 8 to 10 days 
after fertilization. Its principal function is to maintain the 
corpus luteum until the placenta is sufficiently developed to 
take over production o f progesterone. It is a heterodimeric
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glycoprotein (approximately 38,000 Da) that consists of a  and 
(3 subunits and is principally derived from the syncytiotropho
blast. The a  subunit is common to that o f thyroid-stimulating 
hormone (TSH), luteinizing hormone (LH), and follicle- 
stimulating hormone (FSH) and is encoded by a single gene 
located at chromosome 6 q l2 -21 . It is the (3 subunit that 
determines the biologic specificity o f hCG, and this evolved 
by a duplication event at the LHB gene locus. Mapping has 
revealed that in the human, six copies of the CGB gene are 
located together with a single copy of the LHB gene at chromo
some 19p 13.3. Polymerase chain reaction (PCR)-based tech
niques have revealed that at least five of the genes, and possibly 
all six, are transcribed in vivo during normal pregnancy. Most 
of the steady-state hCG(3 mRNAs are transcribed from CGB 
genes 5, 3, and 8 but with the levels of expression being (35 > 
(33 = (38 > (37, (31 /2. The (3 subunits of LH and hCG share 
85% amino acid sequence homology and are functionally inter
changeable. One of the principal differences between the two is 
the presence of a 31-am ino acid carboxyl-terminal extension 
in hCG(3 compared with a shorter 7-am ino acid stretch in 
LH(3. This extension is hydrophilic, contains four O-glycosylated 
serine residues, and is thought to act as a secretory routing signal 
that targets release of hCG from the apical membrane of the 
syncytiotrophoblast.

Assembly of hCG involves a complex process of folding, in 
which a strand of 20 residues of the (3 subunit is wrapped around 
the a  subunit, and the two are secured by a disulfide bond. 
Combination of the subunits occurs in the syncytiotrophoblast 
prior to the release of intact hCG, and because only limited 
storage exists in cytoplasmic granules, secretion is largely thought 
to reflect de novo synthesis. Oxidizing conditions promote com
bination of the subunits in vitro, most likely through their 
effects on the disulfide bond, and so the wave of physiologic 
oxidative stress observed in placental tissues at the transition 
from the first to second trimesters7 may influence the pattern of 
secretion in vivo.

Concentrations o f the hCG dimer in maternal blood rise 
rapidly during early pregnancy, peak at 9 to 10 weeks, and 
subsequently decline to a nadir at approximately 20 weeks. 
The physiologic role o f the hCG peak is unknown, and the 
serum concentration far exceeds that required to stimulate 
LH receptors in the corpus luteum. In any case, the corpus 
luteum is coming to the end o f its extended life, and so the 
peak may therefore merely reflect other physiologic events. 
Production of the (3 subunit follows the same pattern, whereas 
the maternal serum concentration of the a  subunit continues to 
rise during the first and second trimesters. Synthesis o f the (3 
subunit is therefore considered to be the rate-limiting step. 
Early experiments that used primary placental cultures revealed 
that cyclic adenosine monophosphate (cAMP) plays a key role 
in the biosynthesis of both subunits, and subsequent work 
showed it to increase both the transcription and the stability of 
the a -  and (3-mRNAs. The kinetics were different for the two 
subunits, however, which suggests that the effect occurs through 
separate pathways or transcription factors. Possible regulatory 
elements within the CX and (3 genes were extensively reviewed by 
Jameson and Hollenberg.78

Another theory that has been proposed is that intact hCG 
may modulate its own secretion in an autocrine/paracrine 
fashion through the LH/hCG receptor.79 This G protein- 
coupled receptor has been identified on the syncytiotrophoblast 
of the mature placenta and contains a large extracellular domain

that binds intact hCG with high affinity and specificity. However, 
during early pregnancy, the receptors in the placenta are 
truncated and probably functionless until 9 weeks. Hence, in 
the absence of self-regulation, maternal serum concentrations 
of hCG may rise steeply, until the expression of functional 
LH/hCG receptors on the syncytiotrophoblast toward the end 
of the first trimester brings it under control. Reduced synthesis 
of the functional receptor may underlie the raised serum con
centrations of hCG that characterize cases of Down syndrome 
(trisomy 2 1).80

In addition to changes in the rate of secretion, hCG also 
exhibits molecular heterogeneity in both its protein and carbo
hydrate moieties; also, the ratio of the different isoforms secreted 
changes with gestational age. For the first 5 to 6 weeks of gesta
tion, hyperglycosylated isoforms of the (3 subunit predominate 
(hCG-H), resembling the pattern seen in choriocarcinoma.81 
These isoforms are particularly released by extravillous tropho
blast, and they stimulate invasion through autocrine/paracrine 
pathways rather than having traditional endocrine activity. 
Reduced levels o f hCG-H in the maternal serum have been 
linked with miscarriage and poor obstetric outcome,81 and 
they may reflect impaired development o f the extravillous 
trophoblast. This in turn would lead to deficient spiral artery 
remodeling. In normal pregnancies, these hyperglycosylated 
isoforms decline after the first trimester and are replaced by those 
that predominate for the remainder of the pregnancy. M idtri
mester maternal concentrations of hCG were also found to be 
raised in a retrospective study of early-onset preeclampsia,82 and 
recently a link between the serum concentration and the severity 
of maternal oxidative stress has been reported.83 These data 
reinforce the putative link between the secretion of hCG and 
the redox status of the trophoblast.

Placental Lactogen
Human placental lactogen (hPL), also known as chorionic 
somatotropin, is a single-chain glycoprotein (22,300 Da) 
that has a high degree o f amino acid sequence homology with 
both human growth hormone (96%) and prolactin (67%).
Therefore it has been suggested that the genes that encode all 
three hormones arose from a common ancestral gene through 
repeated gene duplication. Thus hPL has both growth- 
promoting and lactogenic effects, although the former are of 
rather low activity. The hormone is synthesized exclusively in 
the syncytiotrophoblast and is secreted predominantly into 
the maternal circulation, where it can be detected from the 
third week o f gestation onward. Concentrations rise steadily 
until they plateau at around 36 weeks of gestation, at which time 
the daily production rate is approximately 1 g. ITie magnitude 
of this effort is reflected by the fact that at term, production of 
hPL accounts for 5% to 10% of total protein synthesis by pla
cental ribosomes, and the encoding mRNA represents 20% of 
the total placental mRNA.

Little is known regarding the control of hPL secretion in vivo, 
and maternal concentrations correlate most closely with placen
tal mass. Evidence suggests that calcium influx into the syncy
tiotrophoblast or an increase in the external concentration in 
albumin can cause the release of hPL from placental explants in 
vitro, and this does not appear to be mediated by activation of 
the inositol phosphate, cAMP, or cyclic guanosine monophos
phate (cGMP) pathways.

The actions o f hPL are well defined, both as an appetite 
stimulant and for its effects on maternal metabolism. It
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promotes lipolysis, which increases circulating free fatty acid 
levels, and in the past it was also thought to act as an insulin 
antagonist, thereby raising maternal blood glucose concen
trations. However, it is now thought that placental growth 
hormone is more important in this respect. Placental lacto
gen also promotes growth and differentiation o f the mammary 
glandular tissue in anticipation o f lactation.

Placental Growth Hormone
Placental growth hormone (PGH) is expressed from the hGH-V 
gene GH2, which is in the same cluster as CSH1, and it differs 
from pituitary growth hormone by only 13 amino acids.84 PGH 
is secreted predominantly by the syncytiotrophoblast into the 
maternal circulation in a nonpulsatile manner and cannot be 
detected in the fetal circulation. Between 10 and 20 weeks of 
gestation, PGH gradually replaces pituitary growth hormone, 
which then becomes undetectable until term. In contrast to 
hPL, PGH has high growth-promoting but low lactogenic 
activities.

Secretion of PGH is not modulated by growth-hormone 
releasing hormone but rather appears to be rapidly suppressed 
by raised glucose concentrations both in vivo and in vitro.84 
Through its actions on maternal metabolism, PGH increases 
nutrient availability for the fetoplacental unit and promotes 
lipolysis and also gluconeogenesis. It is also one o f the key 
regulators o f maternal insulin sensitivity and IGF-I concen
trations. Although IGF-I does not cross into the fetal circula
tion, it does have a powerful influence on fetal growth 
through its effects on maternal metabolism, maternal-fetal 
nutrient portioning, placental transporter expression, and 
placental growth and blood flow. Circulating levels o f 
PGH correlate with birthweight and are reduced in cases 
of IUGR.84

Leptin
Leptin is secreted by adipose tissue and normally feeds back on 
the hypothalamus to suppress appetite and food intake. However, 
pregnancy is a state o f central leptin resistance that allows 
the mother to lay down adipose reserves. During pregnancy, 
leptin is secreted in large quantities by the syncytiotrophoblast, 
regulated in part through hCG and 17P-estradiol.85 Expression 
correlates closely with maternal serum concentrations and peaks 
at the end of the second and during the early third trimesters. 
The hormone has local stimulatory effects on placental trans
porter expression and has central effects on appetite.

Pregnancy-Associated Plasma Protein A
Pregnancy-associated plasma protein A (PAPP-A) is a macromo- 
lecular glycoprotein that is increased in the serum of pregnant 
women from 5 weeks’ gestation, and it continuously rises until 
the end of pregnancy. It is mainly produced by the villous tro
phoblast and, during pregnancy, its synthesis is upregulated by 
progesterone. It is a key regulator o f IGF bioavailability, 
which is essential for normal fetal development, and low 
maternal serum levels o f PAPP-A have been associated with 
a higher risk o f preeclampsia and poor fetal growth during 
the second half o f pregnancy.86 Ultrasound measurements of 
the basal surface area indirectly reflect development of the defini
tive placenta. The finding of a relationship between basal surface 
area and PAPP-A levels in maternal serum, and also between 
basal surface area and birthweight centile, suggests that a com
bination of these parameters could be useful in identifying

placenta-related disorders from the end of the first trimester of 
pregnancy.8’

Sex Differences in Placental Function
Increasing evidence suggests sex differences in placental 
development and function, and in particular to its responses 
to various stressors.72,88 Differences are found in growth factor 
pathways—with concentrations of IGF-I being higher in the 
cord blood of female fetuses, whereas the reverse is true for 
growth hormone— and placental cytokine production. Males 
grow faster in utero than females but have a smaller placenta in 
relation to fetal weight, which suggests that the organ is more 
efficient. However, this may mean that the functional reserve is 
less and that, as a result, male fetuses are more vulnerable to 
developmental programming under adverse conditions.89 
Dimorphic patterns of placental gene expression may underlie 
the greater risk of preeclampsia, growth restriction, and prema
turity associated with male babies. For example, in preeclamptic 
pregnancies, the placentae of boys show significantly higher 
levels of proinflammatory cytokines and activation of apoptosis, 
which is associated with more pronounced nuclear factor kB 
(NFkB) signaling.90 This is an area of active research, and greater 
consideration needs to be paid to the sex of the fetus in future 
placenta studies.

SUMMARY

The placenta must be one of the most complex human 
organs. W hile growing and differentiating, it performs the 
functions of many organ systems in the fetus— such as the 
lungs, kidneys, and liver— that are still immature. Although 
principally considered an organ of exchange, the placenta 
also has a major endocrine role. It orchestrates a variety 
of physiologic responses in the mother that sustain the 
pregnancy and ensure appropriate allocation of nutrient 
resources to both parties. Imprinted genes are key players 
in regulating placental differentiation and function, and 
their epigenetic status is sensitive to environmental factors. 
These genes provide a mechanism by which the placenta is 
able to adapt to meet changing fetal demands and maternal 
supply. Impaired placental development is frequently asso
ciated with fetal growth restriction, and developmental 
programming of the major organ systems may influence 
the life-long health of the offspring. Placentation therefore 
has clinical impact that extends far beyond the 9 months 
of pregnancy.

KEY POINTS

The mature human placenta is a discoid organ that 
consists of an elaborately branched fetal villous tree 
bathed directly by maternal blood of the villous hemo- 
chorial type. Normal term placental weight averages 
450 g and represents approximately one seventh (one 
sixth with cord and membranes) of the fetal weight. 
Continual development throughout pregnancy leads to 
progressive enlargement of the surface area for exchange 
(12 to 14 m2 at term) and reduction in the mean diffu
sion distance between the maternal and fetal circula
tions (approximately 5 to 6 (1m at term).
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♦ The maternal circulation to the placenta is not fully 
established until the end of the first trimester; hence 
organogenesis takes place in a low-oxygen environment 
of approximately 20 mm Hg, which may protect against 
free radical—mediated teratogenesis. Uterine blood flow 
at term averages 750 mL/min, or 10% to 15% of mater
nal cardiac output.

♦ During the first trimester, the uterine glands discharge 
their secretions into the placental intervillous space and 
represent an important supply of nutrients, cytokines, 
and growth factors prior to the onset of the maternal- 
fetal circulation.

♦ The exocoelomic cavity acts as an important reservoir 
of nutrients during early pregnancy, and the secondary 
yolk sac is important in the uptake of nutrients and their 
transfer to the fetus.

♦ Oxygen is a powerful mediator of trophoblast prolifera
tion and invasion, villous remodeling, and placental 
angiogenesis.

♦ Ensuring an adequate maternal blood supply to the 
placenta during the second and third trimesters is an 
essential aspect of placentation and is dependent upon 
physiologic conversion of the spiral arteries induced by 
invasion of the endometrium by extravillous tropho
blast during early pregnancy. M any complications of 
pregnancy, such as preeclampsia, appear to be secondary 
to deficient invasion.

♦ All transport across the placenta must take place across 
the syncytial covering of the villous tree, the syncytio
trophoblast, the villous matrix, and the fetal endothe
lium, each of which may impose its own restriction and 
selectivity. Exchange w ill occur via one of four basic 
processes: (1) bulk flow/solvent drag, (2) diffusion, (3) 
transporter-mediated mechanisms, and (4) endocytosis/ 
exocytosis.

♦ The rate of transplacental exchange will depend on 
many factors, such as the surface area available, the 
concentration gradient, the rates of maternal and fetal 
blood flows, and the density of transporter proteins. 
Changes in villous surface area, diffusion distance, and 
transporter expression have been linked with IUGR.

♦ The placenta is an important endocrine gland that pro
duces both steroid and peptide hormones, principally 
from the syncytiotrophoblast. Concentrations of some 
hormones are altered in pathologic conditions— for 
example, human chorionic gonadotropin in trisomy 
21— but in general, little is known regarding control of 
endocrine activity.
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In obstetric practice, recognition of normal fetal growth, devel
opment, and behavior often suggests an expectant management 
plan. However, abnormalities may require clinical strategies for 
fetal assessment and intervention. The basic concepts of placen
tal and fetal physiology provide the building blocks necessary 
for understanding pathophysiology and thus mechanisms of 
disease. Throughout this chapter, we have reviewed the essential 
tenets of fetal physiology and have related this information to 
normal and abnormal clinical conditions.

Much of our knowledge of fetal physiology derives from 
observations made in mammals other than humans. We have

attempted to include only those observations reasonably appli
cable to the human fetus and in most instances have not detailed 
the species from which the data were obtained. Should questions 
arise regarding the species studied, the reader is referred to the 
extensive bibliography.

UMBILICAL BLOOD FLOW
Fetal blood flow to the umbilical circulation represents 
approximately 40%  o f the combined output o f both fetal 
ventricles.1 Over the last third of gestation, increases in umbili
cal blood flow are proportional to fetal growth so that umbilical 
blood flow remains constant when normalized to fetal weight. 
Human umbilical venous flow can be estimated through the use 
of triplex ultrasonography. Although increases in villous capil
lary number represent the primary contributor to gestation- 
dependent increases in umbilical blood flow, the factors that 
regulate this change are unknown; however, a number of impor
tant angiogenic peptides and factors, including vascular endo
thelial growth factor (VEGF), have been identified.2 Short-term 
changes in umbilical blood flow are primarily regulated by per
fusion pressure. The relationship between flow and perfusion 
pressure is linear in the umbilical circulation. As a result, 
small (2 to 3 mm Hg) increases in umbilical vein pressure evoke 
proportional decreases in umbilical blood flow. Because both the 
umbilical artery and vein are enclosed in the amniotic cavity, 
pressure changes caused by increases in uterine tone are trans
mitted equally to these vessels without changes in umbilical 
blood flow. Relative to the uteroplacental bed, the fetoplacen
tal circulation is resistant to vasoconstrictive effects o f infused 
pressor agents, and umbilical blood flow is preserved unless 
cardiac output decreases. Thus despite catecholamine- 
induced changes in blood flow distribution and increases in 
blood pressure during acute hypoxia, umbilical blood flow 
is maintained over a relatively wide range o f oxygen tensions. 
Endogenous vasoactive autacoids have been identified; nitric 
oxide may also be important. Endothelin-1, in particular, is 
associated with diminished fetoplacental blood flow.3
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Chapter 2 Fetal Development and Physiology 27

AMNIOTIC FLUID VOLUME
Mean amniotic fluid volume (AFV) increases from 250 to 
800 mL between 16  and 32 weeks o f gestation. Despite 
considerable variability, the average volume remains stable 
up to 39 weeks and then declines to about 500 mL at 42
weeks (Fig. 2-1). Amniotic fluid index (AFI) values across gesta
tion are found in Chapter 35. The origin of amniotic fluid 
during the first trimester of pregnancy is uncertain. Possible 
sources include a transudate of maternal plasma through the 
chorioamnion or a transudate of fetal plasma through the highly 
permeable fetal skin before keratinization. The origin and 
dynamics of amniotic fluid are better understood beginning 
in the second trimester, when the fetus becomes the primary 
determinant. AFV is maintained by a balance o f fetal f l u i d  
p ro d u c t io n  (lung liquid and urine) anA f l u i d  reso rp tion  (fetal 
swallowing and flow across the amniotic and/or chorionic 
membranes to the fetus or maternal uterus; Fig. 2-2).4

The fetal lung secretes fluid at a rate of 300 to 400 mL/day 
near term. Chloride is actively transferred from alveolar capil
laries to the lung lumen, and water follows the chloride gradient. 
Thus lung fluid represents a nearly protein-free transudate with 
an osmolarity similar to that of fetal plasma. Fetal lung fluid 
does not appear to regulate fetal body fluid homeostasis, just as 
fetal intravenous volume loading does not increase lung fluid 
secretion. Rather, lung fluid likely serves to maintain lung 
expansion and facilitate pulmonary growth. Lung fluid must 
decrease at parturition to provide for the transition to respi
ratory ventilation. Notably, several hormones that increase in 
fetal plasma during labor (i.e., catecholamines, arginine vaso
pressin [AVP]) also decrease lung fluid production. W ith the 
reduction of fluid secretion, the colloid osmotic gradient between 
fetal plasma and lung fluid results in lung fluid resorption across 
the pulmonary epithelium and clearance via lymphatics. The 
absence o f this process explains the increased incidence of 
transient tachypnea o f the newborn, or “wet lung,” in infants 
delivered by cesarean section in the absence o f labor.

Fetal urine is the primary source o f amniotic fluid, and 
outputs at term vary from 400 to 1200 mL/day. Between 20
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FIG 2-1 Normal range of amniotic fluid volume in human gestation. 
(From Beall MH, van den Wijngaard JP, van Gemert MJ, Ross MG. 
Amniotic fluid water dynamics. Placenta. 2007;28:816-823.)

and 40 weeks’ gestation, fetal urine production increases 
about tenfold in the presence o f marked renal maturation.
The urine is normally hypotonic, and the low osmolarity of fetal 
urine accounts for the hypotonicity of amniotic fluid in late 
gestation relative to maternal and fetal plasma. Numerous fetal 
endocrine factors that include AVP, atrial natriuretic factor 
(ANF), angiotensin II (A ll), aldosterone, and prostaglandins can 
alter fetal renal blood flow, glomerular filtration rate, and urine 
flow rates.1 In response to fetal stress, endocrine-mediated reduc
tions in fetal urine flow may explain the association between 
fetal hypoxia and oligohydramnios. The regulation of fetal urine 
production is discussed further under “Fetal Kidney” later in this 
chapter.

Fetal swallowing is believed to be a major route o f amni
otic fluid resorption, although swallowed fluid contains a 
mixture o f amniotic and tracheal fluids. Human fetal swallow
ing has been demonstrated by 18 weeks’ gestation,6 with daily 
swallowed volumes of 200 to 500 mL near term. Similar to fetal 
urine flow, daily fetal swallowed volumes (per body weight) are 
markedly greater than adult values. W ith the development of 
fetal neurobehavioral states, fetal swallowing occurs primarily 
during active sleep states associated with respiratory and eye 
movements. Moderate elevations in fetal plasma osmolality 
increase the number of swallowing episodes and volume swal
lowed, indicating the presence of an intact thirst mechanism in 
the near-term fetus.

Because amniotic fluid is hypotonic with respect to maternal 
plasma, there is a potential for bulk water removal at the 
amniotic-chorionic interface with maternal or fetal plasma. 
Although fluid resorption to the maternal plasma is likely 
minimal, intramembranous flow from amniotic fluid to fetal 
placental vessels may contribute importantly to amniotic fluid 
resorption. Thus intramembranous flow may balance fetal

Placenta

Amnion

Chorion
laeve

Intramembraneous
pathway

Urine

FIG 2-2 Water circulation between the fetus and amniotic fluid. The 
major sources of amniotic fluid water are fetal urine and lung liquid, 
and the routes of absorption are through fetal swallowing and 
intramembranous flow. (From Beall MH, van den Wijngaard JP, 
van Gemert MJ, Ross MG. Amniotic fluid water dynamics. Placenta. 
2007;28:816-823.)
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28 Section I Physiology

urine and lung-liquid production with fetal swallowing to 
maintain normal AFVs.

The mechanisms by which water is transferred across the 
amnion into fetal vessels remains uncertain, but evidence impli
cates the presence of water channels within the amnion and, as 
discussed previously, the placental trophoblast and fetal endo
thelium. Aquaporins 1, 3, 8, and 9 are found within the placenta 
and fetal membranes. Mice deficient in aquaporin 1 develop 
polyhydramnios, which suggests an important role for this 
protein in intramembranous water transfer.h Aquaporins 1 and 
3, important in transplacental water flow, are regulated by AVP 
and by cyclic adenosine monophosphate (cAMP), and they 
show changes in expression throughout gestation.

FETAL GROWTH AND METABOLISM 
Substrates
Nutrients are utilized by the fetus for two primary purposes: 
oxidation for energy and tissue accretion. Under normal con
ditions, glucose is an important substrate for fetal oxidative 
metabolism. The glucose utilized by the fetus derives from the 
placenta rather than from endogenous glucose production. 
However, based on umbilical vein-umbilical artery glucose and 
oxygen (O2) concentration differences, glucose alone cannot 
account for fetal oxidative metabolism. In fact, glucose oxidation 
accounts for only two thirds of fetal carbon dioxide (CO2) 
production.10 Thus fetal oxidative metabolism depends on 
substrates in addition to glucose. A large portion of the amino 
acids taken up by the umbilical circulation are used by the fetus 
for aerobic metabolism instead of protein synthesis. Fetal uptake 
for a number of amino acids actually exceeds their accretion 
into fetal tissues. In addition, other amino acids— notably 
glutamate— are taken up by the placenta from the fetal circula
tion and are metabolized within the placenta." In fetal sheep, 
and likely in the human fetus as well, lactate also is a sub
strate for fetal oxygen consumption.10 Thus the combined 
substrates— glucose, amino acids, and lactate— essentially 
provide the approximately 87 kcal/kg required daily by the 
growing fetus.

Metabolic requirements for new tissue accretion depend on 
the growth rate and the type of tissue acquired. Although the 
newborn infant has relatively increased body fat, fetal fat content 
is low at 26 weeks. Fat acquisition increases gradually up to 32 
weeks and rapidly thereafter (about 82 g [dry weight] of fat per 
week). Because many o f the necessary enzymes for conversion 
o f carbohydrate to lipid are present in the fetus, fat acquisi
tion reflects glucose utilization in addition to placental fatty 
acid uptake. In contrast, fetal acquisition of nonfat tissue is 
linear from 32 to 39 weeks and may decrease to only 30% of 
the fat-acquisition rate in late gestation (about 43 g [dry weight] 
per week).

Hormones
The roles of select hormones in the regulation of placental 
growth are discussed in Chapter 1. Fetal hormones influence 
fetal growth through both metabolic and mitogenic effects. 
Although growth hormone and growth hormone receptors 
are present early in fetal life, and growth hormone is essential 
to postnatal growth, growth hormone appears to have little 
role in regulating fetal growth. Instead, changes in insulin-like 
growth factor (IGF), IGF-binding proteins, or IGF receptors 
explain the apparent reduced role of growth hormone on fetal

growth. Most if  not all tissues of the body produce IGF-I and 
IGF-II, and both are present in human fetal tissue extracts after 
12 weeks’ gestation. Fetal plasma IGF-I and -II levels begin to 
increase by 32 to 34 weeks’ gestation. The increase in IGF-I 
levels directly correlates with increase in fetal size, and a 
reduction in IGF-I levels is associated with growth restric
tion.12 In contrast, no correlation has been found between 
serum IGF-II levels and fetal growth. However, a correlation 
has been noted between small offspring and genetic manipula
tions that result in decreased IGF-II messenger RNA produc
tion. IGF-II knockout mice are small, and knockout of the 
IGF-II receptor results in fetal overgrowth.13 Thus tissue IGF-II 
concentrations and localized IGF-II release may be more impor
tant than circulating levels in supporting fetal growth.

IGF binding proteins (IGFBPs) modulate IGF-I and II con
centrations in serum, with IGFBP1 having an inhibitory and 
IGFBP3 a comparatively stimulatory effect. As such, diminished 
fetal concentrations of IGFBP3 and enhanced concentrations of 
IGFBP1 have been associated with smaller fetal size.14

A role for insulin in fetal growth is suggested from the 
increases in body weight and in heart and liver weights in 
infants o f diabetic mothers. Insulin levels within the high 
physiologic range increase fetal body weight, and increases 
in endogenous fetal insulin significandy increase fetal glu
cose uptake. In addition, fetal insulin secretion increases in 
response to elevations in blood glucose, although the normal 
rapid insulin response phase is absent.1 Plasma insulin levels 
sufficient to increase fetal growth also may exert mitogenic ef
fects, perhaps through insulin-induced IGF-II receptor binding. 
Separate receptors for insulin and IGF-II are expressed in fetal 
liver cells by the end of the first trimester. Hepatic insulin recep
tor numbers (per gram tissue) triple by 28 weeks, whereas IGF-II 
receptor numbers remain constant. Thus, although infants of 
diabetic mothers are at increased risk of cardiac defects, the 
growth patterns of these infants indicate that insulin levels may 
be most important in late gestation (see Chapter 40). Although 
less common, equally dramatically low birthweights are associ
ated with the absence of fetal insulin. Experimentally induced 
hypoinsulinemia causes a 30% decrease in fetal glucose utiliza
tion and decreases fetal growth.

As in the adult, P-adrenergic receptor activation increases 
fetal insulin secretion, whereas P-adrenergic activation inhib
its insulin secretion. Fetal glucagon secretion also is modu
lated by the P-adrenergic system. However, the fetal glycemic 
response to glucagon is blunted, probably caused by a rela
tive reduction in hepatic glucagon receptors.

Corticosteroids are essential for fetal growth and matura
tion, and levels in the fetus rise near parturition in step with 
maturation o f fetal organs such as the lung, liver, kidneys, 
and thymus and with slowing o f fetal growth. Exogenous 
maternal steroid administration during pregnancy also has 
the potential to diminish fetal growth in humans and in a 
variety o f other species, perhaps via suppression o f the IGF 
axis. In addition to the insulin-like growth factors, a number 
of other factors— including epidermal growth factor (EGF), 
transforming growth factor (TGF), fibroblast growth factor 
(FGF), and nerve growth factor (NGF)— are expressed during 
embryonic development and appear to exert specific effects 
during morphogenesis; for example, EGF has specific effects on 
lung growth and on differentiation of the secondary palate, and 
normal sympathetic adrenergic system development is depen
dent on NGF. However, the specific role of these factors in
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regulating fetal growth remains to be defined. Similarly, the 
fetal thyroid also is not important for overall fetal growth 
but is important for central nervous system development.

Substantial evidence now exists to support the view that 
several cell-specific growth factors and their cognate receptors 
play an essential role in placental growth and function in a 
number of species. Growth factors identified to date include 
family members of EGF, TGF-(3, NGF, IGF, hematopoietic 
growth factors, VEGF, and FGF. The expression, ontogeny, and 
regulation of most but not all of these growth factors have been 
explored; in addition, a number of cytokines also play a role in 
normal placental development. In vitro placental cell culture 
studies support the concept that growth factors and cytokines 
exert their functions locally, promoting proliferation and 
differentiation through their autocrine and/or paracrine 
mode o f actions. For example, EGF promotes cell proliferation, 
invasion, or differentiation depending on the gestational age. 
Hepatocyte growth factor and VEGF stimulate trophoblast 
DNA replication, whereas TGF-p suppresses cytoplast invasion 
and endocrine differentiation. In support of local actions, func
tional receptors for various growth factors have been demon
strated on trophoblast and other cells. Various intracellular 
signal proteins and transcription factors that respond to growth 
factors are also expressed in the placenta. A number of elegant 
studies have identified alterations in growth factors and growth 
factor receptors in association with placental and fetal growth 
restriction. Placental defects in growth factor and receptor path
ways, explored through the use of transgenic and mutant mice, 
have provided potential mechanisms for explaining complica
tions of human placental development.16 An illustrative 
example is EGF, a potent mitogen for epidermal and meso
dermal cells that is expressed in human placenta. EGF is 
involved in embryonal implantation, it stimulates syncytio
trophoblast differentiation in vitro, and it modulates pro
duction and secretion o f human chorionic gonadotropin 
(hCG) and human placental lactogen (hPL). The effects of 
EGF are mediated by EGF-receptor (EGF-R), a transmembrane 
glycoprotein with intrinsic tyrosine kinase activity. EGF-R is 
expressed on the apical microvillus plasma membrane fractions 
from early, middle, and term whole placentae. Placental EGF-R 
expression is regulated by locally expressed parathyroid 
hormone-related protein, which is important in placental dif
ferentiation and maternal-fetal calcium flux.1 18 Decreased 
EGF-R expression has been demonstrated in association with 
intrauterine growth restriction (IUGR). Targeted disruption of 
EGF-R has been shown to result in fetal death as a result o f 
placental defects.11 Overexpression o f EGF-R activity results 
in placental enlargement. 1

The EGF family now consists of at least 15 members, many 
of which have been identified in human placenta. Future studies 
should reveal whether EGF family members play distinct or 
overlapping functions in mediating placental growth.

Control of fetal growth may occur via the impact of growth 
factors/hormones on the placenta or may occur as a direct result 
of action in and on the fetus. It is clear that nutrition may play 
a role in these processes. However, the number of genes and gene 
products known to control or affect fetal growth continues to 
increase. Imprinted genes, expressed primarily from mater
nally or paternally acquired alleles, play a particularly impor
tant role in controlling fetal growth.'1 Abnormalities in the 
expression o f these genes often result in fetal overgrowth or 
undergrowth. Environmental influences, such as alterations in

gene methylation or in modification of histones associated with 
genes, may further alter gene expression and thus fetal growth, 
making this a rich area for further exploration.

FETAL CARDIOVASCULAR SYSTEM  
Development
The heart and the vascular system develop from splanchnic 
mesoderm during the third week after fertilization. The two 
primordial heart tubes fuse to form a simple contractile tube 
early in the fourth week, and the cardiovascular system becomes 
the first functional organ system. During weeks 5 to 8, this 
single-lumen tube is converted into the definitive four- 
chambered heart through a process o f cardiac looping 
(folding), remodeling, and partitioning. However, an opening 
in the interatrial septum, the foramen ovale, is present and serves 
as an important right-to-left shunt during fetal life.

During the fourth embryonic week, three primary circula
tions characterize the vascular system. The aortic/cardinal cir
cu lation  serves the embryo proper and is the basis for much of 
the fetal circulatory system. O f note the left sixth aortic (pul
monary) arch forms a connection between the left pulmonary 
artery and the aorta as the ductus arteriosus. The ductus arte
riosus also functions as a right-to-left shunt by redistributing 
right ventricular (RV) output from the lungs to the aorta and 
fetal and placental circulations. The vitellin e circulation  devel
ops in association with the yolk sac, and although it plays a 
minor role in providing nutrients to the embryo, its rearrange
ment ultimately provides the circulatory system for the gastro
intestinal (GI) tract, spleen, pancreas, and liver. The allantoic 
circulation  develops in association with the chorion and the 
developing chorionic villi and forms the placental circulation, 
comprised of two umbilical arteries and two umbilical veins. In 
humans, the venous pathways are rearranged during embry
onic weeks 4 to 8, and only the left umbilical vein is retained. 
Subsequent rearrangement o f the vascular plexus associated 
with the developing liver forms the ductus venosus, a venous 
shunt that allows at least half o f the estimated umbilical 
blood flow (70 to 130 mL/min/kg fetal weight after 30  
weeks’ gestation) to bypass the liver and enter the inferior 
vena cava.2'

Placental gas exchange provides well-oxygenated blood that 
leaves the placenta (Fig. 2-3) via the umbilical vein. In addition 
to the ductus venosus, small branches into the left lobe of the 
liver and a major branch to the right lobe account for the 
remainder of the umbilical venous flow. Left hepatic vein blood 
combines with the well-oxygenated ductus venosus flow as it 
enters the inferior vena cava. Because right hepatic vein blood 
combines with the portal vein (only a small fraction of portal 
vein blood passes through the ductus venosus), right hepatic 
vein blood is less oxygenated than its counterpart on the left,22 
and a combination of right hepatic/portal drainage with blood 
returning from the lower trunk and limbs further decreases the 
oxygen content. Although both ductus venosus blood and 
hepatic portal/fetal trunk bloods enter the inferior vena cava and 
the right atrium, little mixing occurs. This stream o f well- 
oxygenated ductus venosus blood is preferentially directed 
into the foramen ovale by the valve o f the inferior vena cava 
and the crista dividens on the wall o f the right atrium. This 
shunts a portion o f the most highly oxygenated ductus 
venosus blood through the foramen ovale with little oppor
tunity for mixing with superior vena cava/coronary sinus
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FIG 2-3 Anatomy of the umbilical and hepatic circulation. Black arrows 
represent nutrient-rich and oxygen-rich blood. LHV, left hepatic vein; 
RHV, right hepatic vein. (From Rudolph AM. Hepatic and ductus 
venosus blood flows during fetal life. Hepatology. 1983;3:254-258.)

FIG 2-4 Anatomy of the fetal heart and central shunts. CA, carotid 
artery; DA, ductus arteriosus; FA, femoral artery; FO, foramen ovale; 
IVC, inferior vena cava; LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle; SVC, superior vena cava; TA, thoracic aorta. 
(From Anderson DF, Bissonnette JM, Faber JJ, Thornburg KL. Central 
shunt flows and pressures in the mature fetal lamb. Am J Physiol. 
1981 ;241 :H60-H66.)

venous return (Fig. 2-4; see also Fig. 2-3). As a result, left atrial 
filling results primarily from umbilical vein-ductus venosus 
blood, with a small contribution from pulmonary venous 
flow. Thus blood with the highest oxygen content is delivered 
to the left atrium and left ventricle and ultimately supplies 
blood to the upper body and limbs, carotid and vertebral 
circulations, and the brain. Inferior vena cava flow is greater 
than the volume that can cross the foramen ovale. The remainder 
of the oxygenated inferior vena cava blood is directed through 
the tricuspid valve (see Fig. 2-3) into the riglit ventricle (see Fig.
2-4) and is accompanied by venous return from the superior

vena cava and coronary sinus. However, the very high vascular 
resistance in the pulmonary circulation maintains mean pulmo
nary artery pressure 2 to 3 mm Hg above aortic pressure and 
directs most of the RV output through the ductus arteriosus and 
into the aorta and the fetal and placental circulations.22

Fetal Heart
The adult cardiovascular system includes a high-pressure (95 mm 
Hg) system and a low-pressure pulmonary circuit (15 mm Hg) 
driven by the left and right ventricles working in series. Although 
the ejection velocity is greater in the left ventricle than in the 
right, equal volumes of blood are delivered into the systemic and 
pulmonary circulations with contraction of each ventricle. The 
stroke volume is the volume of blood ejected by the left ventricle 
with each contraction, and cardiac output is a function of the 
stroke volume and heart rate (70 mL/beat X 72 beats/min = 
5040 mL/min). For a 70-kg adult man, cardiac output averages 
72 mL/min/kg. In addition to heart rate, cardiac output varies 
with changes in stroke volume, which in turn is determined by 
venous return (preload), pulmonary artery and aortic pressures 
(afterload), and contractility.

In contrast to the adult heart, where the two ventricles pump 
blood in a series circuit, the unique fetal shunts provide an 
unequal distribution of venous return to the respective atria, and 
ventricular output represents a mixture of oxygenated and deox
ygenated blood. Thus the fetal right and left ventricles func
tion as two pumps that operate in parallel, rather than in 
series, and cardiac output is described as the combined ven
tricular output. RV output exceeds 60%  o f biventricular 
output2’ and is primarily directed through the ductus arte
riosus to the descending aorta (see Fig. 2-4). As a result, 
placental blood flow, which represents approximately 40%  
of the combined ventricular output, primarily reflects RV 
output. Because o f the high pulmonary vascular resistance,2' 
the pulmonary circulation receives only 5% to 10%  o f the 
combined ventricular output. Instead, left ventricular (LV) 
output is primarily directed through the aortic semilunar valve 
and aortic arch to the upper body and head. Estimates of fetal 
LV output average 120 mL/min/kg body weight. If LV output 
is less than 40% of the combined biventricular output,23 total 
fetal cardiac output would be above 300 mL/min/kg. The dis
tribution of the cardiac output to fetal organs is summarized in 
Table 2 -1,1 with fetal hepatic distribution reflecting only the 
portion supplied by the hepatic artery. In fact, hepatic blood 
flow derives principally from the umbilical vein and to a lesser 
extent the portal vein,24 and represents about 25% of the total 
venous return to the heart.

The placenta receives approximately 40%  o f the combined 
ventricular output, which means the single umbilical vein 
also conducts this volume o f the combined ventricular output 
toward the fetus. At least half of the umbilical venous blood 
bypasses the liver via the ductus venosus, and the remainder 
traverses the hepatic circulation. The combination of umbilical 
vein blood, hepatic portal blood, and blood returning from the 
lower body contributes approximately 69% of the cardiac output 
that enters the right atrium from the inferior vena cava. Flow 
across the foramen ovale accounts for approximately one third 
(27%) of the combined cardiac output.2. Pulmonary venous 
return to the left atrium is low and represents approximately 7% 
of combined ventricular output. Thus the left atrium accounts 
for only about 34% (27% + 7%) of the combined ventricular 
output. Because a volume of inferior vena cava venous return
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Chapter 2 Fetal Development and Physiology 31

TABLE 2-1 DISTRIBUTION OF CARDIAC OUTPUT TO 
FETAL ORGANS

ORGAN
BIVENTRICULAR CARDIAC  
OUTPUT (%)

Placenta 40
Brain 13
Heart 3.5
Lung 7
Liver 2.5 (hepatic artery)
Gastrointestinal tract 5
Adrenal glands 0.5
Kidney 2.5
Spleen 1
Body 25

Data from Rudolph AM, Heymann MA. Circulatory changes during growth in the fetal 
lamb. CircRes. 1970;26(3):289.

equivalent to 27% of the combined ventricular output is shunted 
across the foramen ovale, 42% remains in the right atrium and 
contributes to RV output. W ith another 21% from the superior 
vena cava and 3% from the coronary circulation, RV output 
accounts for 66% of the combined ventricular output. However, 
only 7% of RV output enters the pulmonary circulation, leaving 
59% entering the aorta via the ductus arteriosus. Similarly, 
24% of the combined ventricular output derived from the left 
ventricle is distributed to the upper body and brain, with 
approximately 10% combining with RV output in the aorta. 
Thus 69% of the combined ventricular output reaches the 
descending aorta, and 40% of this accounts for placental flow, 
with the remainder distributed to the fetal abdominal organs 
and lower body.

Consistent with the greater contribution o f the right ven
tricle to combined ventricular output, coronary blood flow 
to the myocardium reflects the greater stroke volume o f the 
right side, and RV free wall and septal blood flows are higher 
than in the left ventricle.21 It is not surprising then that fetal 
ventricular wall thickness is greater on the right side relative 
to the left. As in the adult, fetal ventricular output depends on 
heart rate, pulmonary artery and aortic pressures, and contractil
ity. The relationship between mean right atrial pressure (the 
index often used for ventricular volume at the end of diastole) 
and stroke volume is depicted in Figure 2-5. The steep ascending 
limb represents the length-active tension relationship for cardiac 
muscle in the right ventricle.26 Under normal conditions, fetal 
right atrial pressure resides at the break point in this ascending 
limb, and increases in pressure do not increase stroke volume. 
Thus the contribution o f Starling mechanisms to increasing 
right heart output in the fetus is limited. In contrast, decreases 
in venous return and right atrial pressure decrease stroke 
volume. Compared with the left ventricle, the fetal right ven
tricle has a greater anteroposterior dimension, which increases 
both volume and circumferential radius of curvature. This ana
tomic difference increases the radius/wall thickness ratio for the 
right ventricle and produces increased wall stress in systole and 
a decrease in stroke volume when afterload increases.25 Because 
the right ventricle is sensitive to afterload, a linear inverse rela
tionship exists between stroke volume and pulmonary artery 
pressure.26

The relationship between atrial pressure and stroke volume in 
the left ventricle is similar to that shown in Figure 2-5 for the 
right ventricle. Although the break point occurs near the normal

Mean right atrial pressure (mm Hg)

FIG 2-5 Stroke volume of the fetal right ventricle as a function of mean 
right atrial pressure. (From Thornburg KL, Morton MJ. Filling and arte
rial pressures as determinants of RV stroke volume in the sheep fetus. 
Am J Physiol. 1983;244:H656-H663.)

value for left atrial pressure, a small amount of preload reserve 
remains.25 In distinction to the fetal right ventricle, the left 
side is not sensitive to aortic pressure increases. Thus postnatal 
increases in systemic blood pressure do not decrease LV stroke 
volume, and LV output increases to meet the needs of the post
natal systemic circulation. Although Starling mechanism-related 
increases in stroke volume are limited, especially in the right side 
of the heart, late-gestation fetal heart |3-adrenergic receptor 
numbers are similar to those in the adult, and circulating 
catecholamine-induced increases in contractility may increase 
stroke volume by 50%.

Although the fetal heart rate (FHR) decreases during the 
last half o f gestation, particularly between 20 and 30 weeks, 
the FHR averages more than twofold above resting adult 
heart rates. If analysis is confined to episodes of low heart rate 
variability, mean heart rate decreases from 30 weeks to term. 
However, if  all heart rate data are analyzed, mean heart rate is 
stable at 142 beats/min over the last 10 weeks of gestation. Vari
ability in mean heart rate over 24 hours includes a nadir between 
2 AM and 6 AM and a peak between 8 AM and 10 AM. Most 
FHR accelerations occur simultaneously with limb movement, 
which primarily reflects central neuronal brainstem output. 
Also, movement-related decreases in venous return and a reflex 
tachycardia may contribute to heart rate accelerations.2 Because 
ventricular stroke volumes decrease with increasing heart 
rate, fetal cardiac output remains constant over a heart rate 
range o f 120 to 180 beats/min. The major effect of this inverse 
relationship between heart rate and stroke volume is an altera
tion in end-diastolic dimension. If end-diastolic dimension is 
kept constant, no fall in stroke volume occurs, and cardiac 
output increases.

At birth, major changes in vascular distribution occur with 
the first breath. Alveolar expansion and the associated 
increase in alveolar capillary oxygen tension induce a marked 
decrease in pulmonary microvascular resistance. This decrease 
in pulmonary vascular resistance has two effects. First, an accom
panying decrease occurs in right atrial afterload and right atrial 
pressure. Second, the increase in pulmonary flow increases 
venous return into the left atrium and therefore increases left 
atrial pressure. The combined effect of these two events is to
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32 Section I Physiology

increase left atrial pressure above right atrial pressure, which 
leads to a physiologic closure of the foramen ovale. The return 
of the highly oxygenated blood from the lungs to the left atrium, 
left ventricle, and aorta and the decrease in pulmonary vascular 
resistance, and hence pulmonary trunk pressure, allows backflow 
of oxygen-rich blood into the ductus arteriosus. This local 
increase in ductus arteriosus oxygen tension alters the ductus 
response to prostaglandins and causes a marked localized 
vasoconstriction. Concurrent spontaneous constriction (or 
clamping) o f the umbilical cord stops placental blood flow, 
reduces venous return, and perhaps augments the decrease in 
right atrial pressure.

Regulation of Cardiovascular Function 
Autonomic Regulation
Through reflex stimulation o f peripheral baroreceptors, che- 
moreceptors, and central mechanisms, the sympathetic and 
parasympathetic systems have important roles in the regula
tion o f FHR, cardiac contractility, and vascular tone. The 
fetal sympathetic system develops early, whereas the para
sympathetic system develops somewhat later.28 Nevertheless, 
in the third trimester, increasing parasympathetic tone accounts 
for the characteristic decrease in FHR with periods of reduced 
FHR reactivity. As evidence, FHR increases in the presence of 
parasympathetic blockade with atropine. Opposing sympa
thetic and parasympathetic inputs to the fetal heart contrib
ute to R-R interval variability from one heart cycle to the 
next and to basal heart rate variability over periods o f a few 
minutes. However, even when sympathetic and parasympa
thetic inputs are removed, a level o f variability remains.

Fetal sympathetic innervation is not essential for blood pres
sure maintenance when circulating catecholamines are present. 
Nevertheless, fine control of blood pressure and FHR requires 
an intact sympathetic system. In the absence of functional 
adrenergic innervation, hypoxia-induced increases in peripheral, 
renal, and splanchnic bed vascular resistances and blood pressure 
are not seen.2'1 However, hypoxia-related changes in pulmonary, 
myocardial, adrenal, and brain blood flows occur in the absence 
of sympathetic innervation, which indicates that both local 
and endocrine effects contribute to regulation of blood flow in 
these organs.

Receptors in the carotid body and arch of the aorta respond 
to pressor or respiratory gas stimulation with afferent modula
tion of heart rate and vascular tone. Fetal baroreflex sensitivity, 
in terms of the magnitude of decreases in heart rate per m illi
meter of mercury increase in blood pressure, is blunted relative 
to the adult. 0 However, fetal baroreflex sensitivity more than 
doubles in late gestation. Although the set point for FHR is 
not believed to depend on intact baroreceptors, FHR variability 
increases when functional arterial baroreceptors are absent.31 The 
same observation has been made for fetal blood pressure. Thus 
fetal arterial baroreceptors buffer variations in fetal blood pres
sure during body or breathing movements.31 Changes in baro- 
receptor tone likely account for the increase in mean fetal blood 
pressure normally observed in late gestation. In the absence of 
functional chemoreceptors, mean arterial pressure is main
tained '1 while peripheral blood flow increases. Thus peripheral 
arterial chemoreceptors may be important to maintenance of 
resting peripheral vascular tone. Peripheral arterial chemore
ceptors also are important components in fetal reflex 
responses to hypoxia; the initial bradycardia is not seen 
without functional chemoreceptors.

Hormonal Regulation
Adrenocorticotropic hormone (ACTH) and catecholamines are 
discussed in the sections that describe the fetal adrenal and 
thyroid glands later in this chapter.

ARGININE VASOPRESSIN
Significant quantities o f arginine vasopressin (AVP) are 
present in the human fetal neurohypophysis by completion 
o f the first trimester. Ovine fetal plasma AVP levels increase 
appropriately in response to changes in fetal plasma osmolal
ity induced directly in the fetus 2 or via changes in maternal 
osmolality.i ! Because of functional high- and low-pressure baro
receptors and chemoreceptor afferents, decreases in fetal intra- 
vascular volume or systemic blood pressure34,35 also increase fetal 
AVP secretion. Thus in the late-gestation fetus as in the adult, 
AVP secretion is regulated by both osmoreceptor and volume/ 
baroreceptor pathways. Hypoxia-induced AVP secretion has 
been demonstrated beyond mid pregnancy of ovine gestation, 
and reductions in fetal PO2 of 10 mm Hg (50%) evoke pro
found increases in fetal plasma AVP levels (about 2 pg/mL to 
200 to 400 pg/mL or more). Thus, because fetal AVP respon
siveness to hypoxia is augmented relative to the adult (as much 
as fortyfold), and fetal responsiveness appears to increase during 
the last half of gestation, hypoxemia is the most potent stimu
lus known for fetal AVP secretion.

The cardiovascular response pattern to AVP infusion 
includes dose-dependent increases in fetal mean blood pres
sure and decreases in heart rate at plasma levels well below 
those required for similar effects in the adult. Receptors (VI) 
distinct from those that mediate AVP antidiuretic effects in the 
kidney (V2) account for AVP contributions to fetal circulatory 
adjustments during hemorrhage, hypotension, and hypoxia.36 
Corticotropin-releasing factor (CRF) effects of AVP may con
tribute to hypoxia-induced increases in plasma ACTH and cor
tisol levels. In addition to effects on FHR, cardiac output, and 
arterial blood pressure, AVP-induced changes in peripheral, pla
cental, myocardial, and cerebral blood flows directly parallel the 
cardiovascular changes associated with acute hypoxia. Because 
many of these responses are attenuated during AVP receptor 
blockade, AVP effects on cardiac output distribution may 
serve to facilitate oxygen availability to the fetus during hypoxic 
challenges. However, other hypoxia-related responses, including 
decreases in renal and pulmonary blood flows and increased 
adrenal blood flow, are not seen in response to AVP infusions.

RENIN-ANGIOTENSIN II
Fetal plasma renin levels are typically elevated during late 
gestation. ’ A variety of stimuli that include changes in tubular 
sodium concentration; reductions in blood volume, vascular 
pressure, or renal perfusion pressure; and hypoxemia all increase 
fetal plasma renin activity. The relationship between fetal renal 
perfusion pressure and plasma renin activity is similar to that of 
adults. Consistent with the effects of renal nerve activity on 
renin release in adults, fetal renin gene expression is directly 
modulated by renal sympathetic nerve activity.

Although fetal plasma A ll levels increase in response to 
small changes in blood volume and hypoxemia, fetal A ll and 
aldosterone levels do not increase in proportion to changes 
in plasma renin activity. This apparent uncoupling o f the 
fetal renin-angiotensin-aldosterone system and the increase 
in newborn A ll levels may relate to the significant con
tribution o f the placenta to plasma A ll clearance in the
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Chapter 2 Fetal Development and Physiology 33

fetus relative to the adult. Also, limited angiotensin-converting 
enzyme (ACE) availability due to reduced pulmonary blood flow 
and direct inhibition of aldosterone secretion by the normally 
high circulating ANF levels may contribute. Thus, reductions in 
A ll production and aldosterone responses to A ll, augmented A ll 
and aldosterone clearances, and the resulting reductions in A ll 
and aldosterone levels and feedback inhibition of renin may 
account for the elevated renin and reduced A ll and aldosterone 
levels typically observed during fetal life.

A ll infusion increases fetal mean arterial blood pressure. In 
contrast to AVP-induced bradycardia, fetal A ll infusion increases 
heat rate (after an initial reflex bradycardia) through both a 
direct effect on the heart and decreased baroreflex responsive
ness. Both hormones increase fetal blood pressure similar to the 
levels seen with hypoxemia. However, A ll does not reduce 
peripheral blood flow, perhaps because circulation to muscle, 
skin, and bone is always under maximum response to A ll, 
which thereby limits increases in resting tone. A ll infusions also 
decrease renal blood flow and increase umbilical vascular resis
tance, although absolute placental blood flow does not change. 
Whereas the adult kidney contains both All-receptor subtypes 
(AT! and AT2), the AT2 subtype is the only form present in the 
human fetal kidney. Maturational differences in the A ll receptor 
subtype expressed would be consistent with earlier studies that 
demonstrated differing A ll effects on fetal renal and peripheral 
vascular beds. Thus, the receptors that mediate A ll responses in 
the renal and peripheral vascular beds differ during fetal life.

Fetal Hemoglobin
The fetus exists in a state o f aerobic metabolism, with arterial 
blood PO2 values in the 20 to 35 mm Hg range but with no 
evidence o f metabolic acidosis. Adequate fetal tissue oxygen
ation is achieved by several mechanisms. O f major importance 
are the higher fetal cardiac output and organ blood flows. A 
higher hemoglobin concentration (relative to the adult) and an 
increase in oxygen-carrying capacity of fetal hemoglobin also 
contribute. The resulting leftward shift in the fetal oxygen dis
sociation curve relative to the adult (Fig. 2-6) increases fetal 
blood oxygen saturation for any given oxygen tension. For 
example, at a partial pressure of 26.5 mm Hg, adult blood 
oxygen saturation is 50%, whereas fetal oxygen saturation is 
70%. Thus at a normal fetal PO2 of 20 mm Hg, fetal whole- 
blood oxygen saturation may be 50%.

The basis for increased oxygen affinity o f fetal whole blood 
resides in the interaction o f fetal hemoglobin with intracel
lular organic phosphate 2,3-diphosphoglycerate (2,3-DPG). 
The fetal hemoglobin (HgbF) tetramer is composed of two 
oc-chains (identical to adult) and two y-chains. The latter differ 
from the y-chain of adult hemoglobin (HgbA) in 39 of 146 
amino acid residues. Among these differences is the substitution 
of serine in the y-chain of HgbF for histidine at the (3-143 posi
tion of HgbA, which is located at the entrance to the central 
cavity of the hemoglobin tetramer. Due to a positively charged 
imidazole group, histidine can bind with the negatively charged
2,3-DPG. Binding of 2,3-DPG to deoxyhemoglobin stabilizes 
the tetramer in the reduced form. Because serine is nonionized 
and does not interact with 2,3-DPG to the same extent as his
tidine, the oxygen affinity of HgbF is increased, and the dissocia
tion curve is shifted to the left. If HgbA or HgbF is removed 
from the erythrocyte and stripped of organic phosphates, the 
oxygen affinity for both hemoglobins is similar. However, addi
tion of equal amounts of 2,3-DPG to the hemoglobins decreases

FIG 2-6 Oxyhemoglobin dissociation curves of maternal and fetal 
human blood at pH 7.4 and 37° C. (Modified from Hellegers AE, 
Schruefer JJ. Normograms and empirical equations relating oxygen 
tension, percentage saturation, and pH in maternal and fetal blood 
Am J Obstet Gynecol. 1961 ;81:377-384.)

HgbA oxygen affinity (dissociation curve shifts to the right) to 
a greater extent than for HgbF. Thus, even though overall oxygen 
affinities are similar, differences in 2,3-DPG interaction result 
in a higher oxygen affinity for HgbF.

The proportion o f HgbF to HgbA changes between 26 and 
40 weeks’ gestation. HgbF decreases linearly from 100%  to 
about 70%  so that HgbA accounts for 30%  o f fetal hemo
globin at term. This change in expression from y- to (3-globulin 
synthesis takes place in erythroid progenitor cells. Although the 
basis for this switching is not yet known, our understanding of 
human globin gene regulation has provided important insights 
into several fetal hemoglobin disorders, such as the thalassemias 
and sickle cell anemia. Duplication of the a-genes on chromo
some 16 provides the normal fetus with four gene loci. The genes 
for the remaining globins are located on chromosome 11 and 
consist of Gy, ''y, 8, and p. The two y-genes differ in the amino 
acid in position 36, glycine versus alanine. HgbA synthesis is 
dictated by the y- and |3-genes, HgbF by a  and y, and HgbA2 
by a  and 8. Sequences in the 8 region may be responsible for 
the relative expression of the y-gene such that fetal hemoglobin 
persists when these are absent.

F E T A L  K ID N E Y
Overall fetal water and electrolyte homeostasis is primarily 
mediated by fetal-maternal exchange across the placenta. 
However, urine production by the fetal kidney is essential to 
maintenance o f AFV and composition. Although absolute 
glomerular filtration rate (GFR) increases during the third 
trimester, GFR per gram o f kidney weight does not change 
because GFR and fetal kidney weight increase in parallel. The 
genesis of new glomeruli is complete by about 36 weeks. Sub
sequent increases in GFR reflect increases in glomerular surface 
area for filtration, effective filtration pressure, and capillary
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filtration coefficient. Although glomerular filtration is related to 
hydrostatic pressure, and fetal blood pressure increases in the 
third trimester, both renal blood flow per gram of kidney weight 
and filtration fraction (GFR/renal plasma flow) remain con
stant.38 Newborn increases in filtration fraction parallel increases 
in arterial pressure, which suggests that the lower hydrostatic 
pressure within the glomerulus contributes to the relatively low 
filtration fraction and GFR of the intrauterine kidney.38 A mild 
glomerulotubular imbalance may describe the early-gestation 
fetus. However, renal tubular sodium and chloride reabsorptions 
increase in late gestation such that glomerulotubular balance is 
maintained in the third-trimester fetus.38

Although fetal GFR is low, the daily urine production rate 
is substantial, equaling 60%  to 80% o f the AFV. The rela
tively large urine output results from the significant portion 
of the filtered water (20%) that is excreted in the form of 
hypotonic urine. The positive free-water clearance that charac
terizes fetal renal function originally led to the hypothesis 
that the fetal kidney lacked AVP receptors. However, ovine fetal 
renal collecting duct responses to AVP can be demonstrated in 
the second trimester, which indicates that diminished urine- 
concentrating ability is not caused by AVP receptor absence. 
Fetal renal V2 receptors mediate AVP-induced tubular water 
reabsorption, and functional V2 receptors are present in the fetal 
kidney by the beginning of the last third of gestation.36 In addi
tion, AVP-induced cAMP production is not different from that 
of the adult, and AVP-induced apical tubular water channels 
(aquaporin 2) are expressed in the fetal kidney. In fact, the selec
tive AVP V2 receptor agonist dDAVP appropriately increases 
fetal renal water reabsorption without affecting blood pressure 
or heart rate.36 Thus V2 receptors mediate AVP effects on fetal 
urine production and AFV.3'’ Instead, the reduced concentrat
ing ability o f the fetal kidney primarily reflects reductions in 
proximal tubular sodium reabsorption, short juxtamedullary 
nephron loops o f Henle, and limited medullary interstitial 
urea concentrations.

Although fetal plasma renin activity levels are high, effective 
uncoupling of A ll production from plasma renin activity and a 
high placental clearance rate for A ll serve to minimize increases 
in fetal plasma A ll levels. Limiting fluctuations in fetal plasma 
A ll levels may be advantageous for fetal renal function regula
tion. For example, fetal A ll infusion increases fetal mean arterial 
pressure and renal and placental vascular resistances. In contrast, 
fetal treatment with the ACE inhibitor captopril increases 
plasma renin activity and decreases arterial blood pressure, renal 
vascular resistance, and filtration fraction, and urine flow effec
tively ceases. Given the potential for A ll to decrease placental 
blood flow, uncoupling of renin-induced angiotensin I produc
tion, limited ACE activity, and augmented placental A ll clear
ance may protect the fetal cardiovascular system from large 
increases in plasma A ll levels. Collectively, plasma A ll levels 
appear to be regulated within a very narrow range, and this regu
lation may be important to overall fetal homeostasis.

Atrial natriuretic factor (ANF) granules are present in the 
fetal heart, and fetal plasma ANF levels are elevated relative 
to the adult. Fetal plasma ANF levels increase in response to 
volume expansion, and ANF infusion evokes limited increases 
in ovine fetal renal sodium excretion. Fetal ANF infusion also 
decreases fetal plasma volume with minimal effect on blood 
pressure. These observations suggest that ANF actions in the 
fetus are primarily directed at volume homeostasis and have 
minimal cardiovascular effects.

The ability of the fetal kidney to excrete titratable acid and 
ammonia is limited relative to the adult. In addition, the thresh
old for fetal renal bicarbonate excretion— defined as the excre
tion of a determined amount of bicarbonate per unit GFR— is 
much lower than in the adult. That is, fetal urine tends to be 
alkaline at relatively low plasma bicarbonate levels, despite the 
high fetal arterial PCO2. Because fetal renal tubular mechanisms 
for glucose reabsorption are qualitatively similar to those in the 
adult, fetal renal glucose excretion is limited. In fact, the 
maximum ability of the fetal kidney to reabsorb glucose exceeds 
that of the adult when expressed as a function of GFR.

FETAL GASTROINTESTINAL SYSTEM  
Gastrointestinal Tract
Amniotic fluid contains measurable glucose, lactate, and amino 
acid concentrations, which raises the possibility that fetal 
swallowing could serve as a source of nutrient uptake. Fetal 
swallowing contributes importantly to somatic growth and GI 
development as a result of the large volume of ingested fluid. 
About 10%  to 15%  o f fetal nitrogen requirements may result 
from swallowing o f amniotic fluid protein. ’ Amino acids 
and glucose are absorbed and utilized by the fetus i f  they 
are administered into the fetal GI tract.4" Furthermore, 
intragastric ovine fetal nutrient administration partially 
ameliorates fetal growth restriction induced by maternal 
malnutrition.41

Further evidence for the role of swallowing in fetal growth 
results from studies that have demonstrated that impairment of 
fetal rabbit swallowing at 24 days’ gestation (term = 31 days) 
induces an 8% weight decrease (compared with controls) by 28 
days.42 The fetal GI tract is directly affected, and esophageal 
ligation of fetal rabbit pups results in marked reductions in 
gastric and intestinal tissue weight and gastric acidity.42 Reduc
tions in GI and somatic growth were reversed by fetal intragas
tric infusion of amniotic fluid.42 Similarly, esophageal ligation 
of 90-day ovine fetuses (term = 145 to 150 days) induces a 30% 
decrease of small intestine villus height43 and a reduction in liver, 
pancreas, and intestinal weight.44

Although ingestion of amniotic fluid nutrients may be neces
sary for optimal fetal growth, trophic growth factors within the 
amniotic fluid also importantly contribute. Thus the reduction 
in fetal rabbit weight induced by esophageal ligation is reversed 
by gastric infusion of EGF. Studies in human infants support 
the association of fetal swallowing and GI growth because upper 
GI tract obstructions are associated with a significantly greater 
rate of human fetal growth restriction as compared with fetuses 
with lower GI obstructions.45

Blood flow to the fetal intestine does not increase during 
moderate levels of hypoxemia. The artery-mesenteric vein dif
ference in oxygen content is also unchanged so that at a constant 
blood flow, intestinal oxygen consumption can remain the same 
during moderate hypoxemia. However, with more pronounced 
hypoxemia, fetal intestinal oxygen consumption falls as 
blood flow decreases, and the oxygen content difference 
across the intestine fails to widen. The result is a metabolic 
acidosis in the blood that drains the mesenteric system.

Liver
Near term, the placenta is the major route for bilirubin elimi
nation. Less than 10%  o f an administered bilirubin load is 
excreted in the fetal biliary tree over a 10-hour period; about
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20%  remains in plasma. Thus the fetal metabolic pathways 
for bilirubin and bile salts remain underdeveloped at term.
The cholate pool size (normalized to body surface area) is one 
third and the synthetic rate is one half the adult levels. In pre
mature infants, cholate pool size and synthesis rates represent 
less than half and one third, respectively, of term infant values. 
In fact, premature infant intraluminal duodenal bile acid con
centrations are near or below the level required to form lipid 
micelles.46

The unique attributes of the fetal hepatic circulation were 
detailed during the earlier discussion of fetal circulatory anatomy. 
Notably, the fetal hepatic blood supply primarily derives from 
the umbilical vein. The left lobe receives its blood supply almost 
exclusively from the umbilical vein (with a small contribution 
from the hepatic artery), whereas the right lobe receives blood 
from the portal vein as well. The fetal liver under normal 
conditions accounts for about 20%  o f total fetal oxygen con
sumption. Because hepatic glucose uptake and release are bal
anced, net glucose removal by the liver under normal conditions 
is minimal. During episodes of hypoxemia, (3-adrenergic 
receptor-mediated increases in hepatic glucose release account 
for the hyperglycemia characteristic of short-term fetal hypox
emia.4 Hypoxia severe enough to decrease fetal oxygen con
sumption selectively reduces right hepatic lobe oxygen 
uptake, which exceeds that o f the fetus as a whole. In con
trast, oxygen uptake by the left lobe o f the liver is unchanged.

FETAL ADRENAL AND THYROID GLANDS 
Adrenal Glands
The fetal anterior pituitary secretes ACTH in response to 
stress, which includes hypoxemia. The associated increase in 
cortisol exerts feedback inhibition o f the continued ACTH 
response.18 In the fetus and adult, proopiomelanocortin post- 
translational processing gives rise to ACTH, corticotropin-like 
intermediate lobe peptide (CLIP), and a-m elanocyte-stim ulating 
hormone (a-MSH). The precursor peptide preproenkephalin 
is a distinct gene product that gives rise to the enkephalins. 
Fetal proopiomelanocortin processing differs from the adult. 
For example, although ACTH is present in appreciable amounts, 
the fetal pituitary contains large amounts of CLIP and a-MSH. 
The fetal ratio of CLIP plus a-MSH to ACTH decreases 
from the end of the first trimester to term. Because pituitary 
corticotropin-releasing hormone (CRH) expression is relatively 
low until late gestation, AVP serves as the major CRF in early 
gestation. W ith increasing gestational age, fetal cortisol levels 
progressively increase secondary to hypothalamic-pituitary axis 
maturation. Cortisol is important to pituitary maturation 
because it shifts corticotrophs from the fetal to the adult type, 
and it impacts adrenal maturation through regulation of ACTH 
receptor numbers.49

On a body-weight basis, the fetal adrenal gland is an order 
of magnitude larger than in the adult. This increase in size is 
due to the presence o f an adrenal cortical definitive zone and 
a so-called fetal zone that constitutes 85%  o f the adrenal at 
birth. Cortisol and mineralocorticoids are the major prod
ucts o f the fetal definitive zone, and fetal cortisol secretion is 
regulated by ACTH but not human chorionic gonadotropin 
(hCG). Low-density lipoprotein (LDL)-bound cholesterol (see 
“Receptor-Mediated Endocytosis and Exocytosis” in Chapter 1) 
is the major source of steroid precursor in the fetal adrenal. 
Because the enzyme 3a-hydroxysteroid dehydrogenase is lacking

in the fetal adrenal, dehydroepiandrosterone sulfate (DHEAS) 
is the major product of the fetal zone. At mid gestation, DHEAS 
secretion is determined by both ACTH and hCG. Both fetal 
ACTH and cortisol levels are relatively low during most of gesta
tion, and no clear correlation has been found between plasma 
ACTH levels and cortisol production. This apparent dissocia
tion between fetal ACTH levels and cortisol secretion may be 
explained by 1) differences in ACTH processing, and the pres
ence of the large-molecular-weight proopiomelanocortin pro
cessing products CLIP and a-M SH  may suppress ACTH action 
on the adrenal until late gestation, when ACTH becomes the 
primary product; 2) fetal adrenal definitive zone ACTH respon
siveness may increase; or 3) placental ACTH and/or posttrans- 
lational processing intermediates may affect the adrenal response 
to ACTH.

Resting fetal plasma norepinephrine levels exceed epi
nephrine levels approximately tenfold. The fetal plasma 
levels o f both catecholamines increase in response to hypox
emia, and norepinephrine levels are invariably higher than 
epinephrine levels. Under basal conditions, norepinephrine is 
secreted at a higher rate than epinephrine, and this relationship 
persists during a hypoxemic stimulus. Plasma norepinephrine 
levels increase in response to acute hypoxemia but decline to 
remain above basal levels with persistent (>5 min) hypoxemia. 
In contrast, adrenal epinephrine secretion begins gradually but 
persists during 30 minutes of hypoxemia. These observations are 
consistent with independent sites of synthesis and regulation of 
the two catecholamines.'’0 Although the initial fetal blood pres
sure elevation during hypoxemia correlates with increases in 
norepinephrine, afterward the correlation between plasma nor
epinephrine and hypertension is lost.

Thyroid Gland
The normal placenta is impermeable to thyroid-stimulating 
hormone (TSH), and triiodothyronine (T3) transfer is m inimal.51 
However, appreciable levels of maternal thyroxine (T4) are seen 
in infants with congenital hypothyroidism (see Chapter 42). By 
week 12 o f gestation, thyrotropin-releasing hormone (TRH) 
is present in the fetal hypothalamus, and TRH secretion and/ 
or pituitary sensitivity to TRH increases progressively during 
gestation. Extrahypothalamic sites, including the pancreas, 
also may contribute to the high TRH levels observed in the 
fetus. Measurable TSH is present in the fetal pituitary and 
serum, and T4 is measurable in fetal blood by week 12 o f 
gestation. Thyroid function is low until about 20 weeks, when 
T4 levels increase gradually to term. TSH levels rise markedly 
between 20 and 24 weeks then slowly decrease until delivery. 
Fetal liver T4 metabolism is immature, characterized by low 
T3 levels until week 30. In contrast, reverse T3 levels are high 
until 30 weeks and decline steadily thereafter until term.

FETAL CENTRAL NERVOUS SYSTEM
Clinically relevant indicators o f fetal central nervous system 
function are body movements and breathing movements. 
Fetal activity periods in late gestation are often termed active 
or reactive and quiet or nonreactive. The active cycle is char
acterized by clustering o f gross fetal body movements, a high 
heart rate variability, heart rate accelerations (often followed 
by decelerations), and fetal breathing movements. The quiet 
cycle is noted by absence o f fetal body movements and a low 
variability in the fetal heart period. In this context, fetal heart
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36 Section I Physiology

period variability refers to deviations in the model heart rate 
period averaged over short periods (seconds)52 and is distinct 
from beat-to-beat variability. In the last 6 weeks o f gestation, 
the fetus is in an active state 60%  to 70%  o f the time. The 
average duration o f quiet periods ranges from 15 to 23  
minutes (see Table 4  in Visser and colleagues 2 for a review).

The fetal electrocorticogram shows two predominant 
patterns: low-voltage, high-frequency and high-voltage, low- 
frequency electrocortical patterns. Low-voltage, high-frequency 
activity is associated with bursts of rapid eye movement (REM) 
and fetal breathing movements. Similar to REM sleep in the 
adult, inhibition of skeletal muscle movement is most pro
nounced in muscle groups that have a high percentage of spin
dles. Thus the diaphragm, which is relatively spindle free, is not 
affected. Fetal body movements during low-voltage electrocorti
cal activity are reduced relative to the activity seen during 
high-voltage, low -frequen cy  electrocortical activity.5'’ Polysynaptic 
reflexes elicited by stimulation of afferents from limb muscles 
are relatively suppressed when the fetus is in the low-voltage 
state.14 Short-term hypoxia53 or hypoxemia inhibits reflex limb 
movements, and the inhibitory neural activity arises in the mid
brain area.54 Fetal cardiovascular and behavioral responses to 
maternal cocaine use previously have been attributed to reduc
tions in uteroplacental blood flow and resulting fetal hypoxia. 
However, fetal sheep studies indicate that acute fetal cocaine 
exposure evokes catecholamine, cardiovascular, and neurobehav- 
ioral effects in the absence of fetal oxygenation changes.51 It is 
not yet clear whether cocaine-induced reductions in fetal low- 
voltage electrocortical activity reflect changes in cerebral blood 
flow or a direct cocaine effect on norepinephrine stimulation of 
central regulatory centers. However, these observations are con
sistent with the significant neurologic consequences of cocaine 
use during pregnancy (see Chapter 55).

Fetal breathing patterns are rapid and irregular in nature 
and are not associated with significant fluid movement into 
the lung.16 The central medullary respiratory chemoreceptors 
are stimulated by CO2, and fetal breathing is maintained 
only i f  central hydrogen ion concentrations remain in the 
physiologic range. That is, central (medullary cerebrospinal 
fluid) acidosis stimulates respiratory incidence and depth, 
and alkalosis results in apnea. Paradoxically, hypoxemia 
markedly decreases breathing activity, possibly as a result o f 
inhibitory input from centers above the medulla.

Glucose is the principal substrate for oxidative metabolism 
in the fetal brain under normal conditions. During low- 
voltage electrocortical activity, cerebral blood flow and oxygen 
consumption are increased relative to high-voltage values, with 
an efflux of lactate. During high voltage, the fetal brain shows a 
net uptake of lactate.’9 The fetal cerebral circulation is sensitive 
to changes in arterial oxygen content, and despite marked 
hypoxia-induced increases in cerebral blood flow, cerebral oxygen 
consumption is maintained without widening of the arterial- 
venous oxygen content difference across the brain.60 Increases in 
CO 2 also cause cerebral vasodilation. However, the response to 
hypercarbia is reduced relative to that of the adult.

SUMMARY

The fetus and placenta depend on unique physiologic 
systems to provide an environment that supports fetal 
growth and development in preparation for transition to

extrauterine life. Because specific functions of the various 
physiologic systems are often gestation specific, differences 
between the fetus and adult of one species are often greater 
than the differences between systems. Thus the clinician or 
investigator concerned with fetal life or neonatal transition 
must fully appreciate these aspects of fetal physiology and 
their application to their area of study or treatment.

KEY POINTS

♦ Mean amniotic fluid volume increases from 250 to 
800 mL between 16 and 32 weeks and decreases to 
500 mL at term.

♦ Fetal urine production ranges from 400 to 1200 mL/ 
day and is the primary source of amniotic fluid.

♦ The fetal umbilical circulation receives approximately 
40% of fetal combined ventricular output (300 mL/ 
mg/min).

♦ Umbilical blood flow is 70 to 130 mL/min after 30 
weeks’ gestation.

♦ Fetal cardiac output is constant over a heart rate range 
of 120 to 180 beats/min.

♦ The fetus exists in a state of aerobic metabolism, with 
arterial PO2 values in the 20 to 25 mm Hg range.

♦ Glucose, amino acids, and lactate are the major sub
strates for fetal oxidative metabolism.

♦ Approximately 20% of the fetal oxygen consumption of
8 mL/kg/min is required in the acquisition of new 
tissue.

♦ By week 12 of gestation, thyrotropin-releasing hormone 
is present in the fetal hypothalamus.

♦ Fetal activity periods in late gestation are often termed 
a ctive or rea ctive and qu iet or nonreactive.
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Chapter 3 Maternal Physiology 39

OVERVIEW
Pregnancy is characterized by major adaptations in the maternal 
anatomy, physiology, and metabolism that are necessary to 
achieve a successful pregnancy. Hormonal changes significantly 
alter the maternal physiology and persist throughout both preg
nancy and the postpartum period. These adaptations are pro
found and affect nearly every organ system, and complete 
understanding of these changes is necessary to differentiate 
between physiologic alterations and pathology. This chapter 
describes maternal adaptations in pregnancy and gives specific 
clinical correlations to describe how these changes may affect 
care. A complete understanding of these adaptations will also 
facilitate adequate counseling of patients regarding the physiol
ogy that underlies various “normal” symptoms that they may 
experience.

M any changes in routine laboratory values caused by preg
nancy are described in the following text. For a comprehensive 
review of normal reference ranges for common laboratory tests 
by trimester, please refer to Appendix A.

GESTATIONAL WEIGHT GAIN
Pregnancy is generally characterized as a period of weight gain. 
Studies on the mean gestational weight gain (GWG) of 
normal-weight women giving birth to term infants ranged 
from 22.0 to 36.8 lb during pregnancy.1 The recommenda
tions for weight gain during pregnancy have also evolved 
over time. In the early twentieth century, doctors frequently 
recommended that women gain between 15 and 20 pounds.1 
However, since that era, our understanding of the contributors 
to GWG have become more sophisticated, and simultaneously, 
the body composition of the reproductive-aged population has 
significantly changed. Thus we now have more tailored recom
mendations for GWG that are body mass index (BMI) 
specific.1

GWG consists of the maternal contribution and the weight 
of the products of conception. The maternal contribution 
includes increases in the circulating blood volume, increased 
mass of the uterus and breasts, increased extracellular fluid, and 
fat mass accretion.1 The majority of the accumulated fat mass 
is subcutaneous, but visceral fat also increases.2 The products 
o f conception— the placenta, fetus, and amniotic fluid—  
comprise approximately 35%  to 59%  o f the total GWG.3 The 
pattern of GWG is most commonly described as sigmoidal with 
mean weight gains being highest in the second trimester,4 but 
the pattern depends on BMI. The Institute of Medicine (IOM) 
has issued BMI-specific GWG guidelines based upon these BMI 
differences (Table 3-1). However, since the publication of these 
guidelines, emerging evidence suggests that among women who 
are obese, adverse pregnancy outcomes may be minimized by 
limiting GWG even further; future guidelines may even endorse 
weight loss.5'6

CARDIOVASCULAR SYSTEM  
Heart
Some of the most profound physiologic changes of pregnancy 
take place in the cardiovascular system in order to maximize 
oxygen delivery to both the mother and fetus. The combination 
of displacement of the diaphragm and the effect of pregnancy 
on the shape of the rib cage displaces the heart upward and to

the left. The heart also rotates along its long axis, thereby result
ing in an increased cardiac silhouette on imaging studies. No 
change is evident in the cardiothoracic ratio. Other radiographic 
findings include an apparent straightening of the left-sided heart 
border and increased prominence of the pulmonary conus. It is 
therefore important to confirm the diagnosis o f cardiomegaly 
with an echocardiogram and not simply to rely on radio- 
graphic imaging.

Eccentric cardiac hypertrophy is commonly noted in preg
nancy. It is thought to result from expanded blood volume in 
the first half of pregnancy and progressively increasing afterload 
in later gestation. These changes, similar to those found in 
response to exercise, enable the pregnant woman’s heart to work 
more efficiently. Unlike the heart of an athlete that regresses 
rapidly with inactivity, the pregnant woman’s heart decreases in 
size less rapidly and takes up to 6 months to return to normal.7

Cardiac Output
One o f the most remarkable changes in pregnancy is the 
tremendous increase in cardiac output (CO). A review of 33 
cross-sectional and 19 longitudinal studies revealed that CO 
increased significantly beginning in early pregnancy and peaked 
at an average of 30% to 50% above preconceptional values.8 In 
a longitudinal study using Doppler echocardiography, CO 
increased by 50% at 34 weeks from a prepregnancy value of 
4.88 to 7.34 L/min (Fig. 3-1).8,9 In twin gestations, CO incre
mentally increases an additional 20% above that of singleton 
pregnancies. By 5 weeks’ gestation, CO has already risen by 
more than 10%. By 12 weeks, the rise in output is 34% to 39% 
above nongravid levels, which accounts for about 75% of the 
total increase in CO during pregnancy. Although the literature 
is not clear regarding the exact point in gestation at which 
CO peaks, most studies point to a range between 25 and 30 
weeks.9 The data on whether the CO continues to increase in 
the third trimester are very divergent, with equal numbers of 
good longitudinal studies showing a mild decrease, a slight 
increase, or no change.8 Thus little to no change is likely during 
this period. This apparent discrepancy appears to be explained 
by the small number of individuals in each study and the 
probability that the course of CO during the third trimester is 
determined by factors specific to the individual.8 For example, 
maternal CO in the third trimester is significantly correlated 
with fetal birthweight and maternal height and weight.10

TABLE 3-1 GESTATIONAL WEIGHT GAIN 
RECOMMENDATIONS

TOTAL MEAN (RANGE)
WEIGHT IN LB/WK AFTER
GAIN FIRST TRIMESTER

Underweight prepregnancy 28-40 lb 1 (1-1.3)
BMI (<18.5 kg/m2)

Normal prepregnancy BMI 25-35 lb 1 (0.8-1)
(18.5-24.9 kg/m2)

Overweight prepregnancy 15-25 lb 0.6 (0.5-0.7)
BMI (25.0-29.9 kg/m2)

Obese prepregnancy BMI 11-20 lb 0.5 (0.4-0.6)
(>30 kg/m2)

From Rasmussen KM, Yaktine AL, eds. Committee to Reexamine IOM Pregnancy 
Weight Guidelines, Institute of Medicine, National Research Council. Weight Gain 
D urin g P regnancy: R eexam ining the Guidelines. Washington DC: The National Academies 
Press; 2009.
BMI, body mass index.
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Gestation (wk)

FIG 3-1 Increase in cardiac output, stroke volume, and heart rate from 
the nonpregnant state throughout pregnancy. PN, postnatal; P-P, pre
pregnancy. (From Hunter S, Robson S. Adaptation of the maternal 
heart in pregnancy. Br Heart J. 1992;68:54-0.)

Most o f the increase in cardiac output is directed to the 
uterus, placenta, and breasts. In the first trimester, as in 
the nongravid state, the uterus receives 2% to 3% of CO and 
the breasts 1%. The percentage of CO that goes to the kidneys 
(20%), skin (10%), brain (10%), and coronary arteries (5%) 
remains at similar nonpregnant percentages, but because of the 
overall increase in CO, this results in an increase in absolute 
blood flow of about 50%. By term, the uterus receives 17% (450 
to 650 mL/min) and the breasts 2%, mostly at the expense of
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FIG 3-2 Effect of position change on cardiac output during pregnancy. 
*P <  .05. K-C, knee-chest; L.LAT, left lateral; R.LAT, right lateral; SIT, 
sitting; ST, standing; SUP, supine. (From Clark S, Cotton D, Pivarnik 
J, et al. Position change and central hemodynamic profile during 
normal third-trimester pregnancy and postpartum. Am J Obstet 
Gynecol. 1991 ;164:883.)

a reduction of the fraction of the CO going to the splanchnic 
bed and skeletal muscle. The absolute blood flow to the liver is 
not changed, but the overall percentage of CO is significantly 
decreased.

Cardiac output (CO) is the product o f stroke volume 
(SV) and heart rate (HR; CO = SV X  HR), both o f which 
increase during pregnancy and contribute to the overall 
rise in CO. An initial rise in the HR occurs by 5 weeks’ gesta
tion and continues until it peaks at 32 weeks’ gestation at 15 
to 20 beats above the nongravid rate, an increase of 17%. The 
SV begins to rise by 8 weeks of gestation and reaches its 
maximum at about 20 weeks at 20% to 30% above nonpreg
nant values.

Cardiac output in pregnancy depends on maternal position. 
In a study in 10 normal gravid women in the third trimester, 
using pulmonary artery catheterization, CO was noted to be 
highest in the knee-chest and lateral recumbent positions 
at 6.9 and 6.6 L/min, respectively. CO decreased by 22% to 
5.4 L/min in the standing position (Fig. 3-2). The decrease in 
CO in the supine position, compared with the lateral recum
bent position, is 10% to 30%. In both the standing and the 
supine positions, decreased CO results from a fall in SV 
secondary to decreased blood return to the heart. In the 
supine position, the enlarged uterus compresses the inferior 
vena cava (IVC), which reduces venous return; before 24 
weeks, this effect is not observed. In late pregnancy, the IVC 
is completely occluded in the supine position, and venous 
return from the lower extremities occurs through the dilated 
paravertebral collateral circulation. It is worth noting that 
whereas the original studies of CO were done with invasive 
testing, the current accepted practice is to estimate CO in 
pregnancy using echocardiography."

Despite decreased cardiac output, most supine women are not 
hypotensive or symptomatic because of the compensated rise in 
systemic vascular resistance (SVR). However, 5% to 10% of 
gravidas manifest supine hypotension with symptoms of
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dizziness, lightheadedness, nausea, and even syncope. The 
women who become symptomatic have a greater decrease in CO 
and blood pressure (BP) and a greater increase in HR when in 
the supine position than do asymptomatic women. Interestingly, 
with engagement of the fetal head, less of an effect on CO is 
seen. The ability to maintain a normal BP in the supine position 
may be lost during epidural or spinal anesthesia because of an 
inability to increase SVR. Clinically, the effects of maternal posi
tion on CO are especially important when the mother is clini
cally hypotensive or in the setting of a nonreassuring fetal heart 
rate tracing. The finding of a decreased CO in the standing 
position may give a physiologic basis for the finding of decreased 
birthweight in working women who stand for prolonged 
periods.12 In twin pregnancies, CO is notably 15% higher than 
in singleton pregnancies. This finding is corroborated with find
ings of increased left atrial diameter in twin pregnancies, indicat
ing volume overload.

Arterial Blood Pressure and Systemic 
Vascular Resistance
Blood pressure is the product of cardiac output and systemic 
vascular resistance (BP = CO X SVR). Despite the significant 
increase in cardiac output, the maternal BP is decreased 
until later in pregnancy as a result o f a decrease in SVR that 
reaches its nadir at midpregnancy and is followed by a 
gradual rise until term. Even at full term, SVR remains 21% 
lower than prepregnancy values in pregnancies not affected by 
gestational hypertension or preeclampsia.'3 The most obvious 
cause for the decreased SVR is progesterone-mediated smooth 
muscle relaxation. However, the exact mechanism for the fall in 
SVR is poorly understood and likely involves vasorelaxation via 
the nitric oxide pathway and blunting of vascular responsive
ness to vasoconstrictors such as angiotensin II and norepineph
rine. As a result, despite the overall increase in the 
renin-angiotensin aldosterone system (RAAS), the normal 
gravida is refractory to the vasoconstrictive effects o f angio
tensin II. Gant and colleagues1' showed that nulliparous 
women who later develop preeclampsia retain their response 
to angiotensin II before the appearance o f clinical signs of 
preeclampsia.

Decreases in maternal BP parallel the falling SVR, with initial 
decreased BP that manifests at 8 weeks’ gestation or earlier. 
Because BP fluctuates with menstruation and is decreased in the 
luteal phase, it seems reasonable that BP drops immediately in 
early pregnancy. The diastolic BP and the mean arterial pressure 
(MAP, [2 X diastolic BP + systolic BP]/3) decrease more than 
the systolic BP, which changes minimally. The overall decrease 
in diastolic BP and MAP is 5 to 10 mm Hg (Fig. 3 -3).13 The 
diastolic BP and the MAP reach their nadir at midpregnancy 
and return to prepregnancy levels by term. In most studies, 
they rarely exceed prepregnancy or postpartum values; 
however, some investigators have reported that at term, the 
BP is greater than that in matched nonpregnant controls. 
They have also found that in the third trimester, the BP 
is higher than prepregnant values. As noted previously, 
pregnancy-induced BP changes happen very early, possibly even 
before the patient realizes that she is pregnant, and therefore 
even early pregnancy BP assessments may not be consistent with 
prepregnancy values.15

The position when the BP is taken and what Korotkoff 
sound is used to determine the diastolic BP are important.

Weeks of pregnancy

FIG 3-3 Blood pressure (BP) trends (sitting and lying) during pregnancy. 
Postnatal (PN) measures were performed 6 weeks postpartum. (From 
MacGillivray I, Rose G, Rowe B. Blood pressure survey in pregnancy 
Clin Sci. 1969;37:395.)

BP is lowest in the lateral recumbent position, and the BP 
of the superior arm in this position is 10 to 12 mm Hg 
lower than that in the inferior arm. In the ambulatory 
setting, BP should be measured in the sitting position, and 
the Korotkoff 5 sound should be used. This is the diastolic 
BP when the sound disappears, as opposed to the Korotkoff 4, 
when a muffling of the sound is apparent. In a study of 
250 gravidas, the Korotkoff 4 sound could only be identified 
in 48% of patients, whereas the Korotkoff 5 sound could 
always be determined. The Korotkoff 4 should only be used 
when the Korotkoff 5 occurs at 0 mm H g.16 Automated BP 
monitors have been compared with mercury sphygmomanom- 
etry during pregnancy, and although they tended to overesti
mate the diastolic BP, the overall results were similar in 
normotensive women. Of note in patients with suspected pre
eclampsia, automated monitors appear increasingly inaccurate 
at higher BPs.

Venous Pressure
Venous pressure in the upper extremities remains unchanged 
in pregnancy but rises progressively in the lower extremities.
Femoral venous pressure increases from values near 10 cm H2O 
at 10 weeks’ gestation to 25 cm H2O near term. From a clinical 
standpoint, this increase in pressure— in addition to the obstruc
tion of the IVC by the expanding uterus— leads to the develop
ment of edema, varicose veins, and hemorrhoids and increases 
the risk for deep venous thrombosis (DVT).

Central Hemodynamic Assessment
Clark and colleagues studied 10 carefully selected normal women 
at 36 to 38 weeks’ gestation and again at 11 to 13 weeks’ 
postpartum with arterial lines and Swan-Ganz catheterization 
to characterize the central hemodynamics of term pregnancy 
(Table 3-2). Newer, noninvasive methods of central hemody
namic monitoring are being developed and validated in the 
pregnant population. As described earlier, CO, HR, SVR,
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TABLE 3-2 CENTRAL HEMODYNAMIC CHANGES

11-12 WEEKS 36-38 WEEKS' CHANGE FROM
POSTPARTUM GESTATION NONPREGNANT STATE

Cardiac output (L/min) 4.3 ± 0.9 6.2 ± 1.0 +43%*
Heart rate (beats/min) 71 ± 10.0 83 ± 10.0 +17%*
Systemic vascular resistance (dyne • cm • sec-5) 1530 ± 520 1210 ± 266 -21% *
Pulmonary vascular resistance (dyne • cm • sec-5) 119 ± 47.0 78 ± 22 -34% *
Colloid oncotic pressure (mm Hg) 20.8 ± 1.0 18 ± 1.5 -14% *
Mean arterial pressure (mm Hg) 86.4 ± 7.5 90.3 ± 5.8 NS
Pulmonary capillary wedge pressure (mm Hg) 3.7 ± 2.6 3.6 ± 2.5 NS
Central venous pressure (mm Hg) 3.7 ± 2.6 3.6 ± 2.5 NS
Left ventricular stroke work index (g/m/m2) 41 ± 8 48 ± 6 NS

Modified from Clark S, Cotton D, Lee W, et al. Central hemodynamic assessment of normal term pregnancy. Am J  Obstet Gynecol. 1989; 161:1439. 
Data are presented as mean + standard deviation. Although data on pulmonary artery pressures are not presented, they were not significantly different.
*P<  .05.
NS, not significant.

and pulmonary vascular resistance (PVR) change significantly 
with pregnancy. In addition, clinically significant decreases 
occur in colloidal oncotic pressure (COP) and in the COP- 
pulmonary capillary wedge pressure (PCWP) difference, 
which explains why gravid women have a greater propensity 
for developing pulmonary edema with changes in capillary 
permeability or elevations in cardiac preload. The COP can 
fall even further after delivery, to 17 mm Hg, and i f  the 
pregnancy is complicated by preeclampsia, it can reach levels 
as low as 14  mm Hg.'7 When the PCWP is more than 
4 mm Hg above the COP, the risk for pulmonary edema 
increases; therefore pregnant women can experience pulmo
nary edema at PCWPs o f 18 to 20 mm Hg, which is signifi
cantly lower than the typical nonpregnant threshold o f 
24 mm Hg.

Normal Changes That Mimic Heart Disease
The physiologic adaptations o f pregnancy lead to a number 
of changes in maternal signs and symptoms that can mimic 
cardiac disease and make it difficult to determine whether 
true disease is present. Dyspnea is common to both cardiac 
disease and pregnancy, but certain distinguishing features should 
be considered. First, the onset of pregnancy-related dyspnea 
usually occurs before 20 weeks, and 75% of women experience 
it by the third trimester. Unlike cardiac dyspnea, pregnancy- 
related dyspnea does not worsen significantly with advancing 
gestation. Second, physiologic dyspnea is usually mild, does 
not stop women from performing normal daily activities, 
and does not occur at rest. The mechanism for dyspnea of 
pregnancy is not well characterized but is thought to be 
secondary to the increased effort o f inspiratory muscles.'8 
Other normal symptoms that can mimic cardiac disease include 
decreased exercise tolerance, fatigue, occasional orthopnea, 
syncope, and chest discomfort. Symptoms that should not be 
attributed to pregnancy and that need a more thorough 
investigation include hemoptysis, syncope or chest pain with 
exertion, progressive orthopnea, or paroxysmal nocturnal 
dyspnea. Normal physical findings that could be mistaken as 
evidence of cardiac disease include peripheral edema, mild 
tachycardia, jugular venous distension after midpregnancy, and 
lateral displacement of the left ventricular apex.

Pregnancy also alters normal heart sounds. At the end of 
the first trimester, both components of the first heart sound 
become louder, and exaggerated splitting is apparent. The

second heart sound usually remains normal with only minimal 
changes. Up to 80% to 90% of gravidas demonstrate a third 
heart sound (S3) after midpregnancy because of rapid diastolic 
filling. Rarely, a fourth heart sound may be auscultated, but 
typically phonocardiography is needed to detect this. Systolic 
ejection murmurs along the left sternal border develop in 96% 
of pregnancies, and increased blood flow across the pulmonic 
and aortic valves is thought to be the cause. Most commonly, 
these are midsystolic and less than grade 3. Diastolic murmurs 
have been found in up to 18%  o f gravidas, but their pres
ence is uncommon enough to warrant further evaluation. A 
continuous murmur in the second to fourth intercostal space 
may be heard in the second or third trimester owing to the 
so-called mammary souffle caused by increased blood flow in 
the breast (Fig. 3-4).

Troponin 1 and creatinine kinase-MB levels are tests used to 
assess myocardial injury in acute myocardial infarction. Uterine 
contractions can lead to significant increases in the creatinine 
kinase-MB level, but troponin levels are not affected by preg
nancy or labor.11

Effect of Labor and the Immediate Puerperium
The profound anatomic and functional changes in cardiac 
function reach a crescendo during the labor process. In addi
tion to the dramatic rise in cardiac output with normal preg
nancy, even greater increases in cardiac output occur with 
labor and in the immediate puerperium. In a Doppler echo
cardiography study9 of 15 uncomplicated cases without epidural 
anesthesia, the CO between contractions increased 12% during 
the first stage of labor (Fig. 3-5). This increase in CO is caused 
primarily by an increased SV, but H R may also rise. By the end 
of the first stage of labor, the CO during contractions is 51% 
above baseline term pregnancy values (6.99 to 10.57 L/min). 
Increased CO is in part secondary to increased venous return 
from the 300- to 500-mL autotransfusion that occurs at the 
onset of each contraction as blood is expressed from the uterus.2" 
Paralleling increases in CO, the MAP also rises in the first stage 
of labor, from 82 to 91 mm Hg in early labor to 102 mm Hg 
by the beginning of the second stage. MAP also increases with 
uterine contractions.

Much of the increase in CO and MAP is due to pain and 
anxiety. W ith epidural anesthesia, the baseline increase in CO 
is reduced, but the rise observed with contractions persists. 
Maternal posture also influences hemodynamics during labor.
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FIG 3-4 Summary of the findings on auscultation of the heart in pregnancy. MC, mitral closure; TC, tricuspid closure; A2 and P2, aortic and 
pulmonary elements of the second heart sound. (From Cutforth R, MacDonald C. Heart sounds and murmurs in pregnancy. Am Heart J 
1966;71:741.)
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FIG 3-5 Changes in cardiac output during normal labor. (From Hunter 
S, Robson S. Adaptation of the maternal heart in pregnancy. Br Heart 
J  1992:68:540.)

Changing position from supine to lateral recumbent increases 
CO. This change is greater than the increase seen before labor 
and suggests that during labor, CO may be more dependent 
on preload. Therefore it is important to avoid the supine 
position in laboring women and to give a sufficient fluid 
bolus before an epidural to maintain an adequate preload.

In the immediate postpartum period (10 to 30 min after 
delivery), with a further rise in cardiac output o f 10%  to 20%, 
CO reaches its maximum. This increase is accompanied by a 
fall in the maternal HR that is likely secondary to increased SV. 
Traditionally, this rise was thought to be the result of uterine 
autotransfusion as described earlier with contractions, but the 
validity of this concept is uncertain. In both vaginal and elective 
cesarean deliveries, the maximal increase in the CO occurs 10 
to 30 min after delivery and returns to the prelabor baseline 1 
hour after delivery. The increase was 37%  with epidural anes
thesia and 28%  with general anesthesia. Over the next 2 to 4 
postpartum weeks, the cardiac hemodynamic parameters return 
to near-preconceptional levels.21

Cardiac Rhythm
The effect o f pregnancy on cardiac rhythm is limited to an 
increase in HR and a significant increase in isolated atrial 
and ventricular contractions. In a Holter monitor study,22 
110 pregnant women referred for evaluation of symptoms of 
palpitations, dizziness, or syncope were compared with 52 
healthy pregnant women. Symptomatic women had similar 
rates of isolated sinus tachycardia (9%), isolated premature 
atrial complexes (56%), and premature ventricular contractions 
(PVCs; 49%) but increased rates of frequent PVCs greater than 
10/hour (22% vs. 2%, P  = .03). A subset of patients with fre
quent premature atrial complexes or PVCs had comparative 
Holter studies performed postpartum that revealed an 85% 
decrease in arrhythmia frequency (P  < .05). This dramatic de
cline, with patients acting as their own controls, supports the 
arrhythmogenic effect of pregnancy. In a study of 30 healthy 
women placed on Holter monitors during labor, a similarly high 
incidence of benign arrhythmias was found (93%). Reassuringly, 
the prevalence of concerning arrhythmias was no higher than 
expected. An unexpected finding was a 35% rate of asymptom
atic bradycardia, defined as an HR of less than 60 beats/min in 
the immediate postpartum period. Other studies have shown 
that women with preexisting tachyarrhythmias have an increased 
incidence of these rate abnormalities during pregnancy. W heth
er labor increases the rate o f arrhythmias in women with 
cardiac disease has not been thoroughly studied, but multi
ple case reports suggest labor may increase arrhythmias in 
these women.

HEMATOLOGIC CHANGES 
Plasma Volume and Red Cell Mass
Maternal blood volume begins to increase at about 6 weeks’ 
gestation. Thereafter, it rises progressively until 30 to 34  
weeks and then plateaus until delivery. The average expan
sion o f blood volume is 40%  to 50%  (range 20% to 100%). 
Women with multiple pregnancies have a larger increase in 
blood volume than those with singletons. Likewise, volume 
expansion correlates with infant birthweight, but it is not clear 
whether this is a cause or an effect. The increase in blood volume 
results from a combined expansion of both plasma volume and 
red blood cell (RBC) mass. The plasma volume begins to
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increase by 6 weeks and expands at a steady pace until it 
plateaus at 30 weeks’ gestation; the overall increase is about
50% (1200 to 1300 mL). The exact etiology of the expansion 
of the blood volume is unknown, but the hormonal changes 
of gestation and the increase in nitric oxide (NO) play impor
tant roles.

Erythrocyte mass also begins to expand at about 10 weeks 
gestation. Although the initial slope of this increase is slower 
than that of the plasma volume, erythrocyte mass continues to 
grow progressively until term without plateauing. Without iron 
supplementation, RBC mass increases about 18% by term, from 
a mean nonpregnant level of 1400 mL up to 1650 mL. Supple
mental iron increases RBC mass accumulation to 400 to 
450 mL, or 30%, and a corresponding improvement is seen 
in hemoglobin levels. Because plasma volume increases more 
than the RBC mass, maternal hematocrit falls. This so-called 
physiologic anemia o f pregnancy reaches a nadir at 30 to 34  
weeks. Because the RBC mass continues to increase after 30 
weeks when the plasma volume expansion has plateaued, the 
hematocrit may rise somewhat after 30 weeks (Fig. 3-6). The 
mean and fifth-percentile hemoglobin concentrations for normal 
iron-supplemented pregnant women are outlined in Table 3-3. 
A hemoglobin level that reaches its nadir at 9 to 11 g/dL has

Weeks of pregnancy

FIG 3-6 Blood volume changes during pregnancy. RBC, red blood 
cell. (From Scott DE. Anemia in pregnancy. Obstet Gynecol Annu. 
1972;1:219-244.)

TABLE 3-3 HEMOGLOBIN VALUES IN PREGNANCY

GESTATION MEAN 5TH PERCENTILE
(WK) HEMOGLOBIN (g/dL) HEMOGLOBIN (g/dL)

12 12.2 11.0
16 11.8 10.6
20 11.6 10.5
24 11.6 10.5
28 11.8 10.7
32 12.1 11.0
36 12.5 11.4
40 12.9 11.9

From U.S. Department of Health and Human Services. Recommendations to prevent 
and control iron deficiency in the United States. MMWR M orb M orta l Wkly Rep.
1998;47:1.

been associated with the lowest rate of perinatal mortality, 
whereas values below or above this range have been linked to an 
increased perinatal mortality."3

In pregnancy, erythropoietin levels increase twofold to three
fold, starting at 16 weeks, and they may be responsible for the 
moderate erythroid hyperplasia found in the bone marrow and 
for the mild elevations in the reticulocyte count. The increased 
blood volume is protective given the possibility of hemorrhage 
during pregnancy or at delivery The larger blood volume also 
helps fill the expanded vascular system created by vasodilation 
and by the large, low-resistance vascular pool within the utero
placental unit, thereby preventing hypotension.ls

Vaginal delivery o f a singleton infant at term is associated 
with a mean blood loss o f 500 mL; an uncomplicated cesar
ean delivery, about 1000 mL; and a cesarean hysterectomy, 
1500 mL.2'1 In a normal delivery, almost all of the blood loss 
occurs in the first hour. Pritchard and colleagues2"1 found that 
over the subsequent 72 hours, only 80 mL of blood is lost. 
Gravid women respond to blood loss in a different fashion than 
in the nonpregnant state. In pregnancy, the blood volume 
drops after postpartum bleeding, but no reexpansion to the 
prelabor level occurs, and less o f a change is seen in the 
hematocrit. Indeed, instead o f volume redistribution, an 
overall diuresis o f the expanded water volume occurs post
partum. After delivery with average blood loss, the hematocrit 
drops moderately for 3 to 4 days, followed by an increase. By 
days 5 to 7, the postpartum hematocrit is similar to the prelabor 
hematocrit. I f the postpartum hematocrit is lower than the 
prelabor hematocrit, either the blood loss was greater than 
appreciated, or the hypervolemia o f pregnancy was less than 
normal, as in preeclampsia."4

Iron Metabolism
Iron absorption from the duodenum is limited to its ferrous 
(divalent) state, the form found in iron supplements. Ferric 
(trivalent) iron from vegetable food sources must first be 
converted to the divalent state by the enzyme ferric reduc
tase. If body iron stores are normal, only about 10% of ingested 
iron is absorbed, most of which remains in the mucosal cells or 
enterocytes until sloughing leads to excretion in the feces (1 mg/ 
day). Under conditions of increased iron needs, such as during 
pregnancy, the fraction of iron absorbed increases. After absorp
tion, iron is released from the enterocytes into the circulation, 
where it is carried bound to transferrin to the liver, spleen, 
muscle, and bone marrow. In those sites, iron is freed from 
transferrin and is incorporated into hemoglobin (75% of iron) 
and myoglobin or is stored as ferritin and hemosiderin. M en
struating women have about half the iron stores of men, with 
total body iron of 2 to 2.5 g and iron stores of only 300 mg. 
Before pregnancy, 8% to 10% of women in Western nations 
have an iron deficiency.

The iron requirements o f gestation are about 1000 mg. 
This includes 500 mg used to increase the maternal RBC 
mass (1 mL o f erythrocytes contains 1.1 mg iron), 300 mg 
transported to the fetus, and 200 mg to compensate for the 
normal daily iron losses by the mother. Thus the normal 
expectant woman needs to absorb an average of 3.5 mg/day of 
iron. In actuality, the iron requirements are not constant but 
increase remarkably during the pregnancy from 0.8 mg/day in 
the first trimester to 6 to 7 mg/day in the third trimester. The 
fetus receives its iron through active transport via transferrin 
receptors located on the apical surface of the placental
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syncytiotrophoblast. Holotransferrin is then endocytosed, and 
the iron is released and follows a similar pattern to reach the 
fetal circulation. In the setting of maternal iron deficiency, the 
number of placental transferrin receptors increases so that more 
iron is taken up by the placenta; however, the capacity of this 
compensatory mechanism can be inadequate and can result in 
fetal iron deficiency. Maternal iron deficiency anemia has also 
been associated with adverse pregnancy outcomes, such as low 
birthweight infants and preterm birth.^ For a review on the use 
of supplemental iron in pregnancy, see Chapter 44.

Platelets
Before the introduction of automated analyzers, studies of plate
let counts during pregnancy reported conflicting results. Even 
with the availability of automated cell counters, the data on the 
change in platelet count during pregnancy are still somewhat 
unclear. Pitkin and colleagues26 measured platelet counts in 23 
women every 4 weeks and found that the counts dropped 
from 322 ± 75 X 103/mm3 in the first trimester to 278 ± 75 X 

103/mm3 in the third trimester. More recent studies confirm a 
decline in the platelet count during gestation possibly caused 
by increased destruction or hemodilution. In addition to the 
mild decrease in the mean platelet count, Burrows and 
Kelton2 demonstrated that in the third trimester, about 8%  
of gravidas develop gestational thrombocytopenia with 
platelet counts between 70,000 and 150,000/mm3. Gesta
tional thrombocytopenia is not associated with an increase 
in pregnancy complications,2” and platelet counts return to 
normal by 1 to 2 weeks postpartum (see Chapter 44). M any 
features of gestational thrombocytopenia are similar to those of 
mild immune thrombocytopenia, so the etiology may be immu
nologic.2' Another hypothesis is that gestational thrombocyto
penia is due to exaggerated platelet consumption, similar to that 
seen in normal pregnancy.27 Consistent with these findings, 
Boehlen and associates29 compared platelet counts during the 
third trimester of pregnancy with those in nonpregnant controls 
and showed a shift to a lower mean platelet count and an overall 
shift to the left of the “platelet curve” in the pregnant women

(Fig. 3-7). This study found that only 2.5% of nonpregnant 
women have platelet counts less than 150,000/mm3, the tradi
tional value used outside of pregnancy as the cutoff for normal, 
versus 11.5% of gravid women. A platelet count o f less than 
116,000/mm3 occurred in 2.5%  o f gravid women; therefore 
these investigators recommended using this value as the 
lower limit for normal in the third trimester. In addition, they 
suggested that workups for the etiology of decreased platelet 
count were unneeded at values above this level.29

The normal decrease in platelet count is associated with 
an increase in platelet aggregability. This is evidenced by 
decreased platelet-function analyzer (PFA-100) values, which 
signify a decreased time for a platelet plug to occlude an aperture 
in a collagen membrane and measures the ability of platelets 
to occlude a vascular breach. 11 Thus while the number of 
platelets decreases, platelet function increases to maintain 
hemostasis.

Leukocytes
The peripheral white blood cell (WBC) count rises progres
sively during pregnancy. During the first trimester, the mean 
W BC count is 8000/mm3 with a normal range of 5110 to 9900/ 
mm3. During the second and third trimesters, the mean is 8500/ 
mm3 with a range of 5600 to 12,200/mm3.31 In labor, the count 
may rise to 20,000 to 30,000/mm3, and counts are highly cor
related with labor progression as determined by cervical dilation. 
Because o f the normal increase o f WBCs in labor, the WBC  
count should not be used clinically in determining the pres
ence o f infection. The increase in the W BC count is largely due 
to increases in circulating segmented neutrophils and granulo
cytes, whose absolute number is nearly doubled at term. The 
reason for the increased leukocytosis is unclear, but it may be 
caused by the elevated estrogen and cortisol levels. Leukocyte 
levels return to normal within 1 to 2 weeks of delivery.

Coagulation System
Pregnancy places women at a fivefold to sixfold increased risk 
for thromboembolic disease (see Chapter 45). This greater risk
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46 Section I Physiology

is caused by increased venous stasis, vessel wall injury, and 
changes in the coagulation cascade that lead to hypercoagulabil
ity. The increase in venous stasis in the lower extremities is due 
to compression of the IVC and the pelvic veins by the enlarging 
uterus. The hypercoagulability is caused by an increase in 
several procoagulants, a decrease in the natural inhibitors of 
coagulation, and a reduction in fibrinolytic activity. These 
physiologic changes provide defense against peripartum 
hemorrhage.

Most of the procoagulant factors from the coagulation cascade 
are markedly increased, including factors I, VII, VIII, IX, and 
X. Factors II, V, and XII are unchanged or m ildly increased, and 
levels of factors XI and XIII decline. Plasma fibrinogen (factor 
I) levels begin to increase in the first trimester and peak in the 
third trimester at levels 50% higher than before pregnancy. The 
rise in fibrinogen is associated with an increase in the erythrocyte 
sedimentation rate. In addition, pregnancy causes a decrease in 
the fibrinolytic system with reduced levels of available circulat
ing plasminogen activator, a twofold to threefold increase in 
plasminogen activator inhibitor 1 (PAI-1), and a 25-fold increase 
in PAI-2. The placenta produces PAI-1 and is the primary source 
of PAI-2.

Pregnancy has been shown to cause a progressive and 
significant decrease in the levels o f total and free protein S 
from early in pregnancy, but it has no effect on the levels of 
protein C and antithrombin III.32 The activated protein C 
(APC)/sensitivity (S) ratio, the ratio of the clotting time in the 
presence and the absence of APC, declines during pregnancy. 
The APC/S ratio is considered abnormal if  it is less than 2.6. In 
a study of 239 women,32 the APC/S ratio decreased from a mean 
of 3.12 in the first trimester to 2.63 by the third trimester. By 
the third trimester, 38% of women were found to have an 
acquired APC resistance, with APC/S ratio values below 2.6. 
Whether the changes in the protein-S level and the APC/S ratio 
are responsible for some of the hypercoagulability of pregnancy 
is unknown. If a workup for thrombophilias is performed 
during gestation, the clinician should use caution when 
attempting to interpret these levels i f  they are abnormal. 
Ideally the clinician should order DNA testing for the 
Leiden mutation instead o f testing for APC. For protein-S 
screening during pregnancy, the free protein-S antigen level 
should be tested, with normal levels in the second and third 
trimesters being identified as greater than 30%  and 24%, 
respectively.33

Most coagulation testing is unaffected by pregnancy. The 
prothrombin time (PT), activated partial thromboplastin 
time (PTT), and thrombin time all fall slightly but remain 
within the limits o f normal nonpregnant values, whereas the 
bleeding time and whole blood clotting times are unchanged. 
Testing for von Willebrand disease is affected in pregnancy 
because levels of factor VIII, von Willebrand factor activity and 
antigen, and ristocetin cofactor all increase.34 Levels of coagula
tion factors normalize 2 weeks postpartum.

Researchers have found evidence to support the theory that 
during pregnancy, a state of low-level intravascular coagulation 
occurs. Low concentrations of fibrin degradation products 
(markers of fibrinolysis), elevated levels of fibrinopeptide A (a 
marker for increased clotting), and increased levels of platelet 
factor 4 and (3-thromboglobulin (markers of increased platelet 
activity) have been found in maternal blood. The most likely 
cause for these findings involves localized physiologic changes 
needed for maintenance of the uterine-placental interface.

TABLE 3-4 REFERENCE RANGES FOR
THROMBOELASTOGRAPHY IN PREGNANCY

AVERAGE SD

R 6.19 1.85
K 1.9 0.56
a 69.2 6.55
MA 73.2 4.41
Ly30 0.58 1.83

From Antony K, Mansouri R, Arndt M, et al. Establishing thromboelastography and 
platelet-function analyzer reference ranges and other measures in healthy term pregnant 
women. Am J  Perinatol. 2015;32: 545-554.
SD, standard deviation.

The complex array of procoagulative changes can be further 
illustrated via emerging point-of-care analyses, such as 
thromboelastography and rotational thromboelastography. 
Briefly, these assays provide a visual and numeric representation 
of the rate of clot formation and the stability of the clot, which 
allows a detailed analysis of the expected hypercoagulable state 
and, if  indicated, targets for transfusion.31 Use of these tests in 
pregnancy requires caution, however, because physiologic values 
vary in pregnancy compared with a nonpregnant state; these 
changes reflect a procoagulative state.36,3 Reference ranges for 
pregnancy are shown in Table 3-4.

RESPIRATORY SYSTEM  
Upper Respiratory Tract
During pregnancy, the mucosa of the nasopharynx becomes 
hyperemic and edematous with hypersecretion of mucus due to 
increased estrogen. These changes often lead to marked nasal 
stuffiness and decreased nasal patency; 27% of women at 12 
weeks’ gestation report nasal congestion and rhinitis, and this 
increases to 42% at 36 weeks’ gestation. This decreased patency 
can lead to anesthesia complications; in fact, the Mallampati 
score is demonstrably increased (see Chapter 16).38 Epistaxis is 
also common and may rarely require surgery. Additionally, the 
placement of nasogastric tubes may cause excessive bleeding if 
adequate lubrication is not used.18 Polyposis of the nose and 
nasal sinuses develops in some individuals but regresses postpar
tum. Because o f these changes, many gravid women com
plain o f chronic cold symptoms. However, the temptation to 
use nasal decongestants should be avoided because o f the risk 
for hypertension and rebound congestion.

Mechanical Changes
The configuration of the thoracic cage changes early in preg
nancy, much earlier than can be accounted for by mechanical 
pressure from the enlarging uterus. Relaxation of the ligamen
tous attachments between the ribs and sternum may be respon
sible. The subcostal angle increases from 68 to 103 degrees, the 
transverse diameter of the chest expands by 2 cm, and the chest 
circumference expands by 5 to 7 cm. As gestation progresses, 
the level of the diaphragm rises 4 cm; however, diaphragmatic 
excursion is not impeded and actually increases 1 to 2 cm. This 
increased diaphragmatic excursion is the effect of progesterone, 
which acts at the level of the central chemoreceptors to increase 
diaphragmatic effort and results in greater negative inspiratory 
pressures.19 Respiratory muscle function is not affected by 
pregnancy, and maximal inspiratory and expiratory pressures 
are unchanged.
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Chapter 3 Maternal Physiology

Lung Volume and Pulmonary Function
The described alterations in chest wall configuration and in the 
diaphragm lead to changes in static lung volumes. In a review 
of studies with at least 15 subjects, compared with nonpregnant 
controls, Crapo18 found significant changes (Fig. 3-8, Table 3-5). 
The elevation of the diaphragm decreases the volume of the 
lungs in the resting state, thereby reducing total lung capacity 
(TLC) and the functional residual capacity (FRC). The FRC can 
be subdivided into expiratory reserve volume (ERV) and residual 
volume (RV), and both decrease.

Some spirometric measurements to assess bronchial flow are 
unchanged in pregnancy, whereas others are altered. Historically, 
it has been well accepted that the forced expiratory volume in 1 
second (FEV) does not change, which suggests that the airway 
function remains stable. However, FEV! may indeed decrease 
across pregnancy under certain circumstances, such as high alti
tude. Different studies have observed varied effects on the peak 
expiratory flow. In a longitudinal study of the peak flow in 38 
women from the first trimester until 6 weeks postpartum, peak 
flows had a statistically significant decrease as gestation pro
gressed, but the amount of the decrease was of questionable

FIG 3-8 Lung volumes in nonpregnant and pregnant women. ERV, 
expiratory reserve; FRC, functional residual capacity; 1C, inspiratory 
capacity; IRV, inspiratory reserve; RV, residual volume; TLC, total lung 
capacity; TV, tidal volume; VC, vital capacity. (From Cruickshank DP, 
Wigton TR, Hays PM. Maternal physiology in pregnancy. In Gabbe 
SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem 
Pregnancies, 3rd ed. New York: Churchill Livingstone; 1996, p 94.)

clinical significance.40 Likewise, a small decline in the peak flow 
was found in the supine position versus the standing or sitting 
position. In a similar study of 80 women, peak expiratory flow 
(PEF) was found to increase progressively after 14 to 16 weeks.111 
Notably, these values were also significantly higher at any time 
point during pregnancy in parous compared with nulliparous 
women, which may suggest that this change is permanent.41 An 
additional finding of this study was that no differences in forced 
vital capacity (FVC), FEV,, or PEF were noted based on over
weight status or excess gestational weight gain. In summary, 
both spirometry and peak flowmeters can be used to diag
nose and manage respiratory illness, but the clinician should 
ensure that measurements are performed in the same mater
nal position.40

Gas Exchange
Increasing progesterone levels drive a state o f chronic hyper
ventilation, as reflected by a 30%  to 50% increase in tidal 
volume by 8 weeks’ gestation. In turn, increased tidal volume 
results in an overall parallel rise in minute ventilation, despite 
a stable respiratory rate (minute ventilation = tidal volume x 
respiratory rate). The rise in minute ventilation, combined with 
a decrease in FRC, leads to a larger than expected increase in 
alveolar ventilation (50% to 70%). Chronic mild hyperventila
tion results in increased alveolar oxygen (PaO2) and decreased 
arterial carbon dioxide (PaCO2) from normal levels (Table 
3-6). The drop in the PaCO2 is especially critical because it 
drives a more favorable CO2 gradient between the fetus and 
mother, which facilitates CO2 transfer. The low maternal 
PaCO2 results in a chronic respiratory alkalosis. Partial renal 
compensation occurs through increased excretion of bicarbon
ate, which helps maintain the pH between 7.4 and 7.45 and 
lowers the serum bicarbonate levels. Early in pregnancy, the 
arterial oxygen (PaO2) increases (106 to 108 mm Hg) as the 
PaCO2 decreases, but by the third trimester, a slight decrease in 
the PaO2 (101 to 104 mm Hg) occurs as a result of the enlarging 
uterus. This decrease in the PaO2 late in pregnancy is even more 
pronounced in the supine position; one study found a further 
drop of 5 to 10 mm Hg and an increase in the alveolar-to- 
arterial gradient to 26 mm Hg. Up to 25% of women may 
exhibit a PaO2 of less than 90 mm Hg. The mean PaO2 is lower 
in the supine position than in the sitting position.18,42

As the minute ventilation increases, a simultaneous but 
smaller increase in oxygen uptake and consumption occurs. 
Most investigators have found maternal oxygen consumption 
to be 20%  to 40%  above nonpregnant levels. This increase

TABLE 3-5 LUNG VOLUMES AND CAPACITIES IN PREGNANCY

MEASUREMENT DEFINITION
CHANGE IN 
PREGNANCY

Respiratory rate 
Vital capacity (VC)
Inspiratory capacity (IC)
Tidal volume (TV)
Inspiratory reserve volume (IRV) 
Functional residual capacity 
Expiratory reserve volume (ERV) 
Residual volume (RV)
Total lung capacity

Number of breaths per minute
Maximal amount of air that can be forcibly expired after maximal inspiration (IC + ERV) 
Maximal amount of air that can be inspired from resting expiratory level (TV + IRV) 
Amount of air inspired and expired with a normal breath 
Maximal amount of air that can be inspired at the end of normal inspiration 
Amount of air in lungs at resting expiratory level (ERV + RV)
Maximal amount of air that can be expired from resting expiratory level
Amount of air in lungs after maximal expiration
Total amount of air in lungs at maximal inspiration (VC + RV)

Unchanged 
Unchanged 
Increased 5%-10% 
Increased 30%-40% 
Unchanged 
Decreased 20% 
Decreased 15%-20% 
Decreased 20%-25% 
Decreased 5%

From Cruickshank DP, Wigton TR, Hays PM. Maternal physiology in pregnancy. In Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and Problem Pregnancies, 3rd ed. 
New York: Churchill Livingstone; 1996.
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18 Section I Physiology

TABLE 3-6 BLOOD GAS VALUES IN THE THIRD 
TRIMESTER OF PREGNANCY

TABLE 3-7 CHARACTERISTICS OF SLEEP 
IN PREGNANCY

PREGNANT NONPREGNANT STAGE OF 
PREGNANCY

SUBJECTIVE
SYMPTOMS

Pa02 (mm Hg)* 101.8 ± 1 93.4 ± 2.04
Arterial hemoglobin saturation 98.5 ± 0.7 98 ± 0.8 First trimester Increased total

(% r sleep time:
PaC02 (mm Hg)* 30.4 ± 0.6 40 ± 2.5 increase in
pH* 7.43 ± 0.006 7.43 ± 0.02 naps
Serum bicarbonate (HC03) 21.7 ± 1.6 25.3 ± 1.2 Increased daytime

(mmol/L) sleepiness
Base deficit (mmol/L)* 3.1 ± 0.2 1.06 ± 0.6 Increased
Alveolar-arterial gradient 16.1 ± 0.9 15.7 + 0.6 nocturnal

OBJECTIVE SYMPTOMS 
(POLYSOMNOGRAPHY)*

Increased total sleep time 
Decreased stage 3 and 4 

non-REM sleep

[P(A-a)Q2] (mm Hg)*

*Data from Templeton A, Kelman G. Maternal blood-gases (PA02-P a02), physiological 
shunt and VD/VT in normal pregnancy. Br J  Anaesth 1976;48:1001. Data presented as 
mean ± standard error of the mean.
+Data from McAuliffe F, Kametas N, Krampl E. Blood gases in prepregnancy at sea level 
and at high altitude. Br J  Obstet Gynaecol. 2001; 108:980. Data presented as mean ± 
standard deviation.

occurs as a result o f the oxygen requirements o f the fetus and 
placenta and the increased oxygen requirement o f maternal 
organs. W ith exercise or during labor, an even greater rise in 
both minute ventilation and oxygen consumption takes place.18 ,8 
During a contraction, oxygen consumption can triple. As a 
result o f the increased oxygen consumption, and because the 
FRC is decreased, a lowering o f the maternal oxygen reserve 
occurs. Therefore the pregnant patient is more susceptible to 
the effects o f apnea, such as during intubation, when a more 
rapid onset o f hypoxia, hypercapnia, and respiratory acidosis 
is seen. Indeed, the desaturation time after thorough preoxygen
ation is shortened from 9 minutes in the nonpregnant state to 
3 minutes in pregnancy.

Sleep
Pregnancy causes both an increase in sleep disorders and 
significant changes in sleep profile and pattern that persist 
into the postpartum period.4’ Pregnancy causes such signifi
cant changes that the American Academy of Sleep Medicine has 
described a specific pregnancy-associated sleep disorder: diag
nostic criteria include a complaint of either insomnia or exces
sive sleepiness with onset during pregnancy. Sleep disturbances 
are associated with poor health outcomes in the general popula
tion, and emerging evidence suggests that abnormal sleep pat
terns in pregnancy may contribute to certain complications, 
such as hypertensive disorders and fetal growth restriction.31’44 
It is well known that hormones and physical discomfort affect 
sleep (Table 3-7). W ith the dramatic change in hormone levels 
and the significant mechanical effects that make women more 
uncomfortable, it is not difficult to understand why sleep is 
profoundly affected. Multiple authors have investigated the 
changes in sleep during pregnancy using questionnaires, sleep 
logs, and polysomnographic studies. From these studies, inves
tigators have shown that most pregnant women (66% to 94%) 
report alterations in sleep that lead to the subjective percep
tion o f poor sleep quality. Sleep disturbances begin as early as 
the first trimester and worsen as the pregnancy progresses.41 
During the third trimester, multiple discomforts occur that can 
impair sleep: urinary frequency, backache, general abdominal 
discomfort and contractions, leg cramps, restless legs syndrome 
(RLS), heartburn, and fetal movement. Interestingly, no changes

Second trimester

Third trimester

insomnia 
Normalization of 

total sleep time 
Increased 

awakenings 
Decreased total 

sleep time 
Increased 

insomnia 
Increased 

nocturnal 
awakenings 

Increased daytime 
sleepiness

Normal total sleep time 
Decreased stage 3 and 4 

non-REM sleep 
Decreased REM sleep 
Decreased total sleep time 
Increased awakenings after 

sleep onset 
Increased stage 1 non-REM 

sleep
Decreased stage 3 and 4 

non-REM sleep 
Decreased REM sleep

Modified from Santiago J, Nolledo M, Kinzler W. Sleep and sleep disorders in pregnancy. 
Ann Intern Med. 2001; 134:396.
*Rapid eye movement (REM) sleep is important for cognition and makes up 20%-25% 
of sleep. Stage 1 and 2 non-REM sleep, or light sleep, makes up 55% of sleep. Stage 3 
and 4 non-REM sleep, or deep sleep, is important for rest and makes up 20% of sleep.

are seen in melatonin levels, which modulate the body’s circa
dian pacemaker.

In general, pregnancy is associated with a decrease in rapid 
eye movement (REM) sleep and a decrease in stage 3 and 4 
non-REM sleep. REM sleep is important for cognitive think
ing, and stage 3 and 4 non-REM sleep is the so-called deep sleep 
that is important for rest. In addition, with advancing gesta
tional age, a decrease in sleep efficiency and continuity and an 
increase in awake time and daytime somnolence is observed. 
By 3 months postpartum, the amount of non-REM and REM 
sleep recovers, but a persistent decrease in sleeping efficiency 
and nocturnal awakenings occurs, presumably because of the 
newborn.43 Although pregnancy causes changes in sleep, it is 
important for the clinician to consider other primary sleep 
disorders that may be unrelated to pregnancy, such as sleep 
apnea. The physiologic changes of pregnancy also increase the 
incidence of sleep-disordered breathing, which includes snoring 
(in up to 35% of women), upper airway obstruction,38 and 
potentially obstructive sleep apnea (OSA). The prevalence of 
sleep apnea in pregnancy is unknown and has been difficult to 
determine; the screening questionnaires appear to perform 
poorly in pregnancy, likely due to the frequency of daytime 
sleepiness and snoring in pregnancy in the absence of OSA.46 
When it is diagnosed or highly suspected based upon symptoms, 
OSA appears to increase the risk for intrauterine growth restric
tion (IUGR) and gestational hypertension via endothelial dys
function.44 Women with excessive daytime sleepiness, loud 
excessive snoring, and witnessed apneas should be evaluated 
for OSA with overnight polysomnography. In addition, indi
viduals with known sleep apnea may need repeat sleep studies
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Chapter 3 Maternal Physiology 49

to determine whether changes in treatment are necessary to 
prevent intermittent hypoxia.1

Although the majority of gravidas have sleep problems, most 
do not complain to their providers or ask for treatment. Treat
ment options include improving sleep habits by avoiding 
fluids after dinner, establishing regular sleep hours, avoiding 
naps and caffeine, minimizing bedroom noises, and using 
pillow support. Other options include relaxation techniques, 
managing back pain, and use of sleep medications such as 
diphenhydramine (Benadryl) and zolpidem (Ambien).

Another potential cause of sleep disturbances in pregnancy is 
the development of restless legs syndrome (RLS) and periodic 
leg movements during sleep. RLS is a neurosensory disorder that 
typically begins in the evening and can prevent women from 
falling asleep. Pregnancy can be a cause of this syndrome, and 
in one study, up to 34% of gravidas reported symptoms of RLS, 
although the true prevalence of this disorder during pregnancy 
is unknown.-48 If treatment is needed, options include improving 
sleep habits, use of an electric vibrator to the calves, and use of 
a dopaminergic agent such as levodopa or carbidopa.

URINARY SYSTEM  
Anatomic Changes
The kidneys enlarge during pregnancy, with the length as mea
sured by intravenous pyelography increasing about 1 cm. This 
growth in size and weight is due to increased renal vasculature, 
interstitial volume, and urinary dead space. The increase in 
urinary dead space is attributed to dilation o f the renal 
pelvis, calyces, and ureters. Pelvicalyceal dilation by term 
averages 15 mm (range, 5 to 25 mm) on the right and 5 mm 
(range, 3 to 8 mm) on the left.49

The well-known dilation o f the ureters and renal pelvis 
begins by the second month o f pregnancy and is maximal by 
the middle o f the second trimester, when ureteric diameter 
may be as much as 2 cm. The right ureter is almost invariably 
dilated more than the left, and the dilation usually cannot be 
demonstrated below the pelvic brim. These findings have led 
some investigators to argue that the dilation is caused entirely 
by mechanical compression of the ureters by the enlarging uterus 
and ovarian venous plexus. However, the early onset of ureteral 
dilation suggests that smooth muscle relaxation caused by 
progesterone plays an additional role. Also supporting the role 
of progesterone is the finding of ureteral dilation in women with 
a renal transplant and pelvic kidney. By 6 weeks postpartum, 
ureteral dilation resolves.4’ A clinical consequence of ureteroc- 
alyceal dilation is an increased incidence of pyelonephritis 
among gravidas with asymptomatic bacteriuria.50 In addition, 
the ureterocalyceal dilation makes interpretation o f urinary 
radiographs more difficult when evaluating possible urinary 
tract obstruction or nephrolithiasis.

Anatomic changes are also observed in the bladder. From 
midpregnancy on, an elevation in the bladder trigone occurs, 
with increased vascular tortuosity throughout the bladder. This 
can cause an increased incidence of microhematuria. Three 
percent o f gravidas have idiopathic hematuria, defined as 
greater than 1+ on a urine dipstick, and up to 16%  have 
microscopic hematuria. Because of the increasing size of the 
uterus, a decrease in bladder capacity develops as pregnancy 
progresses, accompanied by an increase in urinary frequency, 
urgency, and incontinence.

Renal Hemodynamics
Renal plasma flow (RPF) increases markedly from early in gesta
tion and may begin to increase during the luteal phase before 
implantation.51 Dunlop showed convincingly that the effective 
RPF rises 75%  over nonpregnant levels by 16 weeks’ gesta
tion (Table 3-8). The increase is maintained until 34 weeks’ 
gestation, when a decline in RPF of about 25% occurs. The fall 
in RPF has been demonstrated in subjects studied serially in 
sitting and left lateral recumbent positions. Like RPF, glomeru
lar filtration rate (GFR), as measured by inulin clearance, 
increases by 5 to 7 weeks. By the end o f the first trimester, 
GFR is 50% higher than in the nonpregnant state, and this 
is maintained until the end o f pregnancy. Three months post
partum, GFR values have declined to normal levels. This renal 
hyperfiltration seen in pregnancy is a result o f the increase 
in the RPF. Because the RPF increases more than the GFR early 
in pregnancy, the filtration fraction falls from nonpregnant levels 
until the late third trimester. At this time, because of the decline 
in RPF, the filtration fraction returns to preconceptional values.

Clinically, GFR is not determined by measuring the clearance 
of infused inulin (inulin is filtered by the glomerulus and is 
unaffected by the tubules), but rather by measuring endogenous 
creatinine clearance. This test gives a less precise measure of GFR 
because creatinine is secreted by the tubules to a variable extent. 
Therefore endogenous creatinine clearance is usually higher than 
the actual GFR. The creatinine clearance in pregnancy is 
greatly increased to values o f 150 to 200 mL/min (normal, 
120 mL/min). As with GFR, the increase in creatinine clear
ance occurs by 5 to 7 weeks’ gestation and normally is main
tained until the third trimester. GFR is best estimated in 
pregnancy using a 24-hour urine collection for creatinine 
clearance. Formulas used in patients with renal disease that 
estimate the GFR using serum collections and clinical param
eters (which avoid a 24-hour urine collection) are inaccurate 
in pregnancy and underestimate the GFR.

The increase in the RPF and GFR precede the increase in 
blood volume and may be induced by a reduction in the pre- 
glomerular and postglomerular arteriolar resistance. Impor
tantly, the increase in hyperfiltration occurs without an 
increase in glomerular pressure, which i f  it occurred could 
have the potential for injury to the kidney with long-term 
consequences.11 Recently, the mechanisms that underlie the 
marked increase in RPF and GFR have been carefully studied. 
Although numerous factors are involved in this process, nitric 
oxide (NO) has been demonstrated to play a critical role in the 
decrease in renal resistance and the subsequent renal hyperemia. 
During pregnancy, the activation and expression of the NO 
synthase is enhanced in the kidneys, and inhibition of NO 
synthase isoforms has been shown to attenuate the hemody
namic changes within the gravid kidney. Finally, the hormone 
relaxin appears to be important by initiating or activating some 
of the effects of NO on the kidney. Failure of this crucial adapta
tion is associated with adverse outcomes such as preeclampsia 
and fetal growth restriction (FGR).52

The clinical consequence o f glomerular hyperfiltration is 
a reduction in maternal plasma levels o f creatinine, blood 
urea nitrogen (BUN), and uric acid. Serum creatinine 
decreases from a nonpregnant level o f 0.8 to 0.5 mg/dL by 
term. Likewise, BUN falls from nonpregnant levels o f 13 to
9 mg/dL by term. Serum uric acid declines in early pregnancy
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TABLE 3-8 SERIAL CHANGES IN RENAL HEMODYNAMICS

NONPREGNANT

SEATED POSITION (N  = 25)*

LEFT LATERAL 
RECUMBENT 

POSITION (A/= 17)f

16 WK 26 WK 36 WK 29 WK 37 WK

Effective renal plasma flow (mL/min) 480 ± 72 840 ± 145 891 ± 279 771 ± 175 748 ± 85 677 ± 82
Glomerular filtration rate (mL/min) 99 ± 18 149 ± 17 152 ± 18 1 5 0 1 3 2 145 ± 19 138 ± 22
Filtration fraction 0.21 0.18 0.18 0.20 0.19 0.21

*Data from Dunlop W. Serial changes in renal haemodynamics during normal pregnancy. Br J  Obstet Gynaecol. 1981 ;88 :1.
+Data from Ezimokhai M , Davison J, Philips P, et al. Nonpostural serial changes in renal function during the third trimester of normal human pregnancy. B r J  Obstet G ynaecol 
1981;88:465.

because of the rise in GFR and reaches a nadir by 24 weeks with 
levels of 2 to 3 mg/dL. After 24 weeks, the uric acid level begins 
to rise, and by the end of pregnancy, the levels in most women 
are essentially the same as before conception. The rise in uric 
acid levels is caused by increased renal tubular absorption of 
urate and increased fetal uric acid production. Patients with 
preeclampsia have elevated uric acid level concentrations; 
however, because uric acid levels normally rise during the 
third trimester, overreliance on this test should be avoided in 
the diagnosis and management o f preeclampsia.

During pregnancy, urine volume is increased, and nocturia 
is more common. In the standing position, sodium and water 
are retained; therefore during the daytime, gravidas tend to 
retain an increased amount of water. At night, while in the 
lateral recumbent position, this added water is excreted, which 
results in nocturia. Later in gestation, renal function is affected 
by position, and the GFR and renal hemodynamics are decreased 
with changes from lateral recumbency to supine or standing 
positions.

Renal Tubular Function and Excretion 
of Nutrients
Despite high levels of aldosterone, which would be expected to 
result in enhanced urinary excretion of potassium, gravid 
women retain about 300 mmol o f potassium.1' Most of the 
excess potassium is stored in the fetus and placenta.5' The mean 
potassium concentrations in maternal blood are just slightly 
below nonpregnant levels. The ability of the kidney to conserve 
potassium has been attributed to increased progesterone levels.13 
For information on the changes in sodium, see the next section, 
“Body Water Metabolism.”

Glucose excretion increases in almost all pregnant women, 
and glycosuria is common. Nonpregnant urinary excretion of 
glucose is less than 100 mg/day, but 90% of gravidas with 
normal blood glucose levels excrete 1 to 10 g of glucose per day. 
This glycosuria is intermittent and not necessarily related to 
blood glucose levels or the stage of gestation. Glucose is freely 
filtered by the glomerulus, and with the 50% increase in GFR, 
a greater load of glucose is presented to the proximal tubules. A 
change may occur in the reabsorptive capability of the proximal 
tubules themselves, but the old concept of pregnancy leading to 
an overwhelming of the maximal tubular reabsorptive capacity 
for glucose is misleading and oversimplified. The exact mecha
nisms that underlie the altered handling of glucose by the proxi
mal tubules appears to be a reduced threshold for glucose 
resorption via reduced renal glucose transporter expression com
bined with increased renal blood flow. Aberrations in this mech
anism may play a pathophysiologic role in the development of

TABLE 3-9 COMPARISON OF 24-HOUR URINARY 
PROTEIN AND ALBUMIN EXCRETION

<20 WEEKS >20 WEEKS
</v = 95) (A/= 175) P VALUE

Protein (mg/24 hr) 98.1 ± 62.3 121.8 ±71 .007
Albumin (mg/24 hr) 9.7 ± 6.2 12.2 ± 8.5 .012

From Higby K, Suiter C , Phelps J, et al. Normal values of urinary albumin and total 
protein excretion during pregnancy. Am J  Obstet Gynecol. 1994; 171:984.
Values are mean ± standard deviation.

gestational diabetes mellitus, and higher thresholds for glucose 
resorption have been associated with gestational diabetes 
mellitus.54 Even though glycosuria is common, gravidas with 
repetitive glycosuria should be screened for diabetes mellitus 
i f  they have not already been tested.

Urinary protein and albumin excretion increase during 
pregnancy, with an upper limit o f 300 mg o f proteinuria and 
30 mg o f albuminuria in a 24-hour period.31 Higby and as
sociates543 found that the amount of proteinuria and albuminuria 
increases both when compared with nonpregnant levels and as 
the pregnancy advances. They collected 24-hour urine samples 
from 270 women over the course of pregnancy and determined 
the amount of proteinuria and albuminuria; they found that 
the amount of protein and albumin excreted in urine did not 
increase significantly by trimester but did increase significantly 
when compared between the first and second half of pregnancy 
(Table 3-9). Similarly, the protein/creatinine ratio increases 
across pregnancy. In women who did not have preeclampsia, 
underlying renal disease, or urinary tract infections, the 
mean 24-hour urine protein across pregnancy was 116 .9  mg, 
with a 95%  upper confidence limit o f 260 mg.5 “ These re
searchers also noted that patients do not normally have mi
croalbuminuria. In women with preexisting proteinuria, the 
amount o f proteinuria increases in both the second and third 
trimesters and potentially in the first trimester. In a study of 
women with diabetic nephropathy, the amount of proteinuria 
increased from a mean of 1,74g ± 1.33 g per 24 hours in the 
first trimester to a mean of 4.82 ± 4.7 g per 24 hours in the 
third trimester, even in the absence of preeclampsia.56 The in
crease in the renal excretion of proteins is due to a physiologic 
impairment of the proximal tubular function within the kidney 
and the increase in the GFR.55

Other changes in tubular function include an increase in 
the excretion of amino acids in the urine and an increase in 
calcium excretion (see Chapter 39). Also, the kidney responds 
to the respiratory alkalosis of pregnancy by enhanced excretion
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of bicarbonate; however, renal handling of acid excretion is 
unchanged.

BODY WATER METABOLISM
The increase in total body water o f 6.5 to 8.5 L by the end 
o f gestation represents one o f the most significant adapta
tions o f pregnancy. The water content of the fetus, placenta, 
and amniotic fluid at term totals about 3.5 L. Additional water 
is accounted for by expansion o f the maternal blood volume 
by 1500 to 1600 mL, plasma volume by 1200 to 1300 mL, 
and red blood cells by 300 to 400 mL. The remainder is attrib
uted to extravascular fluid, intracellular fluid in the uterus and 
breasts, and expanded adipose tissue. As a result, pregnancy is 
a condition o f chronic volume overload with active sodium 
and water retention secondary to changes in osmoregulation 
and the renin-angiotensin system. Increase in body water 
content contributes to maternal weight gain, hemodilution, 
physiologic anemia of pregnancy, and the elevation in maternal 
cardiac output. Inadequate plasma volume expansion has been 
associated with increased risks for preeclampsia and fetal growth 
restriction.

Osmoregulation
Expansion in plasma volume begins shortly after conception, 
partially mediated by a change in maternal osmoregulation 
through altered secretion of arginine vasopressin (AVP) by the 
posterior pituitary. Water retention exceeds sodium retention; 
even though an additional 900 mEq o f sodium is retained 
during pregnancy, serum levels o f sodium decrease by 3 to
4 mmol/L. This is mirrored by decreases in overall plasma 
osmolality of 8 to 10 mOsm/kg, a change that is in place by 10 
weeks’ gestation and that continues through 1 to 2 weeks post
partum (Fig. 3-9).23 Similarly, the threshold for thirst and vaso
pressin release changes early in pregnancy; during gestational 
weeks 5 to 8, an increase in water intake occurs and results in a 
transient increase in urinary volume but a net increase in total 
body water. Initial changes in AVP regulation may be due to 
placental signals that involve NO and the hormone relaxin. After 
8 weeks of gestation, the new steady state for osmolality has been 
established with little subsequent change in water turnover, 
resulting in decreased polyuria. Pregnant women perceive fluid 
challenges or dehydration normally with changes in thirst and 
AVP secretion, but this occurs at a new, lower “osmostat.” 

Plasma levels of AVP remain relatively unchanged despite 
heightened production, owing to a threefold to fourfold increase 
in metabolic clearance. Increased clearance results from a cir
culating vasopressinase synthesized by the placenta that 
rapidly inactivates both AVP and oxytocin. This enzyme 
increases about 300-fold to 1000-fold over the course of gesta
tion proportional to fetal weight, with the highest concentra
tions occurring in multiple gestations. Increased AVP clearance 
can unmask subclinical forms o f diabetes insipidus, presum
ably because o f an insufficient pituitary AVP reserve, and it 
causes transient diabetes insipidus with an incidence o f 2 to 
6 per 1000. Typically presenting with both polydipsia and 
polyuria, hyperosmolality is usually mild unless the thirst mech
anism is abnormal or access to water is limited (see Chapter 43).

Salt Metabolism
Sodium metabolism is delicately balanced and facilitates a 
net accumulation of about 900 mEq. Sixty percent of the

Weeks of pregnancy

FIG 3-9 Plasma osmolality (Posm) and plasma sodium (PNa) during 
human gestation (n = 9; mean values ± standard deviation). LMP, last 
menstrual period; MP, menstrual period. (From Davison JM, Vallotton 
MB, Lindheimer MD. Plasma osmolality and urinary concentration and 
dilution during and after pregnancy: evidence that lateral recumbency 
inhibits maximal urinary concentrating ability. Br J Obstet Gynaecol. 
1981;88:472.)

additional sodium is contained within the fetoplacental unit, 
including amniotic fluid, and is lost at birth. By 2 months post
partum, the serum sodium returns to preconceptional levels. 
Pregnancy increases the preference for sodium intake, but the 
primary mechanism is enhanced tubular sodium reabsorp
tion. Increased glomerular filtration raises the total filtered 
sodium load from 20,000 to about 30,000 mmol/day; sodium 
reabsorption must increase to prevent sodium loss. However, the 
adaptive rise in tubular reabsorption surpasses the increase in 
filtered load, which results in an additional 2 to 6 mEq of 
sodium reabsorption per day. Alterations in sodium handling 
represent the largest renal adjustment that occurs in gesta
tion. Hormonal control of sodium balance is under the oppos
ing actions of the renin-angiotensin-aldosterone system (RAAS) 
and the natriuretic peptides, and both are modified during 
pregnancy.

Renin-Angiotensin-Aldosterone System
Normal pregnancy is characterized by a marked increase in 
all components o f the RAAS system. In early pregnancy,
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reduced systemic vascular tone attributed to gestational hor
mones and increased NO production results in decreased mean 
arterial pressure (MAP). In turn, decreased MAP activates 
adaptations to preserve intravascular volume through sodium 
retention.17 Plasma renin activity, renin substrate (angiotensino- 
gen), and angiotensin levels are all increased a minimum of 
fourfold to fivefold over nonpregnant levels. Activation of these 
components of RAAS leads to doubling of aldosterone levels by 
the third trimester, which increases sodium reabsorption and 
prevents sodium loss. Despite the elevated aldosterone levels in 
late pregnancy, normal homeostatic responses still occur to 
changes in salt balance, fluid loss, and postural stimuli. In addi
tion to aldosterone, other hormones that may contribute to 
increased tubular sodium retention include deoxycorticosterone 
and estrogen.

Importantly, whereas pregnant women are responsive to the 
sodium-retaining effects of mineralocorticoids, they are fairly 
refractive to their kaliuretic properties. Erhlich and Lindheimer 
hypothesized that progesterone strongly contributed to potas
sium homeostasis in pregnancy, and they found that renal potas
sium excretion was not increased in pregnant women exposed 
to exogenous mineralocorticoid administration and attributed 
this to the effects of progesterone.

Atrial and Brain Natriuretic Peptide
The myocardium releases neuropeptides that serve to maintain 
circulatory homeostasis. Atrial natriuretic peptide (ANP) is 
secreted primarily by the atrial myocytes in response to dilation; 
in response to end-diastolic pressure and volume, the ventricles 
secrete brain natriuretic peptide (BNP). Both peptides have 
similar physiologic actions, acting as diuretics, natriuretics, vaso
relaxants, and overall antagonists to the RAAS. Elevated levels 
o f ANP and BNP are found in both physiologic and patho
logic conditions o f volume overload and can be used to 
screen for congestive heart failure outside o f pregnancy in 
symptomatic patients. Because pregnant women frequently 
present with dyspnea, and many of the physiologic effects 
of conception mimic heart disease, whether pregnancy affects 
the levels of these hormones is clinically important. Although 
ANP levels in pregnancy are variably reported, a meta-analysis5: 
showed that ANP levels were 40% higher during gestation and 
150% higher during the first postpartum week.

The circulating concentration of BNP is 20% less than that 
of ANP in normal individuals and has been found to be more 
useful in the diagnosis of congestive heart failure. Levels of BNP 
are reported to increase significantly in the third trimester of 
pregnancy compared with first-trimester levels (21.5 ± 8 pg/mL 
vs. 15.2 ± 5 pg/mL) and are highest in pregnancies complicated 
by preeclampsia (37.1 ± 10 pg/mL). In pregnancies with pre
eclampsia, higher levels of BNP are associated with echocardio- 
graphic evidence of left ventricular enlargement. Whereas the 
BNP levels are increased during pregnancy, in preeclampsia, 
the mean values are still lower than the levels used to screen 
for cardiac dysfunction (>75 to 100 pg/mL). Therefore BNP 
can be used to screen for congestive heart failure in preg
nancy (see Chapter 37 ).58

Clinical Implications of Pregnancy-Related 
Renal and Urologic Changes
The normal pregnancy-related changes in the kidneys and 
urinary tract can have profound clinical implications. From 2%

to 8% o f pregnancies are complicated by asymptomatic bac- 
teriuria, and risk is increased among multiparous women; 
those o f a low socioeconomic class; and women with diabe
tes, sickle cell disease, and history o f previous urinary tract 
infections. Although this prevalence is approximately equiv
alent to that in the nonpregnant population, in pregnancy, 
30%  o f these progress to pyelonephritis. This rate is three to 
four times higher in pregnancy compared with that of nonpreg
nant controls; overall, 1% to 2% of all pregnancies are compli
cated by urinary tract infections.59 For this reason, many 
providers screen pregnant women for bacteriuria at every clinical 
encounter. Asymptomatic bacteriuria and symptomatic urinary 
tract infections are treated to prevent subsequent progression to 
pyelonephritis and the accompanying maternal and fetal mor
bidity (see Chapter 54).

M any pregnant women report urinary frequency and noctur
nal voiding that start as early as the first trimester, and 60% 
describe urinary urgency, 10% to 19% develop urge inconti
nence, and 30% to 60% develop stress incontinence. In a lon
gitudinal cohort study of 241 women, the onset of stress urinary 
incontinence during the first pregnancy was found to carry an 
increased risk of long-term symptoms. The rate of urinary incon
tinence at the 12-year mark was ultimately lower in women who 
had resolution of their symptoms postpartum (57%) compared 
with those who did not (91% ).60

ALIMENTARY TRACT 
Appetite
In the absence of nausea or “morning sickness,” women who eat 
according to appetite will increase food intake by about 200 kcal/ 
day by the end of the first trimester. The recommended dietary 
allowance calls for an additional 300 kcal/day, although in 
reality, most women make up for this with decreased activity. 
Energy requirements vary depending on the population studied, 
teenage status, and level of physical activity. The sense of taste 
may be blunted in some women, which can lead to an increased 
desire for highly seasoned food. Pica, a bizarre craving for 
strange foods, is relatively common among gravidas, and a 
history of pica should be sought in those with poor weight gain 
or refractory anemia. Examples of pica include the consumption 
of clay, starch, toothpaste, and ice.

Mouth
The pH and the production of saliva are probably unchanged 
during pregnancy. Ptyalism, an unusual complication of preg
nancy, most often occurs in women suffering from nausea 
and may be associated with the loss of 1 to 2 L of saliva per 
day. Most authorities believe ptyalism actually represents 
inability of the nauseated woman to swallow normal amounts 
of saliva rather than a true increase in the production of 
saliva. A decrease in the ingestion of starchy foods may help 
decrease the amount of saliva. No evidence suggests that preg
nancy causes or accelerates the course of dental caries; 
however, the gums swell and may bleed after tooth brushing, 
giving rise to the so-called gingivitis of pregnancy. At times, a 
tumorous gingivitis may occur that presents as a violaceous 
pedunculated lesion at the gum line that may bleed profusely. 
Called epulis gravidarum, or pyogenic granulomas, these lesions 
consist of granulation tissue and an inflammatory infiltrate 
(see Chapter 51).
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Importantly, up to 40% of pregnant women have periodontal 
disease. Although it has been linked to preterm birth, more 
recent data and a report by the American College of Obstetri
cians and Gynecologists (ACOG)61 suggest evidence is insuffi
cient to show an association between periodontal infection and 
preterm birth and that no evidence supports improvement 
in outcomes following dental treatment during pregnancy. 
However, for general health and well-being, counseling on good 
oral habits in pregnancy is recommended.

Stomach
In pregnancy, the tone and motility of the stomach and gastro
esophageal (GE) sphincter are decreased, probably because of 
the smooth muscle-relaxing effects of progesterone and estro
gen. Nevertheless, scientific evidence in regard to delayed gastric 
emptying is inconclusive. Although gastric emptying does not 
appear to be delayed in pregnancy, compared with nonpreg
nant controls, an increased delay is seen in labor with the 
etiology ascribed to the pain and stress o f labor.

Pregnancy reduces the risk for peptic ulcer disease, but it 
increases GE reflux disease and dyspepsia in 30%  to 50%  o f 
individuals.62 This apparent paradox can be partially explained 
by physiologic changes in the stomach and lower esophagus. The 
increase in GE reflux disease is multifactorial and is attributed 
to esophageal dysmotility caused by gestational hormones, 
gastric compression from the enlarged uterus, and a decrease in 
the pressure of the GE sphincter. Estrogen may also lead to 
increased reflux of stomach acids into the esophagus and may 
be the predominant cause of reflux symptoms. Theories pro
posed to explain the decreased incidence of peptic ulcer disease 
include increased placental histaminase synthesis with lower 
maternal histamine levels; increased gastric mucin production, 
which protects the gastric mucosa; reduced gastric acid secretion; 
and enhanced immunologic tolerance of Helicobacter pylori, the 
infectious agent that causes peptic ulcer disease (see Chapter 48).

Intestines
Perturbations in the motility o f the small intestines and 
colon are common in pregnancy and result in an increased 
incidence o f constipation in some and diarrhea in others. Up
to 34% of women in one study noted an increased frequency of 
bowel movements, perhaps related to increased prostaglandin 
synthesis. The prevalence of constipation appears to be higher 
in early pregnancy: 35% to 39% of women report constipation 
in the first and second trimesters, but only 21 % report it in the 
last trimester. The motility of the small intestines is reduced in 
pregnancy, with increased oral-cecal transit times. No studies on 
the colonic transit time have been performed, but lim ited infor
mation suggests reduced colonic motility. Although progester
one has been thought to be the primary cause of the decrease in 
gastrointestinal (GI) motility, newer studies show that estrogen- 
induced nitric oxide released from nerves that innervate the 
GI tract results in relaxation of the GI tract musculature.62 
Absorption of nutrients from the small bowel is unchanged, with 
the exception of increased iron and calcium absorption, but 
the increased transit time due to decreased motility allows for 
more efficient absorption. In addition, both water and sodium 
absorption in the colon are increased.

The enlarging uterus displaces the intestines and, most impor
tantly, moves the position of the appendix. Thus the presenta
tion, physical signs, and type of surgical incision are affected in

the management of appendicitis. Portal venous pressure is 
increased in pregnancy, which leads to dilation wherever there 
is portosystemic venous anastomosis; this includes not only the 
GE junction but also the hemorrhoidal veins, the dilation of 
which results in the common complaint of hemorrhoids.

W ith the prevalence of obesity in today’s society, it is becom
ing more common to care for women with a history of bariatric 
surgery. Such surgeries are performed in women with a body 
mass index (BMI) of 40 kg/m2 or greater or 35 kg/m2 with 
comorbidities. It is important to be aware of the nutritional 
deficiencies that can accompany such surgery. These include 
protein, iron, vitamins B,, and D, and calcium.63 Additionally, 
practitioners should exercise caution when prescribing nonste
roidal antinflammatory drugs (NSAIDs) to patients with 
smaller gastric pouches because the risk of gastric ulceration 
increases because of the reduced absorptive surface in these 
patients.

Gallbladder
Because of progesterone, the rate at which the gallbladder 
empties is much slower. After the first trimester, the fasting and 
residual volumes of the gallbladder are twice as great. In addi
tion, the biliary cholesterol saturation is increased, and the che- 
nodeoxycholic acid level is decreased.64 This change in the 
composition of the bile fluid favors the formation of cholesterol 
crystals, and with incomplete emptying of the gallbladder, the 
crystals are retained and gallstone formation is enhanced. Fur
thermore, the progesterone acts to inhibit smooth muscle con
traction of the gallbladder, thereby predisposing to formation of 
sludge or gallstones. By the time they deliver, up to 10%  o f 
women have gallstones on ultrasonographic examination; 
however, only 1 in 6000 to 1 in 10,000 pregnancies ultimately 
require cholecystectomy.65

Liver
The size and histology of the liver are unchanged in pregnancy. 
However, many clinical and laboratory signs usually associated 
with liver disease are present. Spider angiomas and palmar ery
thema caused by elevated estrogen levels are normal and disap
pear soon after delivery. Although total body protein increases, 
serum albumin and total protein levels fall progressively 
during gestation as a result o f hemodilution. By term, 
albumin levels are 25%  lower than nonpregnant levels. In 
addition, serum alkaline phosphatase activity rises during 
the third trimester to levels two to four times those o f non- 
gravid women. Most of this increase is caused by placental 
production of the heat-stable isoenzyme and not from the liver. 
The serum concentrations of many proteins produced by the 
liver increase. These include elevations in fibrinogen, ceruloplas
min, transferrin, and the binding proteins for corticosteroids, 
sex steroids, and thyroid hormones.

W ith the exception o f alkaline phosphatase, the other 
liver function tests are unaffected by pregnancy, includ
ing serum levels o f bilirubin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), y-glutamyl transfer
ase (GGT), 5/-nucleotidase, creatinine phosphokinase, and 
lactate dehydrogenase. In some studies, the mean levels of 
ALT and AST are m ildly elevated but still fall within normal 
values. Levels of creatinine phosphokinase and lactate dehydro
genase can increase with labor, and pregnancy may be associated 
with mild subclinical cholestasis that results from the high
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concentrations of estrogen. Reports on serum bile acid concen
trations are conflicting: some studies show an increase, whereas 
others show no change. The fasting levels are unchanged, and 
the measurement o f a fasting level appears to be the best test 
for diagnosing cholestasis o f pregnancy. Cholestasis results 
from elevated levels of bile acids and is associated with signifi
cant pruritus, usually mild increases of ALT and AST, and an 
increased risk for poor fetal outcomes (see Chapter 47).

Nausea and Vomiting of Pregnancy
Nausea and vomiting, or so-called morning sickness, compli
cates up to 70%  o f pregnancies. Typical onset is between 4 
and 8 weeks’ gestation with improvement before 16 weeks; 
however, 10%  to 25% o f women still experience symptoms 
at 20 to 22 weeks’ gestation, and some women will have 
symptoms throughout the gestation.6 Although the symp
toms are often distressing, simple morning sickness seldom leads 
to significant weight loss, ketonemia, or electrolyte disturbances. 
The cause is not well understood, although relaxation of the 
smooth muscle of the stomach probably plays a role. Elevated 
levels of human chorionic gonadotropin (hCG) may be involved. 
However, a good correlation between maternal hCG concentra
tions and the degree of nausea and vomiting has not been 
observed. Similarly, minimal data exist to show the etiology is 
associated with higher levels of estrogen or progesterone. Inter
estingly, pregnancies complicated by nausea and vomiting gener
ally have a more favorable outcome than those without such 
symptoms.67 Treatment is largely supportive and consists of reas
surance, avoidance of foods found to trigger nausea, and fre
quent small meals. Eating dry toast or crackers before getting 
out of bed may be beneficial. ACOG states that the use of 
either vitamin B6 alone or in combination with doxylamine 
(Unisom) is safe and effective and should be considered a first 
line of medical treatment.

A recent review of alternative therapies to antiemetic drugs 
found that acupressure, wristbands, or treatment with ginger 
root may be helpful. For details on hyperemesis gravidarum, 
please see Chapter 6.

ENDOCRINE CHANGES 
Thyroid
Thyroid diseases are common in women o f childbearing age 
(see Chapter 42). However, normal pregnancy symptoms 
mirror those o f thyroid disease, which makes it difficult to 
know when screening for thyroid disease is appropriate. In 
addition, the physiologic effects o f pregnancy frequently 
make the interpretation of thyroid tests difficult. Therefore 
it is important for the obstetrician to be familiar with the 
normal changes in thyroid function that occur. Recent data have 
shown that the correct and timely diagnosis and treatment of 
thyroid disease is important to prevent both maternal and fetal 
complications.

Despite alterations in thyroid morphology, histology, and 
laboratory indices, pregnant women remain euthyroid. The 
thyroid gland does increase in size but not as much as was com
monly believed. If adequate iodine intake is maintained, the 
size o f the thyroid gland remains unchanged or undergoes a 
small increase that can be detected only by ultrasound. The 
World Health Organization (WHO) recommends that iodine 
intake be increased in pregnancy from 100 mg/day to 150 to 
200 mg/day. In an iodine-deficient state, the thyroid gland is up
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to 25% larger, and goiters occur in 10% of women.6'' Histologi
cally, an increase in thyroid vascularity occurs during pregnancy 
with evidence of follicular hyperplasia. The development o f a 
clinically apparent goiter during pregnancy is abnormal and 
should be evaluated.

During pregnancy, serum iodide levels fall because of increased 
renal loss. In addition, in the latter half of pregnancy, iodine is 
also transferred to the fetus, which further decreases maternal 
levels; these alterations cause the thyroid to synthesize and 
secrete thyroid hormone actively.68 However, at least one inves
tigator has reported that in iodine-sufficient regions, the con
centration of iodide does not decrease. Although increased 
uptake of iodine by the thyroid occurs in pregnancy, pregnant 
women remain euthyroid by laboratory evaluation.

Total thyroxine (TT4) and total triiodothyronine (TT3) 
levels begin to increase in the first trimester and peak at 
midgestation as a result o f increased production o f thyroxine- 
binding globulin (TBG). The increase in TBG is seen in the 
first trimester and plateaus at 12 to 14 weeks gestation. The 
concentration ofTT4 increases by a factor of about 1.5 in paral
lel with the TBG from a normal range of 5 to 12 mg/dL in 
nonpregnant women to 9 to 16 mg/dL during pregnancy. Only 
a small amount o f TT4 and TT3 is unbound, but these free 
fractions— normally about 0.04%  for T4 and 0.5%  for T3 
are the major determinants o f whether an individual is 
euthyroid. The extent of change in free T4 and T3 levels during 
pregnancy has been controversial, and the discrepancies in past 
studies have been attributed to the techniques used to measure 
the free hormone levels. The current best evidence is that the 
free T4 levels rise slightly in the first trimester and then 
decrease so that by delivery, the free T4 levels are 10%  to 15%  
lower than in nonpregnant women; however, these changes 
are small, and in most gravidas, free T4 concentrations 
remain within the normal nonpregnant range (Fig. 3-10). 8 
In clinical practice, the free T4 level can be measured using 
either the free thyroxine index (FTI) or estimates of free T4.

Week of pregnancy

FIG 3-10 Relative changes in maternal thyroid function during 
pregnancy. hCG, human chorionic gonadotropin; T4, thyroxine; TBG, 
thyroxine-binding globulin; TSH, thyroid-stimulating hormone. (From 
Burrow G, Fisher D, Larsen P. Maternal and fetal thyroid function. 
N Engl J Med 1994:331:1072.)
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These tests use immunoassays that do not measure the free T4 
directly and may be less accurate in pregnancy because they are
I BG dependent. The FTI is a more accurate method for 
measuring free T4, and the currently used estimates for free 
T4 may incorrectly diagnose women as hypothyroid in the 
second and third trimesters; however, other authors have 
shown that these free T4 estimates are accurate.69 Free T3 
levels follow a similar pattern as free T4 levels.

Thyroid-stimulating hormone (TSH) concentrations 
decrease transiently in the first trimester and then rise to 
prepregnant levels by the end o f this trimester. TSH levels 
then remain stable throughout the remainder o f gestation.69 
The transient decrease in TSH coincides with the first- 
trimester increase in free T4 levels, and both appear to be 
caused by the thyrotropic effects o f hCG. Women with higher 
peak hCG levels have more TSH suppression. TSH and hCG 
are structurally very similar, and they share a common a-subunit 
and have a similar (3-unit. It has been estimated that a 10,000- 
IU/L increment in circulating hCG corresponds to a mean 
free T4 increment o f 0.6 pmol/L (0.1 ng/dL) and in turn 
lowers TSH by 0.1 mIU/L.68' 0 These investigators measured 
TSH levels during successive trimesters o f pregnancy in a 
large group o f women and found that TSH was suppressed 
below normal in 18%  in the first trimester, 5% during the 
second trimester, and 2% in the third trimester. In the first 
two trimesters, the mean hCG level was higher in women with 
suppressed TSH levels. 1 It appears that hCG has some thyro
tropic activity, but conflicting data on the exact role of hCG in 
maternal thyroid function remain/ ''’ In some women, the thy
rotropic effects o f hCG can cause a transient form o f hyper
thyroidism called tra n sien t g e s ta t io n a l thyrotox icosis (see 
Chapter 42).

The influence of maternal thyroid physiology on the fetus 
appears much more complex than previously thought. Whereas 
the maternal thyroid does not directly control fetal thyroid func
tion, the systems interact through the placenta, which regulates 
the transfer of iodine and a small but important amount of 
thyroxine to the fetus. It was previously thought that little if  any 
transplacental passage of T4 and T3 occurred. It is now recog
nized that T4 crosses the placenta, and in early pregnancy, 
the fetus is critically dependent on the maternal T4 supply 
for normal neurologic development. 2 However, as a result of 
the deiodinase activity of the placenta, a large percentage o fT 4 
is broken down before transfer to the fetus. The human fetus 
cannot synthesize thyroid hormones until after 12 weeks’ 
gestation, and any fetal requirement before this time is totally 
dependent on maternal transfer. Even after the fetal thyroid is 
functional, the fetus continues to rely to some extent on a 
maternal supply of thyroxine. Like T4, thyrotropin-releasing 
hormone crosses the placenta; TSH does not.

Neonates with thyroid agenesis or a total defect in thyroid 
hormone synthesis have umbilical cord thyroxine levels between 
20% and 50% of those in normal infants, which demonstrates 
that the placenta is not impermeable to T4. In women who live 
in iodine-deficient areas, maternal hypothyroidism is associated 
with neonatal hypothyroidism and defects in long-term neuro
logic function and mental retardation termed en d em ic cretinism. 
These abnormalities can be prevented if  maternal iodine intake 
is initiated at the beginning of the second trimester. Haddow 
and coworkers have found that maternal hypothyroidism 
during pregnancy results in slightly lower intelligence quo
tient (IQ) scores in children tested at ages 7 to 9 years. These

findings have resulted in controversy over whether all preg
nant women should be screened for subclinical hypothyroid
ism, which has an incidence o f 2% to 5%. Position statements 
from various organizations are currently contradictory. The 
Endocrine Society recommends universal screening, whereas 
ACOG does not support this position (Committee Opinion 
No. 381). The Maternal-Fetal Medicine Unit Network is cur
rently conducting a randomized trial to investigate the long
term downstream effects (children’s intellectual development at 
5 years of age) of subclinical hypothyroidism in pregnancy.

Because iodine is actively transported across the placenta 
and the concentration of iodide in the fetal blood is 75% that 
of the maternal blood, the fetus is susceptible to iodine-induced 
goiters when the mother is given pharmacologic amounts of 
iodine. Similarly, radioactive iodine crosses the placenta, and 
if given after 12 weeks’ gestation when the fetal thyroid is 
able to concentrate iodine, profound adverse effects can 
occur. These include fetal hypothyroidism, mental retardation, 
attention-deficit disorder, and a 1% to 2% increase in the life
time cancer risk.

The American Academy of Pediatrics (AAP) recently released 
a policy statement urging all pregnant and breastfeeding women 
to take a supplement with adequate levels of iodine in order to 
optimize fetal neurocognitive development and to decrease vul
nerability to certain environmental pollutants. Even mild iodine 
deficiency in pregnancy is associated with decreased IQ scores. 
The National Academy of Sciences and American Thyroid Asso
ciation recommend 290 |ig of daily iodine intake.74 In order to 
achieve this, most women require supplementation with 150 |ig 
of iodine daily. Currently, only 15% to 20% of pregnant and 
breastfeeding mothers take supplemental iodine.

Adrenals
Increased steroid production is essential in pregnancy to meet 
the need for an increase in maternal production of estrogen and 
cortisol and the fetal need for reproductive and somatic growth 
development. Pregnancy is associated with marked changes 
in adrenocortical function with increased serum levels 
of aldosterone, deoxycorticosterone, corticosteroid-binding 
globulin (CBG), adrenocorticotropic hormone (ACTH), cor
tisol, and free cortisol, causing a state o f physiologic hyper- 
cortisolism (see Chapter 43 and Appendix A).75 Although the 
combined weight of the adrenal glands does not increase signifi
cantly, expansion of the zona fasciculata, which primarily pro
duces glucocorticoids, is observed. The plasma concentration of 
CBG doubles because of hepatic stimulation by estrogen by the 
end of the sixth month of gestation, compared with nonpreg
nant values; this results in elevated levels of total plasma cortisol. 
The levels o f total cortisol rise after the first trimester, and 
by the end o f pregnancy, they are nearly three times higher 
than nonpregnant values and reach levels in the range seen 
in Cushing syndrome. The diurnal variations in cortisol levels 
may be partly blunted but are maintained, and the highest values 
occur in the morning.

Only free cortisol, the fraction of cortisol not bound to CBG, 
is metabolically active; however, direct measurements are diffi
cult to perform. Urinary free cortisol concentrations, the free 
cortisol index, and salivary cortisol concentrations—all of which 
reflect active free cortisol levels— are elevated after the first tri
mester. In a study of 21 uncomplicated pregnancies, urinary free 
cortisol concentration doubled from the first to the third trimes
ter. Although the increase in total cortisol concentrations can be
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explained by the increase in CBG, this does not explain the 
higher free cortisol levels. The elevation in free cortisol levels 
seems to be caused in part by a marked increase in corticotropin- 
releasing hormone (CRH) during pregnancy, which in turn 
stimulates the production of ACTH in the pituitary and from 
the placenta. Outside o f pregnancy, CRH is mainly secreted 
from the hypothalamus. During pregnancy, CRH is also pro
duced by the placenta and fetal membranes and is secreted 
into the maternal circulation. First-trimester values of CRH 
are similar to prepregnant levels, followed by an exponential rise 
in CRH during the third trimester predominantly as a result of 
the placental production. CRH and ACTH concentrations con
tinue to rise in the third trimester despite the increased levels 
of total and free cortisol levels, which supports the theory 
that an increase in CRH drives the increased levels of cortisol 
seen in pregnancy. Furthermore, significant correlation is 
observed between the rise in CRH levels and maternal ACTH 
and urinary free cortisol concentrations. Other possible causes 
for the hypercortisolism include delayed plasma clearance of 
cortisol as a result of changes in renal clearance, pituitary desen
sitization to cortisol feedback, or enhanced pituitary responses 
to corticotropin-releasing factors such as vasopressin and CRH.

Although the levels of cortisol are increased to concentrations 
observed in Cushing syndrome, little clinical evidence is present 
for hypercortisolism during pregnancy with the exception of 
weight gain, striae, hyperglycemia, and tiredness. The diagnosis 
of Cushing syndrome during pregnancy is difficult because 
of these changes; this is discussed further in Chapter 43.

Like aldosterone, deoxycorticosterone (DOC) is a potent 
mineralocorticoid. Marked elevations in the maternal concen
trations of DOC are present by midgestation and reach peak 
levels in the third trimester. In contrast to the nonpregnant state, 
plasma DOC levels in the third trimester do not respond to 
ACTH stimulation, dexamethasone suppression, or salt intake.75 
These findings suggest that an autonomous source of DOC, 
specifically the fetoplacental unit, may be responsible for 
the increased levels. Dehydroepiandrosterone sulfate levels are 
decreased in gestation because of a marked rise in the metabolic 
clearance of this adrenal androgenic steroid. Maternal concen
trations of testosterone and androstenedione are slightly higher; 
testosterone is increased because of an elevation in sex hormone- 
binding protein, and androstenedione rises because of an increase 
in its synthesis.

Pituitary
The pituitary gland enlarges by approximately one third in preg
nancy, principally because of proliferation of prolactin-producing 
cells in the anterior pituitary (see Chapter 43). The enlargement 
o f the pituitary gland and subsequent increased intrasellar 
pressure make it more susceptible to alterations in blood 
supply and hypotension and increases the risk for postpar
tum infarction (Sheehan syndrome) should a large maternal 
blood loss occur. 76

Anterior pituitary hormone levels are significantly affected 
by pregnancy. Serum prolactin levels begin to rise at 5 to 8 
weeks’ gestation and by term are 10 times higher. Consistent 
with this, the number of lactotroph (prolactin-producing) 
cells increases dramatically within the anterior lobe of the pitu
itary from 20% of the cells in nongravid women to 60% in the 
third trimester. In the second and third trimesters, the decidua 
is a source of much of the increased prolactin production. 
Despite the increase, prolactin levels remain suppressible by

bromocriptine therapy. The principal function o f prolactin 
in pregnancy is to prepare the breasts for lactation (see
Chapter 24). In nonlactating women, the prolactin levels return 
to normal by 3 months postpartum. In lactating women, the 
return to baseline levels takes several months, with intermittent 
episodes of hyperprolactinemia in conjunction with nursing. 
Maternal follicle-stimulating hormone (FSH) and luteiniz
ing hormone (LH) are decreased to undetectable levels as a 
result o f feedback inhibition from the elevated levels o f estro
gen, progesterone, and inhibin. Maternal pituitary growth 
hormone production is also suppressed because of the action of 
the placental growth hormone variant on the hypothalamus and 
pituitary; however, the serum levels of growth hormone increase 
as a result of the production of growth hormone from the 
placenta.

The hormones produced by the posterior pituitary are also 
altered, and the changes in arginine vasopressin (AVP) were 
discussed earlier in this chapter under “Osmoregulation.” Oxy
tocin levels increase throughout pregnancy, and they rise dra
matically and peak in the second stage of labor.

PANCREAS AND FUEL METABOLISM 
Glucose
Pregnancy is associated with significant physiologic changes in 
carbohydrate metabolism. This allows for the continuous trans
port of energy, in the form of glucose, from the gravid woman 
to the developing fetus and placenta. Pregnancy taxes maternal 
insulin and carbohydrate physiology, and in all pregnancies, 
some deterioration in glucose tolerance occurs. In most women, 
only mild changes take place. In others, pregnancy is sufficiently 
diabetogenic to result in gestational diabetes mellitus. Overall, 
pregnancy results in fasting hypoglycemia, postprandial 
hyperglycemia, and hyperinsulinemia. s To accommodate 
the increased demand for insulin, hypertrophy and hyperplasia 
of the insulin-producing P-cells occur within the islets of 
Langerhans in the maternal pancreas. For a complete review 
of the physiologic changes in glucose metabolism, please see 
Chapter 40.

Proteins and Lipids
Amino acids are actively transported across the placenta for 
the fetus to use for protein synthesis and as an energy source.
In late pregnancy, the fetoplacental unit contains about 500 mg 
of protein.6 79 During pregnancy, fat stores are preferentially used 
as a substrate for fuel metabolism, and thus protein catabolism 
is decreased. Dietary protein is used efficiently in pregnancy as 
has been shown by measuring nitrogen balance at multiple 
points throughout gestation and finding an increased nitrogen 
balance toward the end of pregnancy.

Plasma lipids and lipoproteins increase in pregnancy. A 
gradual twofold to threefold rise in triglyceride levels occurs 
by term, and levels o f 200 to 300 mg/dL are normal. Total 
cholesterol and low-density lipoprotein levels are also higher 
such that by term, a 50%  to 60%  increase is observed. High- 
density lipoprotein (HDL) levels initially rise in the first half of 
pregnancy and then fall in the second half. By term, HDL con
centrations are 15% higher than nonpregnant levels. Triglyceride 
concentrations return to normal by 8 weeks postpartum even 
with lactation, but cholesterol and low-density lipoprotein 
(LDL) levels remain elevated (Fig. 3-11). Women with preexist
ing hyperlipidemia can have a transient worsening of their lipid
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FIG 3-11 Triglycerides (upper paneD and cholesterol (lower panel) in 
plasma and in lipoprotein fractions before, during, and after preg
nancy. HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
VLDL, very-low-density lipoprotein. (From Salameh W, Mastrogiannis 
D. Maternal hyperlipidemia in pregnancy. Clin Obstet Gynecol. 
1994:37:66.)

profiles accentuated by the necessity for discontinuing medica
tions such as HMG-CoA reductase inhibitors (statins).

The mechanisms for the pregnancy-induced changes in lipids 
are not completely understood but appear to be partly caused 
by the elevated levels of estrogen, progesterone, and human 
placental lactogen. The rise in LDL is associated with placental 
steroidogenesis, and the pattern of LDL variation in pregnancy 
can be used to predict long-term predisposition to atherogene- 
sis.79 In a study of parity and carotid atherosclerosis in 1005 
women over a 6-year period, a significant relationship was found 
between the progression of carotid atherosclerosis and parity, 
even after controlling for traditional risk factors. This suggests 
that pregnancy itself may present an increased risk of subsequent 
development of atherosclerosis.

SKELETON 
Calcium Metabolism
Pregnancy was initially thought to be a state of “physiologic 
hyperparathyroidism” with maternal skeletal calcium loss needed 
to supply the fetus with calcium. However, most fetal calcium 
needs are met through a series o f physiologic changes in 
calcium metabolism without long-term consequences to the 
maternal skeleton.s" This allows the fetus to accumulate 21 g
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FIG 3-12 The longitudinal changes in calcium and calcitropic hormone 
levels that occur during human pregnancy. Normal adult ranges are 
indicated by the shaded areas. 1,25-D, 1,25-dihydroxyvitamin D; PTH, 
parathyroid hormone. (From Kovacs CS, Kronenberg HM. Maternal- 
fetal calcium and bone metabolism during pregnancy, puerperium, 
and lactation. Endocr Rev. 1997; 18:832.)

(range of 13 to 33 g) of calcium— 80% of this during the third 
trimester, when fetal skeletal mineralization is at its peak. 
Calcium is actively transported across the placenta. Surprisingly, 
calcium is excreted in greater amounts by the maternal kidneys 
so that by term, calciuria is doubled.

Maternal total calcium levels decline throughout preg
nancy. The fall in total calcium is caused by the reduced 
serum albumin levels that result in a decrease in the albumin- 
bound fraction o f calcium. However, the physiologically 
important fraction, serum ionized calcium, is unchanged 
and constant (Fig. 3-12).80 Therefore the actual maternal 
serum calcium levels are maintained, and the fetal calcium 
needs are met mainly through increased intestinal calcium 
absorption. Calcium is absorbed through the small intestines, 
and its absorption is doubled by 12 weeks’ gestation, with 
maximal absorption in the third trimester.80 The early increase
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in absorption may allow the maternal skeleton to store calcium 
in advance of the peak third-trimester fetal demands. Although 
most fetal calcium needs are met by increased absorption of 
calcium, accumulating data confirm that at least some calcium 
resorption from maternal bone occurs to help meet the increased 
fetal demands in the third trimester. These data are compatible 
with the hypothesis that physiologic mechanisms exist to ensure 
an adequate supply of calcium for fetal growth and milk produc
tion without sole reliance on the maternal diet. Maternal serum 
phosphate levels are similarly unchanged.80

Older studies showed an increase in maternal parathyroid 
hormone (PTH) levels. In more recent prospective studies, all 
using newer assays, maternal levels of PTH were not elevated 
and actually remained in the low-normal range throughout 
gestation.80 Therefore pregnancy is not associated with relative 
hyperparathyroidism (see Chapter 42).

Vitamin D is a prohormone derived from cholesterol, and it 
occurs in two main nutritional forms: D3 (cholecalciferol), 
which is generated in the skin, and D2 (ergocalciferol), which 
is derived from plants and is absorbed in the gut. Serum levels 
o f 25-hydroxyvitamin D (25[OH]D) increase in proportion 
to vitamin D synthesis and intake. Levels o f 25[OH]D rep
resent the best indicator o f vitamin D status.81 25[OH]D is 
furthered metabolized to 1,25-dihydroxyvitamin D or active 
vitamin D. Levels of 1,25-dihydroxyvitamin D increase overall 
in pregnancy, and prepregnancy levels double in the first trimes
ter and peak in the third trimester. Levels of 25[OH]D do not 
change in pregnancy unless vitamin D intake or synthesis is 
changed. The increase in 1,25-dihydroxyvitamin D is secondary 
to increased production by the maternal kidneys and potentially 
the fetoplacental unit and is independent of PTH control, and 
this increase is directly responsible for most of the increase in 
intestinal calcium absorption. See Chapter 42 for further infor
mation on calcium homeostasis.

The estimated prevalence o f vitamin D deficiency in preg
nancy in the United States may be as high as 50%. Contro
versy exists over recommendations to institute universal 
screening during pregnancy by measuring serum levels o f 
25[OH]D. Levels less than 32 ng/mL indicate vitamin D 
deficiency, with recommendations to increase vitamin D 
supplementation if such a deficiency is diagnosed.81 Results 
from a cohort study found that maternal vitamin D deficiency 
was associated with impaired lung development, neurocognitive 
difficulties, increased risk of eating disorders, and lower peak 
bone mass. Calcitonin levels also rise by 20% and may help 
protect the maternal skeleton from excess bone loss.80

Skeletal and Postural Changes
The effect of pregnancy on bone metabolism is complex, and 
evidence of maternal bone loss during pregnancy has been 
inconsistent, with various studies reporting bone loss, no change, 
and even gain. Whether pregnancy causes bone loss is not the 
primary question; instead, the critical question is whether preg
nancy and lactation have a long-term risk for causing osteopo
rosis later in life. Pregnancy is a period o f high bone turnover 
and remodeling.82 Both pregnancy and lactation cause revers
ible bone loss, and this loss is increased in women who 
breastfeed for longer intervals. Studies do not support an 
association between parity and osteoporosis later in life. 
Additionally, in a comparison of female twins discordant for 
parity, pregnancy and lactation were found to have no detrimen
tal effect on long-term bone loss.

Bone turnover appears to be low in the first half of gestation; 
it increases in the third trimester, which corresponds to the peak 
rate of fetal calcium needs, and it may represent turnover of 
previously stored skeletal calcium.80 Markers of both bone 
resorption (hydroxyproline and tartrate-resistant acid phospha
tase) and bone formation (alkaline phosphatase and procollagen 
peptides) are increased during gestation. A change in the micro- 
architectural pattern of bone with no change in overall bone 
mass has been described, and this pattern seems to result in a 
framework more resistant to the bending forces and biomechani
cal stresses needed to carry a growing fetus. Multiple studies that 
measure bone density during pregnancy have shown that bone 
loss occurs only in the trabecular bone and not cortical bone. 
Older reports indicate that the cortical bone thickness of long 
bones may even increase with pregnancy.

Although bone loss occurs in pregnancy, the occurrence of 
osteoporosis during or soon after pregnancy is rare. Whether 
additional calcium intake during pregnancy and lactation 
prevents bone loss is controversial. Most current studies indi
cate that calcium supplementation does not decrease the 
amount o f bone loss, although maternal intake o f 2 g per day 
or greater is modestly protective. This is greater than the 
recommended dietary allowance o f 1000 to 1300 mg/day 
during pregnancy and lactation. Additionally, women on 
medications known to be associated with bone loss, such as 
heparin or steroids, may require increased doses of calcium.83

Pregnancy results in a progressively increasing anterior 
convexity o f the lumbar spine (lordosis). This compensatory 
mechanism keeps the woman’s center of gravity over her legs and 
prevents the enlarging uterus from shifting the center of gravity 
anteriorly. The unfortunate side effect of this necessary alteration 
is low back pain in two thirds of women, with the pain described 
as severe in one third. Because the ligaments of the pubic sym
physis and sacroiliac joints loosen, some have hypothesized that 
this increase in joint laxity is secondary to increased relaxin, 
whereas others have found no correlation throughout gestation. 
Marked widening o f the pubic symphysis occurs by 28 to 32 
weeks’ gestation, with the width increasing from 3 to 4  mm 
to 7.7 to 7.9 mm. This commonly results in pain near the 
symphysis that is referred down the inner thigh with standing 
and may result in a maternal sensation of snapping or movement 
of the bones with walking.

SKIN
During pregnancy, physiologic alterations take place in the skin, 
nails, and hair (see Chapter 51). Increased cutaneous blood 
flow allows heat to dissipate and is responsible for the “glow” 
of pregnancy. Hyperpigmentation is also observed in about 
90% of women, likely due to increased melanocyte-stimulating 
hormone and estrogen. This hyperpigmentation accentuates the 
areola, genital skin, and linea alba in addition to scars and freck
les, and it results in melasma, also known as the mask o fp r e g 
nancy. M any women also notice hirsuitism and thickening of 
scalp hair during pregnancy, which commonly sheds about 1 to
5 months postpartum and is the result of a prolonged anagen 
phase followed by a large proportion of follicles entering the 
telogen phase simultaneously.84 During pregnancy, the nails can 
develop brittleness, leukonychia, transverse grooving, subungual 
hyperkeratosis, and distal onycholysis.84 The high estrogen state 
of pregnancy also enhances the appearance o f telangectasias 
and palmar erythema.84
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CENTRAL NERVOUS SYSTEM
Whereas central nervous system complaints such as headache 
and problems with attention are common in pregnancy, few 
intrinsic changes occur in the central nervous system. Volu
metric magnetic resonance imaging (MRI) has demonstrated 
decreased brain size in healthy women over the course of preg
nancy, with a return to baseline by 6 months postpartum; the 
etiology and significance of these changes are unclear. Volumet
ric assessment of the pituitary gland, however, reveals that it 
increases in size and volume, as discussed earlier in this chapter. 
Changes in vessel-wall integrity predispose to aneurysm rupture; 
increased relaxin, for example, upregulates collagenase and col
lagen remodeling.85 In addition, the risk of subarachnoid hemor
rhage is increased fivefold in pregnancy.

EYES
Pregnancy is associated with ocular changes, most of which 
are transient. The two most significant of these are increased 
thickness of the cornea and decreased intraocular pressure.86 
Corneal thickening is apparent by 10 weeks’ gestation and 
may cause problems with contact lenses. Corneal changes 
persist for several weeks postpartum, and patients should be 
advised to wait before obtaining a new eyeglass or contact 
prescription. Concomitant visual changes are also frequent with 
a reported incidence of 25% to 89% .8-4 The majority of these 
women had changes in their visual acuity and refractive error, 
as well as a myopic shift (i.e., they became more far-sighted), 
from pregravid levels with a return to baseline vision post
partum. 11 Because of these transient alterations in the eye, 
pregnancy is considered by most to be a contraindication to 
photorefractive keratectomy, and it has been recommended 
that pregnancy be avoided for 1 year after such surgery. Intra
ocular pressure falls by about 10%, and individuals with preex
isting glaucoma typically improve.8 Pregnancy either does not 
change or minimally decreases visual fields. Iherefore any com
plaints of visual field changes are atypical and need evaluation. 
Similarly, visual changes such as a loss of vision or “dark floaters” 
are also atypical and may signify retinal detachment or posterior 
reversible encephalopathy syndrome, and such changes require 
evaluation.

BREASTS
Pregnancy-related breast changes begin in the first trimester and 
continue throughout pregnancy. For a complete review on 
normal development and physiologic changes of the breast in 
pregnancy, please see Chapter 24.

LOWER REPRODUCTIVE TRACT 
Vagina
Nearly every organ system changes during pregnancy to promote 
pregnancy maintenance or to prepare for parturition. In the 
vagina, increased vascularity and hyperemia develop in the skin 
of the vulva and the mucosa of the vagina, which may cause a 
bluish discoloration of the vulva, cervix, and vagina as described 
by Chadwick in 1887 and Jacquemin in 1836.88 Progesterone 
increases venous distensibility which, combined with the 
mechanical effects of the uterus and the increased circulating 
blood volume, may result in the appearance or worsening of

varicose veins in the vulva. The connective tissue underlying the 
vaginal epithelium also relaxes, and the muscle fibers thicken.88 
The vaginal mucosa itself increases in thickness, and the epithe
lial cells acquire a characteristic oval form. Estradiol rises across 
gestation, which leads to increased glycogen levels, namely in 
the epithelial cells. This glycogen is metabolized into lactic acid, 
which causes the vaginal pH to decrease. This lactic acid appears 
to primarily be a byproduct of lactobacilli,86 which dominate the 
vaginal flora in pregnancy,71'891)2 as will be discussed in the 
microbiome section of this chapter. Thus it is a combination 
of hormonal and microbiotic changes that contribute to 
alterations in the vagina.

Cervix
During pregnancy, the cervix undergoes a reversible transforma
tion from a closed, rigid, nondistensible structure charged with 
maintaining a pregnancy to a soft, distensible, nearly indistin
guishable ring of tissue capable of stretching to permit the 
passage of a term fetus. Unlike the body o f the uterus, cervical 
tissue comprises little smooth muscle; the major component 
is connective tissue, which consists o f collagen, elastin, pro
teoglycans, and a cellular portion.92 Changes in the collagen 
structure and glycosaminoglycans, which are under hormonal 
control, contribute to the successful softening and dilation of 
the cervix.92 Following delivery, this tissue is repaired to allow 
subsequent pregnancies.

During pregnancy, the cervix also produces copious amounts 
of mucus that is thicker and more acidic during pregnancy 
owing to the effects of progesterone. This mucus is rich in matrix 
metalloproteinases, which change in composition as pregnancy 
progresses as their role shifts from cervical remodeling to senti
nels against ascending infection.93 Levels of immunoglobulin G 
(IgG)— and, to a lesser extent, IgA—increase during pregnancy. 
IgG levels are highest in the first trimester and subsequently 
decrease in the second and third trimesters, whereas IgA levels 
remain relatively constant. Because peak levels of IgG and IgA 
during all trimesters of pregnancy significantly exceed levels in 
all phases of the menstrual cycle, it has been postulated that this 
enhancement may result from increased estrogen and progestin 
levels. Expression of particular interleukins correlates with 
immunoglobulin levels but also appears to be influenced by the 
vaginal microbial composition with decreased Lactobacillus 
species associated with increased cervical interleukin 8 (IL-8), a 
proinflammatory cytokine.

MICROBIOME
The human microbiome encompasses the totality o f the 
microbes living on and within our bodies. The microbes and 
their human hosts have co-evolved as a physiologic commu
nity comprised o f unique, body-site specific niches, meaning 
that the composition o f microbes present at any body site 
is distinct from other body sites. These microbes generally 
form a symbiotic relationship with their human hosts, although 
exceptions do exist. The microbiome of healthy nonpregnant 
women was described in 2012.94,95 More recent work has dem
onstrated that the microbiome of specific body sites change 
during pregnancy.71919|’ The body site-specific changes in the 
microbiome during pregnancy may serve to maintain preg
nancy, prepare the body for parturition, or establish the 
neonatal microbiome at the time o f parturition. This emerg
ing field poses exciting questions for the mechanisms of not only
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FIG 3-13 This principal coordinate analysis (PCoA) plot demonstrates 
the degree to which each woman's vaginal microbiome differs from 
the microbiome of other women's vaginas. Here, nonpregnant 
women are shown in blue, and pregnant women are shown in green 
with different vaginal sites indicated by the shades of blue or green. 
Visually apparent clustering is seen based upon pregnancy status 
(pregnant vs. nonpregnant), whereas the vaginal site contributed less 
to cluster formation. (From Aagaard K, Riehle K, Ma J, et al. A metage- 
nomic approach to characterization of the vaginal microbiome signa
ture in pregnancy. PLoS One. 2012;7[6]:e36466.)

preterm birth but also the nature of the interaction between 
microbes and their human hosts in general.

Vaginal Microbiome
As discussed previously in this chapter, the estrogen-induced 
increase in glycogen is metabolized into lactic acid by Lactobacil
lus, which decreases the pH of the vagina and fosters further 
Lactobacillus growth. The presence of lactobacilli has long been 
noted to increase as gestational age advances, but since the 
advent of metagenomics (detailed microbiome analysis), more 
specific compositional changes have been noted.

The microbiome of the vagina in pregnancy has decreased 
diversity (alpha diversity) and decreased richness (less different 
species present).71 As recently demonstrated, the composition of 
the microbiome is also different (Fig. 3-13). Whereas the 
number o f genera and species present decreased, a subse
quent dominance by several genera was apparent, notably 
Lactobacillus. The particular species enriched—L. jensenii, 
L. johnsonii, or L. crispatus—is o f probable biologic signifi
cance. 1 For example, L. jen sen ii anaerobically metabolizes gly
cogen, which is increased with the rising estrogen levels and 
thereby contributes to the acidic vaginal environment. Addition
ally, L. jen sen ii may have surface-associated proteins that inhibit 
sexually transmitted infections, including infection by Neisseria 
gonorrhoeas, thereby L. jen sen ii may help prevent preterm birth. 
Both L. jen sen ii and L. crispatus are strong hydrogen peroxide 
producers and have been hypothesized to protect against bacte
rial vaginosis, which has been posited as a risk factor for preterm 
birth and human immunodeficiency virus (HIV) infection.97,98

One of the predominant species in the GI tract of neonates, 
L. johnson ii, is also enriched in the vaginal microbiome during 
pregnancy. It is able to survive passage through the acidic 
stomach and can colonize the lower GI tract; it secretes antimi
crobial bacteriocins, which can kill Enterococcus species99; and it 
is associated with increased mucus thickness in the stomach.100 
Thus it may be important for establishing the neonatal GI 
microbiome.

Gut Microbiome
Pregnancy is also characterized by changes in the gut microbiota. 
Over the course of gestation, the bacterial load of the intestines 
is reported to increase, and the composition also changes. One 
study found that the diversity within an individual (alpha diver
sity) decreased with advancing gestation, but diversity between 
individuals (beta diversity) increased. These changes occurred in 
parallel with an overall increase in Proteobacteria and a decrease 
in Faecalibacterium . An abundance of Proteobacteria is often 
associated with inflammatory conditions, and Faecalibacterium  
has antiinflammatory effects; taken together, the stool in the 
third trimester o f pregnancy resembles stool from inflamma
tory disease states. One study innoculated mice with the stool 
of women in their first and third trimesters of pregnancy and 
found that stool from the third trimester induced higher levels 
of inflammation, adiposity, and glucose intolerance in the mice 
than stool from the first trimester of pregnancy. Thus pregnancy 
is associated with changes in the gut microbiome that resem
ble proinflammatory and prodiabetogenic states. However, 
these changes may promote energy storage and fetal growth.

Placental Microbiome
Contrary to the commonly held belief that the upper reproduc
tive tract and placenta are sterile, evidence has been mounting 
that microbiota are present even in the absence of clinically 
evident intraamniotic infection.96,101'103 One recent study that 
utilized detailed metagenomic analytic methods not only identi
fied bacteria in healthy term deliveries, it found that the com
position o f the microbiome was different among women 
with term versus preterm birth and was also different among 
women with or without a remote antenatal infection, such 
as pyelonephritis.96 This study also found that the particular 
composition of the bacteria present in the placenta most closely 
resembled the oral microbiome and did not resemble the vaginal 
or skin microbiome. This implies that the bulk of the bacteria 
isolated were neither contaminants nor ascending infections but 
may have arrived in the placenta via hematogenous spread from 
the oral cavity.96 Together these findings may explain the pro
posed link between periodontal disease and preterm birth.

SUMMARY

In conclusion, the physiologic changes of pregnancy overall 
serve to support and maintain the pregnancy in a manner 
that encompasses almost every organ system from head to 
toe. Some of these shifts lead to symptoms that can be 
worrisome to patients, and the role of the practitioner is 
to discern whether symptoms reflect normal physiologic 
changes or more concerning pathology. Lastly, the role of 
microbes in maintaining, or perhaps disrupting, the preg
nancy is an emerging field; within a few years, the depth 
and breadth of the relationship between humans and their 
microbiomes will likely be further elucidated.

KEY POINTS

♦ The “healthy” amount of weight to gain during preg
nancy is BMI specific.

♦ Maternal cardiac output increases 30% to 50% during 
pregnancy. Supine positioning and standing are both
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associated with a fall in cardiac output, which is highest 
during labor and in the immediate postpartum period.

♦ As a result of the marked fall in systemic vascular resis
tance and pulmonary vascular resistance, PCWP does 
not rise despite an increase in blood volume.

♦ Maternal BP decreases early in pregnancy. The diastolic 
BP and the mean arterial pressure reach a nadir at mid
pregnancy (16 to 20 weeks) and return to prepregnancy 
levels by term.

♦ Maternal plasma volume increases 50% during preg
nancy. Red blood cell volume increases about 18% to 
30%, and the hematocrit normally decreases during 
gestation but not below 30%.

♦ Pregnancy is a hypercoagulable state that is accompa
nied by increases in the levels of most of the procoagu
lant factors and decreases in the fibrinolytic system and 
in some of the natural inhibitors of coagulation.

♦ Pa02 and PaCO2 fall during pregnancy because of 
increased minute ventilation. This facilitates transfer of 
CO 2 from the fetus to the mother and results in a mild 
respiratory alkalosis.

♦ BUN and creatinine normally decrease during preg
nancy as a result of the increased glomerular filtration 
rate.

♦ Plasma osmolality decreases during pregnancy as a result 
of a reduction in the serum concentration of sodium 
and associated anions. The osmolality set points for AVP 
release and thirst are also decreased.

♦ Despite alterations in thyroid morphology, histology, 
and laboratory indices, the normal pregnant woman is 
euthyroid, with levels of free T4 within nonpregnant 
norms.

♦ Pregnancy is associated with a peripheral resistance to 
insulin, primarily mediated by tumor necrosis factor 
alpha and human placental lactogen. Insulin resistance 
increases as pregnancy advances; this results in hyper
glycemia, hyperinsulinemia, and hyperlipidemia in 
response to feeding, especially in the third trimester.

♦ Physiologic changes in the vagina interact with the 
vaginal microbiome to protect against infection and 
promote pregnancy maintenance.
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Pregnancy poses unique immunologic challenges to the 
mother, who must become tolerant to a genetically foreign 
fetus yet remain immunocompetent to fight infection. Immu
nology is one of the fastest moving fields in medical science with 
many recent advances in the understanding of immunologic 
changes in pregnancy. The study of maternal-fetal immunology 
was initially driven by a desire to understand how such a para
doxical feat could occur naturally. Sir Peter Medawar1 suggested 
several possibilities to explain fetal tolerance by the mother, 
including anatomic separation of the fetus and mother, antigenic 
immaturity of the fetus, and immunologic inertness of the 
mother. Over time, research has revealed that none of these 
explanations were adequate for several reasons. First, maternal 
and fetal cells were discovered to come into contact with each 
other throughout pregnancy; therefore neither the mother nor 
the fetus is truly anatomically separated from the other.2'4 Small 
populations of fetal cells in the mother and maternal cells in the 
fetus can persist for decades after pregnancy, which is known as 
m icro ch im erism  (M e)!’ Secondly, the fetus is not antigenically 
immature. Fetal immune cells in the skin can elicit potent 
immune responses.6 Other fetal immune cells become highly 
specialized to suppress the fetal immune system and prevent 
reactivity toward maternal microchimeric cells that enter the 
fetus.7 Finally, the mother is not immunologically inert;, main
taining the ability to recognize pathogens and fight infection is 
paramount to her survival during pregnancy. Instead, the mater
nal immune system has developed an elaborate strategy to 
become more flexible to what she considers “self” during preg
nancy in order to prevent immunologic attack of the fetus.8,9 
The study of pregnancy immunology has revealed many fascinat
ing mechanisms at work to achieve and maintain fetal tolerance 
during pregnancy while still allowing for normal immune 
defense.

In this chapter, we focus on describing pregnancy immunol
ogy as it relates to normal pregnancy and obstetric complica
tions. In some perinatal conditions, the study of pregnancy 
immunology is central to the discovery of better diagnostic 
strategies and therapies. For example, preterm labor associated 
with infection is characterized by immunologic proteins in the 
blood, amniotic fluid, and vaginal fluid, which are thought to 
play a major role in triggering labor.10' 12 Understanding the 
functions of the immune system and individual immune cells as 
they relate to maternal tolerance of the fetus, preterm birth, 
preeclampsia, pregnancy loss, and common perinatal infections 
will allow the clinician to gain a deeper appreciation for normal 
and abnormal pregnancy.

IM M U N E S Y S T E M  O V E R V IE W : IN N A T E  
A N D  A D A P T IV E  IM M U N IT Y
The immune system is classically divided into two arms, the 
innate (Fig. 4-1) and adaptive (Fig. 4-2) immune systems.
Each arm of the immune system fights infection by a slightly 
different and complementary method. Both systems have several 
important mechanisms to prevent maternal immunity from tar
geting and killing the fetus, yet the immune system must remain 
competent to overcome an infection to preserve the mother’s 
life. Achieving a balance between controlling normal immune 
responses and maintaining immune function is a major chal
lenge of pregnancy.

The innate immune system uses fast, nonspecific methods 
of pathogen detection to prevent and control an initial

infection. Innate immunity consists o f immune cells such as 
macrophages, dendritic cells (DCs), natural killer (NK) cells, 
eosinophils, and basophils. In pregnancy, these cells have been 
implicated in preterm labor, preeclampsia, maternal-fetal toler
ance, and intrauterine growth restriction (IUGR). M any of these 
cells identify pathogens through pattern-recognition receptors 
(PRRs) that recognize common pathogen structures such as 
lipoteichoic acid and lipopolysaccharide (LPS), constituents of 
the cell walls of gram-positive and gram-negative bacteria. PRRs 
include the macrophage mannose receptor and Toll-like recep
tors (TLRs), a large family of PRRs likely responsible for the 
earliest immune responses to a pathogen.13 TLR activation is 
often triggered by components of bacterial cell walls, which 
initiate a signaling cascade that leads to release of cytokines. 
Cytokines are small immunologic proteins implicated in the 
pathogenesis of preterm labor. Another component of innate 
immunity is complement, a system of plasma proteins that coat 
pathogen surfaces with protein fragments to target them for 
destruction.

In many cases, innate immune defenses are effective in com
bating pathogens. Sometimes, pathogens may evolve more 
rapidly than the hosts they infect, or they evade innate immune 
responses, like seasonal influenza viruses. The adaptive immune 
system must then act to control infection. Adaptive immunity 
results in the clonal expansion o f lymphocytes (T cells and 
B cells) and antibodies against a specific antigen. Although 
slower to respond, adaptive immunity targets specific com
ponents o f a pathogen and is capable o f eradicating an infec
tion that has overwhelmed the innate immune system. 
Adaptive immunity also requires presentation of antigen by spe
cialized antigen-presenting cells (APCs), production and secre
tion of stimulatory cytokines, and ultimately, amplification of 
antigen-specific lymphocyte clones (T cells and B cells). These 
memory T and B cells provide lifelong immunity to the specific 
antigen.

IN N A T E  IM M U N IT Y : F IR S T  LIN E  
O F H O S T  D E F E N S E
Epithelial surfaces of the body are the first defenses against infec
tion. Mechanical epithelial barriers to infection include ciliary 
movement of mucus and epithelial cell tight junctions that 
prevent microorganisms from easily penetrating intercellular 
spaces. Chemical mechanisms of defense include enzymes (e.g., 
lysozyme in saliva, pepsin), low pH in the stomach, and anti
bacterial peptides (e.g., defensins in the vagina) that degrade 
bacteria.

After a pathogen enters the tissues, it is often recognized 
and killed by phagocytes, a process mediated by macro
phages and neutrophils. TLRs, a family o f PRRs on the 
surface o f macrophages and other innate immune and epi
thelial cells, represent a primary mechanism o f pathogen 
detection. TLR activation results in secretion of cytokines that 
initiate inflammatory responses. Nucleotide-binding oligomer
ization domain receptors (NOD-like receptors, NLRs) are also 
PRRs, and they operate inside the cell to recognize pathogen 
structures once they have entered the cell through phagocytosis 
or via pores. NLRs can cooperate with TLRs to initiate or regu
late an inflammatory or apoptotic response. Cytokines and che
mokines such as interleukin-8 (IL-8) are released after activation 
of PRRs to recruit neutrophils to sites of inflammation; they also 
coordinate many immune functions that include cell activation,
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66 Section I Physiology

IN N A TE IM M U NITY
• First line of host defense to infection
• Rapid response
• Nonspecific recognition of broad classes of pathogens
• Preexisting effector cell population (no amplification required)
• Inability to discriminate self vs. non-self; only recognizes pathogens

A. Cells

Natural killer 
(NK cell)

Eosinophil

B. Pattern R ecognition R eceptors: Recognize common microbial patterns and structures

Example ligand
> Toll-like receptors f —  TLR1 Triacyl lipopeptides

(TLR) ' — TLR2 Lipoprotein/lipopeptides
1 Macrophage Peptidoglycan & lipotechoic acid
mannose receptor —  TLR3 Double-stranded DNA

■ Mannan-binding —  TLR4 Lipopolysaccharide
lectin — TLR5 Flagellin

-  TLR6 Diacyl lipopeptides
-  TLR7 & 8 Single-stranded DNA
-  TLR9 CpG-containing DNA
-TLR10 Unknown

Origin of liaand 
Bacteria & mycobacteria 
Various pathogens 
Gram-positive bacteria 
Viruses
Gram-negative bacteria 
Bacteria 
Mycoplasma 
Viruses
Bacteria and viruses

C. C om plem ent System : Plasma proteins that cooperate to facilitate destruction of pathogens 

Pathways:

Activation by:

Initiating
complement
components:

Convergence
pathways:

Terminal
complement

components:

Classical Mannose-bindino lectin Alternative 
Antigen: Antibody Mannose on Pathogen

complexes on pathogen surfaces surfaces 
pathogen surfaces

C1r

factor D

C3 convertase

r
Q  C3a 
& C5a 

Inflammatory 
mediators

C3b

I
Pore j Cell

membrane

Membrane-attack complex 
(C5, C6, C7, C8, C9) 

creates pore in
Ingestion by macrophage Opsonization pathogen membrane

A  L^S'S
CPaihpflen~)

<

Macrophage

I

D. Induced Innate Im m une Responses

Cytokines Chemokines

Neutrophil

V  
►  *• 

«  *•

TNF-a
IL-1
IL-6

IL-8
MIP-1a
MCP-1

Stimulate
—  Fever —  Facilitate leukocyte recruitment
—  Acute phase protein production —  Direct leukocyte migration
—  Neutrophil mobilization
—  Adaptive immune response

FIG 4-1 The innate immune system. This system acts as the first line of host defense and consists of immune cells (A), the pattern-recognition 
receptors that target common pathogen structures (B), the complement system (C), and induced innate immune responses (D). The toll-like 
receptors and their common ligands are listed because they act as the principal immune sensors of pathogens (B). Complement activation may 
occur through three different initiating pathways that converge with production of the C3 convertase and generation of the terminal complement 
proteins (C). As a result of activation of these components of the innate immune system, neutrophils may be recruited to the site of infection, 
and cytokines and chemokines may be produced (D).
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A D A P T IV E  IM M U NITY
• Activated when innate immune defenses overwhelmed
• Delayed response
• Specific recognition of small protein peptides
• Requires amplification of lymphocyte clones
• Ability to discriminate self from non-self

A. B C ells  R eceptors and A ntibodies

B cell P lasm a cell
Antibody

(secreted B 
cell receptor)

B cell

Antibody
production

A ntibody types
• IgA high in:

—  Breast milk
—  Vaqinal fluid
—  Gut

•Ig D
—  Surface Ig on naive 

B cells
•Ig E

—  Involved in allergic 
responses

• IgG
—  Most abundant Ig
—  Crosses placenta
—  Involved in immunologic 

memory
• IgM

—  Involved in primary 
B cell responses

B. T  Cells and T  Cell Receptors

MHC classical class IAntigen- 
presenting cell

Antigen- 
presenting cell

T cell
T cell recognizes

□K peptide presented 
by major 

/  histocompatability 
complex (MHC) 

J T c e l l  molecules, 
receptor also known as 

human leukocyte 
antigens (HLA)

Non-classical class IMHC 
class II 

Peptide 

T cell 
receptor

MHC 
class I

T cell 
receptor

C D 8+ T  cell
(cytotoxic T cell)

C D 4+ T  cell
(T helper cell)

T  H elper T yp e  1 (T H1) and Type 2 (T H2) R esponses

Activates Antigen

Lysosomes 
fusing with 
intracellular 
bacteria

Antibody

Macrophage
B cell activation

C

■ T  helper type 1 response activates 
macrophages

• Associated cytokines:
—  IFN-y —  IL-12
—  TNF-oc —  IL-18

■ Induced by Listeria monocytogenes 
and may contribute to intrauterine 
fetal death

• T helper type 2 response activates 
B cells

• Associated cytokines:
—  IL-4 —  IL-6
—  IL-5 —  IL-13

• Cytokines with anti-inflammatory properties
—  IL-10
—  TGF-P

• Thought to dominate over TH1 responses in pregnancy

FIG 4-2 The adaptive immune system acts to control infection that has overwhelmed the innate immune system and is also important in trans
plant rejection and tumor killing. B cells secrete antibodies to protect the extracellular spaces of the body from infection and assist in the activa
tion of helper T (CD4+) cells (A). Different classes of antibodies reflect structural variations that allow antibodies to be targeted to different 
bodily compartments and serve slightly different functions. The first step in T-cell activation occurs when the T-cell receptor recognizes a complex 
of peptides presented by a major histocompatibility (MHC) molecule (B). A CD4+ T cell recognizes peptide presented by MHC class II, and a 
CD8+ T cell interacts with peptides presented by MHC class I. Peptides may be presented by many different types of the listed MHC class I 
or class II molecules. After activation, the CD4+ T cell (or helper T cell) may either activate macrophages through a helper T-cell type 1 response 
or activate B cells through the helper T-cell type 2 response (C).
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68 Section I Physiology

replication, and differentiation. Proinflammatory cytokines 
have been described in the mother and fetus and in the 
amniotic fluid o f women with preterm labor and intraamni- 
otic infection.1011

Antimicrobial Peptides
Antimicrobial peptides are secreted by neutrophils and epithe
lial cells to kill bacteria by damaging pathogen membranes. 
Defensins are a major family o f antimicrobial peptides that 
protect against bacterial, fungal, and viral pathogens. Neu
trophils secrete CX-defensins, and epithelial cells in the gut and 
lung secrete P-defensins. Both a- and P-defensins are tempo
rally expressed by endometrial epithelial cells during the men
strual cycle.14 Susceptibility to upper genital tract infection 
may be related in part to the decreased expression of antim i
crobial peptides in response to hormonal changes during 
the menstrual cycle. M any other tissues of the female repro
ductive tract and the placenta secrete defensins, including 
the vagina, cervix, fallopian tubes, decidua, and chorion. 
Elevated concentrations o f vaginal and amniotic fluid 
defensins have been associated with intraamniotic infection 
and preterm birth.

Macrophages
Macrophages mature from circulating monocytes that leave the 
circulation to migrate into tissues throughout the body. Macro
phages have critical scavenger functions that likely help to 
prevent bacteria from establishing an intrauterine infection 
during pregnancy. Macrophages are one of the most abundant 
immune cell types in the placenta and can directly recognize, 
ingest, and destroy pathogens. Pathogen recognition may occur 
through PRRs such as TLRs, scavenger receptors, and mannose 
receptors. Macrophages also internalize pathogens or pathogen 
particles through phagocytosis, macropinocytosis, and receptor- 
mediated endocytosis. Multiple receptors on the macrophage 
can induce phagocytosis, including the mannose receptor, scav
enger receptor, CD14, and complement receptors. Macrophages 
also release many bactericidal agents after ingesting a pathogen, 
such as oxygen radicals, nitric oxide, antimicrobial peptides, and 
lysozyme.

Uterine macrophages represent up to one third o f the total 
leukocytes in pregnancy-associated tissue during the later 
parts o f pregnancy and perform many critical functions to 
support the pregnancy. Macrophages are a major source of 
inducible nitric oxide synthetase, a rate-lim iting enzyme for 
nitric oxide production. During pregnancy, nitric oxide is 
thought to relax uterine smooth muscle, and uterine nitric 
oxide synthetase activity and expression decreases before parturi
tion. Uterine macrophages are also a major source of prostaglan
dins, inflammatory cytokines, and matrix metalloproteinases 
that are prominent during term and preterm parturition. 
Throughout pregnancy, macrophages are also in close proximity 
to invading trophoblasts that establish placentation. Placental 
growth involves trophoblast remodeling and programmed cell 
death (apoptosis). Macrophages in the placenta phagocytose 
apoptotic trophoblast, which also programs the macrophage to 
release antiinflammatory cytokines (e.g., IL-10) promoting fetal 
tolerance.

Natural Killer Cells
The NK cell has important functions during pregnancy and 
becomes the most abundant leukocyte in the pregnant uterus.

NK cells differ from T and B cells in that they do not express 
clonally distributed receptors for foreign antigens and can 
lyse target cells without prior sensitization. The phenotype of 
decidual NK (dNK) cells is different from that of NK cells in 
peripheral blood, which seems to correlate with different primary 
functions. Most NK cells in blood (90%) have low CD56 and 
high CD 16 expression (CD56dm7CD 16bnBht)> in the uterine 
decidua, dNK cells have high CD56 expression (CD56bnsht)- The 
level of CD56 expression determines whether an NK cell has a 
primary cytolytic (CD56dlra) or cytokine-producing (CD56bnsht) 
function. During pregnancy, dNK cells are the predominant 
decidual immune cell with peak levels (-85% ) in early preg
nancy that gradually decline by mid gestation but that 
remain at approximately 50%  o f total decidual immune 
cells.15 In addition, dNK cells are thought to play a major 
role in the remodeling o f the spiral arteries to establish 
normal placentation. Mice with genetically defective or low 
numbers of dNK cells fail to undergo spiral artery remodeling 
and normal development of the decidua, which are critical pro
cesses for normal placentation (see Chapter I ) .16,1 This defect 
is corrected with administration of interferon-y (IFN-y), a 
prominent NK cell cytokine, which suggests that dNK cells play 
an important role in the angiogenesis necessary for trophoblast 
invasion. The cytolytic activity of dNK cells is low and is further 
inhibited by interactions with human leukocyte antigen G 
(HLA-G).18'19

Toll-Like Receptors
TLRs are a recently discovered large family of PRRs on macro
phages and many other cell types that play a key role in innate 
immunity.1’ TLRs are now recognized as the principal early 
sensors o f pathogens that can activate both the innate and 
adaptive immune system. Ten functional toll homologues are 
found in humans, and they recognize a wide range of pathogen 
ligands (see Fig. 4-1, B). TLR4 is a TLR that recognizes LPS 
from gram-negative bacteria, which triggers a signaling cascade 
that leads to cytokine gene expression (Fig. 4-3). TLR4 is 
expressed on macrophages, dendritic cells, endothelium, and 
numerous epithelial tissues. TLR2 recognizes motifs from 
gram-positive bacteria, including lipoteichoic acid and peptido- 
glycan. Several bacteria evade TLR recognition by producing 
proteins or LPS mutants that interfere with TLR signaling. 
For example, Yersinia pestis— the bacteria responsible for 
plague—expresses a tetraacetylated LPS that is poorly recog
nized by TLR4 and results in TLR4 antagonism. Brucella 
abortus, known to induce recurrent abortion in cattle, produces 
at least two proteins that are potent inhibitors of TLR signal
ing, which gives the bacteria a survival advantage in evading 
immune detection.20

Expression of both TLR2 and TLR4 has been demonstrated 
in the placenta, and first-trimester trophoblast cells express both 
TLR2 and TLR4.21 Activation of TLR2 triggers Fas-mediated 
apoptosis, whereas TLR4 activation induces proinflammatory 
cytokine production. The immunologic capability o f  first- 
trimester trophoblast cells to recognize pathogens and induce 
apoptosis suggests that innate immunity may be an important 
placental mechanism for triggering spontaneous abortion. TLR4 
is also expressed in villous macrophages, villous and extravillous 
trophoblast, and the amniochorion. Expression of TLR4 and 
TLR2 increases in the chorioamniotic membranes of women 
with intraamniotic infection and also in term labor. Although 
intrauterine injection of LPS induces preterm birth in many
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FIG 4-3 Toll-like receptor 4 (TLR4) recognition of lipopolysaccharide (LPS). Recognition of LPS by TLR4 occurs through several steps. (V LPS is 
released from intact or lysed bacteria. (2) LPS binds to LPS-binding protein (LBP). (3) The LPS-LBP complex is recognized by a cell surface 
receptor complex TLR4, CD14, and MD-2. Binding of LPS-LBP to the TLR4-CD14-MD-2 receptor recruits the intracellular adapter molecule, 
myeloid differentiation factor 88 (MyD88). Binding of MyD88 promotes the association of IL-1 receptor-associated protein kinase 4 (IRAK). Next, 
tumor necrosis factor receptor-associated kinase 6 (TRAF6) initiates a signaling cascade that results in degradation of Ik-B, which releases 
nuclear factor kB  (NF-kB), a transcription factor, into the cytoplasm. (4) NF-kB translocates into the nucleus and activates cytokine gene expres
sion. Although the figure depicts TLR4 activation in a macrophage, many other immunologic and epithelial cells express TLR4 and induce 
cytokine production (5) through this mechanism.

murine and nonhuman primate models, administration of LPS 
to TLR4 mutant mice or LPS blockade with a TLR4 antagonist 
does not result in preterm delivery.22”3 This finding suggests that 
TLR4 is required for LPS-induced preterm birth in mice and 
that it is an important driver of the inflammatory cascade that 
results from intraamniotic infection.

Maturation o f TLR expression in the fetal membranes 
over time may explain the tendency for infection-associated 
preterm births to occur no earlier than the late second or 
early third trimester.21 Although TLR4 is expressed in the 
cytoplasm of amniotic epithelium in the first trimester, not 
until 25 weeks is there TLR4 expression on the apical mem
brane, which is in contact with amniotic fluid and potential 
pathogens.23 A similar ontogeny in TLR4 expression is seen in 
the fetal lung. When mouse fetal lung is exposed to LPS on 
fetal day 14 (term is 20 days), TLR4 expression and cytokines 
are undetectable. By day 17, TLR4 is expressed and an acute 
cytokine response occurs in fetal lungs. TLR4 likely controls 
the magnitude of the LPS-induced cytokine response during 
the perinatal period, and TLR4 placental expression is depen
dent on gestational age.

Complement System
An important component o f the innate immune system is 
the complement system, which consists o f a large number o f 
plasma proteins that cooperate to destroy and facilitate the 
removal o f pathogens (see Fig. 4-1, C). Complement proteins 
are detected in the amniotic fluid during intraamniotic infec
tion, and regulation of complement is necessary to protect pla
cental and fetal tissues from inflammation and destruction. The 
nature of the initial pathogen trigger determines one of three 
activation pathways: 1) classic, 2) alternate, and 3) lectin- 
binding pathways. For example, the classic pathway of comple
ment activation is triggered when the complement protein C lq  
binds to antigen-antibody complexes on the surface of patho
gens. This binding then results in a series of activation and 
amplification steps that result in production of the membrane

attack complex (MAC), which creates a pore in the pathogen 
membrane and leads to cell lysis. Formation of the MAC is 
an important mechanism of host defense against Neisseria 
species. Genetic deficiencies in C5-C9 complement proteins 
have been associated with susceptibility to N. gonorrhoeae and 
N. meningitidis.

Regulatory proteins exist to protect cells from the deleterious 
effects of complement and are expressed on the placental mem
branes. Placental tissues at the maternal-fetal interface strongly 
express several negative regulators of complement activation, 
including CD59 (MAC antagonist), membrane cofactor protein, 
and decay-accelerating factor (inhibitor of C3 and C5 conver- 
tases).26,2’ Whether these regulatory proteins might become 
overwhelmed during an intraamniotic infection, leading to 
weakening of the membranes by complement proteins, is 
unknown.

Cytokines
The release o f cytokines and chemokines by macrophages 
and other immune cells represents an important induced 
innate immune response (Table 4-1; see Fig. 4-1, D). Activated 
macrophages secrete cytokines— IL -ip , IL-6, IL-12, and tumor 
necrosis factor alpha (TN F-a)— that initiate inflammatory 
responses to control infections. These cytokines are often 
referred to as proinflammatory because they mediate fever, 
lymphocyte activation, tissue destruction, and shock. Higher 
levels of several cytokines and chemokines have been implicated 
in the increased morbidity and mortality with influenza during 
pregnancy. In lung homogenates of infected pregnant mice, 
levels of IL-6 and IL-8; regulated on activation, normal T-cell 
expressed and secreted (RANTES [CCL5]); and monocyte che- 
motactic protein 1 (MCP-1 [CCL2]) were higher after infection 
with the 2009 H1N1 influenza virus strain. Dramatic elevations 
in IL-6 have also been implicated in deaths, such as in the 1918 
influenza virus, with an estimated mortality in pregnancy of 
27% .28 An increase in cytokine levels is likely not the only 
explanation for increased morbidity and mortality from
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TABLE 4-1 CYTOKINES AND THEIR PRIMARY ACTIONS IN REGULATING IMMUNE AND INFLAMMATORY RESPONSE

Section I Physiology

CYTOKINE PRODUCED BY PRIMARY ACTION

Interferons

Interleukin-1 
Interleukin-2 
Interleukin-4 
Interleukin-6

Interleukin-8 
Interleukin-10

Transforming growth factor (3

Monocytes and macrophages

Monocytes and macrophages 
Activated T  cells 
CD4+ helper T  cells 
Monocytes and macrophages

Monocytes 
CD4+ helper T cells

T cells and monocytes

Produced in response to viruses, bacteria, parasites, and tumor cells
Action includes killing tumor cells and inducing secretion of other inflammatory cytokines 
One of the first cytokines to appear during an inflammatory response 
Induces fever; costimulator of CD4+ helper T cells
Primary growth factor and activation factor for T cells and natural killer cells 
B-cell growth factor for antigen-activated B cells
Regulates growth and differentiation of lymphocytes and growth factor for plasma cells 

and induces the synthesis of acute-phase reactants by the liver 
Chemoattractant for neutrophils
Suppresses production of interferon, suppresses cell-mediated immunity, enhances humoral 

immunity
Inhibits the proliferation of lymphocytes

influenza infection during pregnancy. Recendy, enhanced NK- 
and T-cell responses to influenza vaccination in pregnant women 
were reported, which suggests that robust cellular immune 
responses also play a role.29

During normal pregnancy, many cytokines become re
pressed with advancing gestation, including IFN-y, vascular 
endothelial growth factor (VEGF), MCP-1 (CCL2), and 
eotaxin. T N F -a and granulocyte colony-stimulating factor 
(G-CSF) levels increase slightly with advancing gestation, 
which is surprising because both have been linked to proin- 
flammatory responses, and maintaining uterine quiescence 
during pregnancy is thought to require repression of inflam
mation. Proinflammatory cytokines such as IL-1 (3, TNF-a, 
and IL-6 have also been identified in the amniotic fluid, 
maternal and fetal blood, and vaginal fluid o f women with 
intraamniotic infection at much higher levels than that ob
served during normal pregnancy.10"12'30 These cytokines not 
only serve as a marker o f intraamniotic infection, they may 
trigger preterm labor and lead to neonatal complications. 
The fetal inflammatory response syndrome describes the 
connection between elevated proinflammatory cytokines in 
fetal blood, preterm labor, and increased adverse fetal out
comes (see Chapter 29).30

The relative contribution of individual cytokines and chemo- 
kines to preterm labor was studied in a unique nonhuman 
primate model. Preterm labor was induced by intraamniotic 
infusions of IL-1 [3 and T N F-a but not by IL-6 or IL-8. IL-1 (3 
stimulated preterm labor in all cases and was associated with an 
intense contraction pattern.31 T N F -a induced a variable degree 
of uterine activity characterized as preterm labor in some animals 
or as a uterine contraction pattern of moderate intensity. Despite 
prolonged elevations in amniotic fluid levels, neither IL-6 
nor IL-8 induced an increase in uterine contractions until near 
term. These results suggest a primary role for IL-1 P and 
TNF-a in the induction o f infection-associated preterm 
birth. Recent data suggest that parturition and prostaglandin 
mRNA expression was delayed in IL-6 null mutant mice by 1 
day compared with wild-type mice.32 Furthermore, LPS did not 
induce preterm birth in IL-6-null mutant mice, in contrast to 
wild-type mice. Together, these data indicate that IL-6 plays 
a role in triggering normal parturition, perhaps in activation 
o f labor pathways.

Investigation of the individual effect of a single cytokine on 
pregnancy or complications of pregnancy in humans has

proved challenging for several reasons. M any cytokines tend to 
be functionally redundant, with one cytokine compensating 
for the absence of another. Second, multiple cytokine recep
tors (i.e., interleukin-1 [IL-1] receptor antagonist, IL-18
binding protein) modulate similar cytokine effects. New fami
lies of decoy or silent cytokine receptors and suppressors of 
cytokine signaling have also been discovered in the placenta 
and amniotic fluid. Finally, molecular variants of cytokines 
may act as receptor antagonists. Therefore individual cyto
kine effects during pregnancy must be interpreted in the 
context o f cytokine receptors, receptor antagonists, silent 
cytokine receptors, and suppressors o f cytokine signaling.

Chemokines
Chemokines are a class o f cytokines that act primarily as 
chemoattractants that direct leukocytes to sites o f infection.
These chemotactic agents constitute a superfamily of small (8 to
10 kDa) molecules that can be divided into three groups— C, 
CC, and CXC— based on the position of either one or two 
cysteine residues located near the amino terminus of the protein. 
IL-8, CCL2 (also known as M CP-1), and RANTES (CCL5) 
are a few examples of chemokines. CXC chemokines, such as 
IL-8, bind to CXC receptors (CXCRs) and are important for 
neutrophil activation and mobilization. Increases in IL-8 levels 
have been described in the amniotic fluid, maternal blood, 
and vaginal fluid with infection-associated preterm birth.” 
IL-8 and CCL2 have also been implicated in uterine 
stretch-induced preterm labor thought to occur in multiple 
gestation.34

Some chemokine receptors are used as a coreceptor for the 
viral entry of the human immunodeficiency virus (HIV; see 
Chapter 53). The two major chemokine co-receptors for HIV 
are CXCR4 and CCR5, both of which are expressed on activated 
T  cells. CCR5 is also expressed on DCs and macrophages, which 
allows HIV to infect these cell types. Rare resistance to HIV 
infection was discovered to correlate with homozygosity for 
a nonfunctional variant of CCR5 caused by a gene deletion in 
the coding region. The gene frequency for this CCR5 variant is 
highest in Northern Europeans but has not been detected in 
many black or Southeast Asian populations, in whom the preva
lence of HIV infection is high. CCR3 is another chemokine 
coreceptor for HIV that is expressed by microglia, and it can be 
used by some HIV strains to infect the brain.
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ADAPTIVE IMMUNITY
The function o f the adaptive immune system is to eliminate 
infection as the second line o f immune defense and to provide 
increased protection against reinfection through immuno
logic “memory.” Adaptive immunity comprises primarily B 
cells and T cells (lymphocytes), which differ from innate 
immune cells in several important respects, including the 
mechanism for pathogen recognition and lymphocyte activa
tion. Targeting a specific pathogen component in an immune 
response is a critical feature of the adaptive immune system and 
is necessary, in most cases, for resolution of the infection. 
However, achieving this specificity requires generation of an 
incredible diversity of T-cell receptors (TCRs) and B-cell recep
tors (BCRs). This creates the potential for self-antigens to be 
mistakenly targeted, resulting in an autoimmune response. Self
reactive T  cells and B cells are thought to either undergo apop
tosis in the thymus or to be regulated in the periphery. A small 
population of regulatory T  cells contributes to peripheral regula
tory mechanisms to prevent autoimmune responses and is 
discussed specifically in reference to mechanisms of fetal 
tolerance.

Major Histocompatibility Complex
Discriminating cells that are “self” from those that are 
“nonself” is a critical function of the immune system to deter
mine which cells should be destroyed and which to leave 
alone. In pregnancy, this process must be carefully regulated to 
prevent the killing of fetal cells, which express paternal genes 
that appear foreign to the maternal immune system; this in 
effect expands the maternal immune system’s definition of 
“self” to include the fetus. The ability o f a lymphocyte to 
distinguish self from nonself is based on the expression of 
unique major histocompatibility complex (MHC) mole
cules on a cell’s surface, which present small peptides from 
within the cell. M H C molecules are highly polymorphic pro
teins produced by a cluster of genes on the short arm of chro
mosome 6. This gene complex is classically divided into two 
distinct regions referred to as class I  and class II. Class I con
tains classical transplantation HLA genes (e.g., HLA-A, -B, 
and -C ) and nonclassical HLA genes distinguished by 
more limited polymorphism (e.g., HLA-G, -E, and -F). 
Class II contains polymorphic genes that are often matched 
for transplantation, including those o f the HLA-DR, -DQ, 
and -DP families o f genes. Reduced HLA matching is associ
ated with graft rejection after transplantation through activa
tion o fT  cells. This system differs significantly from the innate 
immune system, in which recognition of M H C is not neces
sary for pathogen destruction.

Humoral Immune Responses: B Cells 
and Antibodies
The function o f B cells is to protect the extracellular spaces 
(e.g., plasma, vagina) in the body through which infectious 
pathogens usually spread (see Fig. 4-2, A). B cells mainly fight 
infection by secreting antibodies, also called immunoglobu
lins. M any similarities are found between B and T lymphocytes. 
Like T cells, B cells also undergo clonal expansion after antigen 
stimulation and can be identified by a variety of specific cell 
surface markers (e.g., CD19, CD20, and BCR antigens). Acti
vated B cells may proliferate and differentiate into antibody- 
secreting plasma cells. Antibodies control infection by several

mechanisms that include neutralization, opsonization, and 
complement activation. Neutralization of a pathogen refers to 
the process of antibody binding, which prevents the pathogen 
from binding to a cell surface and internalizing. Alternatively, 
antibodies that coat the pathogen may enhance phagocytosis, 
also referred to as opsonization. Antibodies may also directly 
activate the classical complement pathway. Activation o f the B 
cell drives the B cell to proliferate and differentiate into an 
antibody-secreting plasma cell.

Recently it was discovered that profound changes occur in 
many types of B cells during pregnancy.35 Immature B cells that 
are the precursors to antigen-specific mature B cells are signifi
cantly reduced with advancing gestation in the maternal bone 
marrow, blood, and spleens of pregnant mice. Lymphopoiesis 
of B cells is reduced during pregnancy, which may be medi
ated by the normal pregnancy rise in estradiol.’6 Estradiol 
reduces levels of IL-17, a critical factor necessary for B-cell pro
duction in the bone marrow.37 This reduction in immature B 
cells is further potentiated during the second half of pregnancy 
by the antigen-induced deletion of immature B cells.38 Although 
immature B cells are reduced during pregnancy, the number 
of mature B cells is significantly increased. Surprisingly, an 
increased number of mature B cells are found in the lymph 
nodes that drain the uterus.35 Overall, pregnancy is associated 
with profound changes in the numbers o f B cells in several 
compartments.

Autoantibodies produced by B cells against angiotensin 
receptor I, known as AT1-AA, are thought to play a role in 
inducing hypertension and proteinuria in women with pre
eclampsia and fetal growth restriction.39,40 ATl-AA is present 
in 70% to 95% of women with preeclampsia, and antibody titer 
is correlated with disease severity.41 ATl-AA can bind to endo
thelial and placental cells in vitro to induce oxidative stress and 
cytokine and endothelin production.42,43 Transfer of these auto
antibodies from women with preeclampsia can also induce 
hypertension and proteinuria in pregnant mice.39 Although a 
wide spectrum of immunologic abnormalities is found in pre
eclampsia, the concept that an autoantibody can cause disease 
in pregnancy is well established. For example, Graves disease 
is the most common causes of thyrotoxicosis in pregnancy (see 
Chapter 42). More than 80% of individuals with Graves disease 
have anti-thyroid stimulating hormone (TSH) receptor autoan
tibodies. B cells are likely beneficial in establishing fetal tolerance 
but may also contribute to the pathogenesis of certain obstetric 
complications, such as preeclampsia.

Antibody Isotypes
Antibodies share the same general structure produced by 
the interaction and binding o f four separate polypeptides 
(Fig. 4-4). These include two identical light (L) chains (23 
kDa) and two identical heavy (H) chains (55 kDa). The
composition of the H chain determines the antibody isotype, 
function, and distribution in the body. In humans, there are five 
types of H chains— designated mu (M ), delta (D), gamma (G), 
alpha (A), and epsilon (E)— that correspond to the five major 
antibody isotypes (immunoglobulin M  [IgM], IgD, IgG, IgA, 
and IgE). To effectively combat extracellular pathogens, antibod
ies must be specialized to cross epithelia into different bodily 
compartments. In fact, antibodies are made in several distinct 
classes or isotypes (i.e., IgM and IgG) that vary in their composi
tion. Na'ive B cells express only IgM and IgD. Activated B cells 
undergo isotype switching, a process that produces different
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Heavy chains

FIG 4-4 Structure of immunoglobulin. Immunoglobulins are produced 
by B cells to neutralize foreign substances, such as bacteria and 
viruses. They are large, Y-shaped proteins found in the serum and 
plasma. CH, constant domain of the heavy chain; CL, constant domain 
of the light chain; VH, variable domain of the heavy chain; VL, variable 
domain of the light chain.

antibody isotypes specialized for different functions and areas of 
the body.

The first antibody to be produced during an immune 
response is IgM because it is expressed before isotype switch
ing. The serum concentration o flgM  is 50 to 400 mg/dL, with 
a circulation half-life of 5 days. IgM antibodies are low in affin
ity, but the antibodies form pentamers that compensate by 
binding at multiple points to the antigen. IgM is highly effi
cient at activating the complement system, which is critical 
during the earliest stages o f controlling an infection. Other 
isotypes dominate in the later stages of antibody responses.

IgG represents about 75%  o f serum immunoglobulin in 
adults and is further divided into four subclasses: IgGl, 
IgG2, IgG3, and IgG4. Two subtypes o f IgG, IgGl and IgG3, 
are efficiendy transported across the placenta and are impor
tant in conferring humoral immune protection for the fetus 
after birth. The smaller size of IgG and its monomeric structure 
allows it to easily diffuse into extravascular sites. In mice, the 
level of IgG3 and IgM increase in early pregnancy but decline 
as pregnancy advances.35

IgA is the predominant antibody class in epithelial secre
tions from the vagina, intestine, and lung. IgA forms dimers 
and mainly functions as a neutralizing antibody. As a secreted 
antibody, IgA is not in close contact with either phagocytes or 
complement and, therefore, is less efficient in opsonization and 
complement activation. IgA is the principal antibody in breast 
milk, which provides the neonate with humoral immunity 
from the mother (see Chapter 24). Neonates are particularly 
susceptible to infectious pathogens through their intestinal 
mucosa, and IgA is highly effective in neutralizing these bac
teria and toxins. Epidemiologic studies indicate that deaths 
from diarrheal diseases could be reduced between 14- and 
24-fold by breastfeeding, owing in part to the maternal-infant 
transmission of IgA.44 Levels of IgA rise toward the end of preg
nancy in pregnant mice.35

IgE has the lowest concentration in serum of all the antibodies 
but is bound efficiently by mast cell receptors. IgE binding of 
antibody triggers the mast cell to release granules, which results 
in an allergic response. Prenatal maternal exposure to allergens 
may have an effect on IgE in the fetus at birth; concentration 
of house dust mite allergens has been correlated in a dose- 
dependent manner with total IgE measured in neonatal heel 
capillary blood. IgE also plays a prominent role in immune 
responses to eukaryotic parasites.

T CELLS
When pathogens replicate inside cells (all viruses, some bac
teria and parasites), they are inaccessible to antibodies and 
must be destroyed by T cells. T cells are lymphocytes respon
sible for the cell-mediated immune responses o f adaptive 
immunity, which require direct interactions between T lym
phocytes and cells bearing the antigen that the T cells recog
nize. Common to all mature T  cells is the TCR complex. T 
cells develop a vast array of antigen specificity through a series 
of TCR gene rearrangements, and many aspects of TCR rear
rangements are similar to those that produce antibody specific
ity. For example, during viral replication inside a host cell, viral 
antigen is expressed on the surface of the infected cell. T cells, 
along with HLA, then recognize these foreign antigens. HLA 
class I molecules present peptides from proteins in the cytosol, 
which may include degraded host or viral proteins. HLA class
II molecules bind peptides derived from proteins in intracellu
lar vesicles and thus display peptides that originate from patho
gens in macrophage vesicles internalized by phagocytic cells and 
from B cells.

A variety of T  cells are recognized based on their expression 
of different cell surface markers (i.e., CD2, CD3, CD4, 
CD 8). Cytotoxic T cells kill infected cells directly and 
express a variety o f cell surface antigen and specific recep
tors, including CD8. Helper T cells activate B cells and 
express CD4. Cytotoxic and helper T  cells recognize peptides 
bound to proteins of two different classes of HLA molecules 
(see Fig. 4-2, B). APCs will present antigen to CD8+ T  cells 
in the context of M H C class I molecules (e.g., HLA-A). In 
contrast, antigen-presenting cells that present antigens with 
M H C class II molecules (e.g., HLA-DR) interact with T cells 
bearing CD4.

HIV uses multiple strategies to disable T-cell responses, 
mainly by targeting CD4+ T cells. Targeting viral infection to 
CD4+ T  cells allows the virus to control and ultimately destroy 
this important T-cell subset. HIV destroys CD4+ T cells through 
direct viral killing, which lowers the apoptosis threshold of 
infected cells, and through CD8+ T  cells that recognize viral 
peptides on the CD4+ T-cell surface. CD8+ T cells likely contain 
the infection but are unable to eradicate the virus. Viral mutants 
produced during one of the earliest steps of viral infection may 
contribute to the escape of virus-infected cells from CD8+ T-cell 
killing. HIV also has an error-prone reverse transcriptase that 
copies the viral RNA genome into DNA, making “mistakes” that 
lead to production of viral variants. The presentation of peptides 
from HIV variants by CD4+ T cells may also interfere and 
downregulate the CD8+ T-cell response to the original (wild- 
type) virus. Finally, the HIV negative-regulation factor gene 
(nef) downregulates expression of M H C class II and CD4, 
which decreases the presentation of viral antigens on the cell 
surface.
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Helper T-Cell Subsets
CD4+ T cells were originally classified into T-helper 1 (Thl) 
and T-helper 2 (Th2) subsets depending on whether their 
main function involved cell-mediated responses and selective 
production o f IFN-y (Thl) or humoral-mediated responses 
with production o f IL-4 (Th2). The number of subsets identi
fied continues to expand and now includes regulatory T  cells 
(Treg), T h l7, follicular helper T  cells (TFH), TK22, and Th9. 
The most well-characterized subsets are Thl and Th2. The Thl 
subset is important in the control o f intracellular bacterial 
infections such as Mycobacterium tuberculosis and Chla
mydia trachomatis. Intracellular bacteria survive because the 
vesicles they occupy do not fuse with intracellular lysosomes, 
which contain a variety of enzymes and antimicrobial sub
stances. Ih  1 cells activate macrophages to induce fusion of their 
lysosomes with vesicles that contain the bacteria. T hl cells also 
release cytokines and chemokines that attract macrophages to 
the site of infection, like IFN-y, T N F-a, IL-12, and IL-18. Th2 
immune responses are mainly responsible for activating B cells 
by providing a critical “second signal.” Th2 cells produce cyto
kines that include IL-4, -5, -6, -10, and -13 and transforming 
growth factor beta (TGF-P). Although CD4+ T cells can be 
described in a discrete manner using named subsets like Thl or 
Th2, overlap between the functions of these cells is likely.

REGULATORY T CELLS
T r e g  c e l l s  a r e  now recognized as master regulators o f the 
immune system, a feat they accomplish by downregulating 
antigen-specific T-cell responses to diminish tissue damage 
during inflammation and to prevent autoimmunity.t5 The
most well-defined “naturally occurring” Treg cells express CD4 
and CD25 (CD4+, CD25+), but other “suppressor” T  cell popu
lations can be generated in vitro (e.g., T rl, Th3). Although 
CD 4+CD25+ cells were originally thought to also be defined by 
Forkhead box p3 (Foxp3) expression, this population now 
appears to be more complex and sometimes expresses other regu
latory factors. Treg cells are unique among the many mecha
nisms identified to maintain tolerance o f the fetus, because 
fetal antigen-specific Treg cells are maintained in the mater
nal circulation after delivery, which may benefit the next 
pregnancy (see “Maternal Tolerance o f the Fetus”).46 Human 
chorionic gonadotropin (hCG) acts as a chemoattractant for 
T r e g  to the maternal-fetal interface, and in the mouse this 
stimulates Treg frequency and suppressive activity.17 Similarly, 
the number of Breg cells and BREG secretion of IL-10 increased 
when co-cultured with hCG.4f> In this way, hCG may act as an

early critical regulator of fetal tolerance by stimulating the popu
lations and suppressive activity o fT ^ c  and Breg cells.

The function o f Treg cells during pregnancy may be criti
cal for fetal tolerance but could also underlie the unique 
susceptibility o f pregnant women to Listeria monocytogenes 
(see Chapter 54). Pathogen-specific CD8+T cells confer protec
tion against L. monocytogenes. TreG cells act to suppress the 
function of CD8+ T cells, which is necessary for fetal tolerance, 
but secondarily disrupt maternal immunity toward L. monocy
togenes, which is necessary for bacterial eradication."19'50 Infection 
also reduces the suppressive activity of Treg, which may increase 
inflammation at the maternal-fetal interface and may promote 
bacterial invasion into the placenta and the fetus. Although 
trophoblast cells are resistant to L. monocytogenes in vitro, the 
placenta becomes highly infected in vivo, perhaps because of the 
immunosuppressive actions of Treg cells. Once infected, the 
placenta acts as a reservoir o f L. monocytogenes, which con
tinually releases bacteria into the maternal circulation and 
propagates the infection, preventing bacterial clearance until 
the placenta is expulsed.11 In contrast, Plasmodium infection 
increases Treg activation and suppressive activity during 
pregnancy, which may allow for host evasion and further 
parasite replication. The role o f Treg cells in pregnancy may 
explain the unique susceptibility o f pregnant women to 
certain perinatal infections.

FETAL IMMUNE SYSTEM
Descriptions o f the development o f the fetal immune system 
are relatively limited, but sufficient information exists to 
determine that the fetus, even very early in gestation, has 
innate immune capacity.52,53 Acquired immunity, particularly 
the capacity to produce a humoral response, develops more 
slowly and is not completely functional until well after birth. 
M any of the immune protective mechanisms that are present to 
protect the fetus from both pathogens and maternal immune 
recognition occur at the maternal-fetal interface. Fortunately, 
abnormalities of normal immune development are relatively 
rare. However, when they do occur, they can have profound 
effects on newborn and child health. Some of the more common 
immunodeficiencies are listed in Table 4-2.

Fetal thymic development begins with a primordial thymus 
at about 7 weeks’ gestation. The thymus is first colonized with 
cells from the fetal liver at 8.5 to 9.5 weeks’ gestation. These 
cells express primitive (CD34) and early T-cell surface antigen 
(CD7). Between 12 and 13 weeks, cells within the fetal liver 
and spleen express the TCR. By 16 weeks’ gestation, the fetal

TABLE 4-2 COMMON IMMUNE DEFECTS

COMMON NAME DEFECT CELLS AFFECTED COMMENTS

X-SCID 

ADA-SCID 

Jak-3 deficiency

Hyper-IgM syndrome, 
autosomal recessive

Common y  chain of IL-2 receptor

Defect in purine metabolism leading to 
abnormal accumulation of adenosine 

Mutation on chromosome 19 of Janus kinase 3 
activated by cytokine binding to the 
common y  chain of the IL-2 receptor 

Defect in CD40 ligand (T cell) and CD40 (B 
cell) signaling, resulting in the inability of 
immunoglobulin class switching

T cells and NK cells

T  cells, B cells, and 
NK cells 

T  cells and NK cells

Elevated IgM

X-linked recessive and most common form of 
SCID, accounting for about 45%-50% of cases 
Autosomal recessive affecting both male and female 

infants; accounts for about 20% of SCID cases 
Autosomal recessive, affecting both male and female 

infants; accounts for about 10% of SCID cases

X-linked and autosomal recessive

ADA-SCID, adenosine deaminase severe combined immunodeficiency; Ig, immunoglobulin; IL-2, interleukin 2; NK, natural killer; X-SCID, X-linked severe combined 
immunodeficiency.
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thymus has distinct cortical and medullary regions suggestive of 
functional maturity, and this is confirmed by the brisk response 
to allogeneic and mitogen stimulation. Functionally, fetal T  cells 
show proliferative capacity very early in gestation. Stimulation 
by phytohemagglutinin of fetal T  cells in vitro can be demon
strated as early as 10 weeks. Allogeneic responses in mixed 
lymphocyte culture can be detected in cells obtained from fetal 
liver as early 9.5 weeks and are consistently seen at 12 weeks’ 
gestation. The fetal immune system generates T reg cells within 
lymph nodes in response to maternal microchimeric cells, which 
is further evidence that fetal T  cells are functional and must be 
regulated to prevent an immune response.

The ontogeny of fetal B-cell development in many ways paral
lels the development o fT  cells, and early pre-B cells (CD 19 and 
CD20) are identified by cell surface markings in the fetal liver 
by 7 to 8 weeks’ gestation.54 Ultimately, these cells are produced 
in the fetal bone marrow when the marrow becomes the primary 
hematopoietic organ in the second trimester. Surface expression 
of IgM can be noted as early as 9 to 10 weeks. Cells in the fetal 
circulation express the common B-cell antigens (CD20) by 14 
to 16 weeks’ gestation, and secretion of IgM has been noted as 
early as 15 weeks. The level of IgM continues to increase and 
reaches normal postnatal levels by 1 year of age. The appearance 
of surface IgG and IgA is noted in fetal B cells at 13 weeks with 
secretion of IgG at 20 weeks’ gestation. Postnatal levels of immu
noglobulin are not reached until about 5 years of age.

The neonatal immune system has unique challenges at the 
time o f birth when the newborn is no longer protected from 
pathogens by the placenta and maternal immune system. A 
puzzling observation has been that neonatal T  cells could become 
functionally activated in vitro, yet the neonate is profoundly 
susceptible to systemic infection, as evidenced by the high rates 
of infection-related neonatal deaths in low- and middle-income 
countries.55 To investigate the basis for neonatal susceptibility to 
infection, a mouse model of L. monocytogenes was used in which 
neonates have diminished survival and bacterial counts are a 
thousandfold higher than in adults.56 Interestingly, transfer of 
adult immune cells from splenocytes into the neonates resulted 
in diminished cytokine production by the adult cells; when the 
neonatal immune cells were transferred into the adult, the 
neonatal cells demonstrated greater cytokine production. These 
results suggested active suppression of the immune response 
within the neonate, which was identified to reside within a 
population of fetal red blood cells (CD71+), making an enzyme 
called arginase. Destruction of the CD71+ cells allowed the 
neonate to defend itself against Escherichia coli and L. monocy
togenes,, but the fetal intestine was found to be inflamed. CD 71+ 
cells appear to protect the neonate from excessive inflamma
tion that would occur from commensal microbes during bac
terial colonization o f the gut at the expense o f impairing 
neonatal immunity to systemic infections. An understanding 
of the basis for neonatal susceptibility to infection may allow for 
therapeutic strategies.

Cord Blood Transplantation
Fetal blood contains a high number o f hematopoietic stem 
cells as well as naive T cells and NK cells, which makes it an 
ideal source o f cells for hematopoietic cell transplantation.
In 1988, the first hematopoietic cell transplant was carried out 
in a child with Fanconi anemia using a cord blood sample from 
an HLA-identical sibling. Today, more than 30,000 cord blood 
transplantations have been performed, and obstetricians are

often asked to collect umbilical cord blood remaining in the 
placenta after cord clamping. Cord blood is typically collected 
into closed-system bags or syringes that contain anticoagulation 
additives. The average volume per collection is about 75 mL of 
cord blood, which is processed to deplete red blood cells and 
then cryopreserved for later use. Cord blood samples are pro
cessed at either private or public cord blood banks. Specimens 
banked at private cord blood banks will be reserved for the 
donor family, with an estimated need for use between 1 per 1000 
and 1 per 200,000.5 Samples donated to public cord blood 
banks are processed, HLA typed, and entered into the National 
Marrow Donor Program, where they are made available to any 
individual who requires bone marrow transplantation. The 
major advantage of public banks is that samples are available to 
ethnic groups, which traditionally have difficulty finding a suit
able HLA-matched donor (e.g., Native Americans, Asian/Pacific 
Islanders, and African Americans). The American Congress of 
Obstetricians and Gynecologists (ACOG) recommends that 
i f  a patient requests information regarding collection and 
banking o f umbilical cord blood, balanced and accurate 
information regarding the advantages and disadvantages of 
public versus private banking should be provided. Private 
umbilical cord blood banking is cost effective only for chil
dren with a very high likelihood o f needing a stem cell 
transplant.

Cord blood specimens were initially used only in children 
because of the reduced number of CD34+ cells that were present 
in the donor specimen. As use increased, even in the setting of 
less than ideal HLA matching, engraftment success was accom
panied by a reduction in the frequency of severe (grades 3 and 
4) graft-versus-host disease (GVHD). Because of the success 
noted in children, cord blood specimens are now commonly 
used in adults. Double-unit cord blood transplantation is 
standard practice at many centers and appears to be associ
ated with a lower risk o f disease relapse.58 After engraftment, 
usually only one donor source predominates, and the recipient 
does not develop multisource mixed chimerism. At the present 
time, the need for autologous cord blood cells is limited. In 
2010, more than 450,000 cord blood units were banked world
wide with donor registries present in nearly all regions of the 
world (47 registries in Europe, 9 in North America, 2 in Africa,
11 in Asia, and 2 in Australia). Umbilical cord blood units are 
shared internationally, and approximately 40% are matched to 
a donor across an international border. The obstetrician- 
gynecologist can play an important role in improving the 
availability o f cord blood units internationally by encourag
ing pregnant women to donate to a public cord blood bank.

MATERNAL TOLERANCE OF THE FETUS
Pregnancy is a unique immunologic phenomenon in which 
the normal immune rejection o f foreign tissues does not 
occur. The maternal immune system clearly recognizes fetal cells 
as foreign,59 and about 30% of primiparous and multiparous 
women develop antibodies against the inherited paternal HLA 
of the fetus.60 The continued presence of these antibodies does 
not appear to be harmful to the fetus. Persistent fetal cells in the 
mother may play a role in maintaining the levels of these anti
bodies because in some women, the antibodies persist, whereas 
in others they disappear. Formation of IgG antibodies against 
inherited paternal HLA antigens is associated with the presence 
of primed cytotoxic T lymphocytes specific for these HLA
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antigens. Maternal T lymphocytes specific for fetal antigens exist 
during pregnancy but appear to be hyporesponsive.9,61 The 
normal growth and development of the fetus despite maternal 
immune recognition requires several maternal and fetal adapta
tions that in most women allow pregnancy to be carried unevent
fully to term.

Achieving fetal tolerance requires changes to maternal 
immunity in multiple locations and by many different cell 
types because maternal and fetal cells are in direct contact 
with each other (Fig. 4-5). The syncytiotrophoblast, the outer
most layer of chorionic villi, is in direct contact with maternal 
blood in the intervillous space. Extravillous trophoblast in the 
decidua is in contact with many different maternal cells, includ
ing macrophages, dNK cells, and T  cells. Endovascular tropho
blast replaces endothelial cells in the maternal spiral arteries and 
is in direct contact with maternal blood. Fetal and maternal 
macrophages are also in close contact in the chorion layer of 
the fetal membranes. A final and critical interface is within 
the secondary lymphoid organs (lymph nodes and spleen), 
where shed fetal trophoblast debris from the placenta comes 
into contact with maternal immune cells.62 A series of studies 
using a murine model with a unique fetal antigen demonstrated 
that secondary lymphoid organs are the primary site of fetal 
and placental alloantigen presentation by maternal, not fetal, 
APCs.58,63,64 Maternal recognition of fetal alloantigens likely 
begins before pregnancy in the lymph nodes that drain the 
uterus after intercourse with genital tract exposure to seminal 
fluid.64 In summary, the complex nature o f the cells and the 
many locations o f the maternal-fetal interface necessitate a 
number o f different immune mechanisms to prevent fetal 
rejection. We describe many of the well-known mechanisms of 
fetal tolerance with a focus on Treg cells because of recent excit
ing studies that implicate their critical role.

Tolerance Through Regulation 
of Maternal T Cells
Maternal T cells acquire a state o f tolerance for fetal alloan
tigens during pregnancy. This has been elegantly demonstrated 
in female mice sensitized to known paternal antigens before 
pregnancy.9,61 During pregnancy, the female mice became toler
ant to the same paternal antigens expressed by the fetus that 
were previously recognized and destroyed. Several mechanisms 
exist to suppress maternal T-cell responses. Activated maternal 
T  cells may be deleted, killed, or become anergic in several ways. 
Suppression of T-cell activation by maternal Treg cells is a focus 
of this section, but other mechanisms to regulate T-cell activa
tion also occur, including chemokine gene silencing in decidual 
stromal cells, upregulation of a T-cell immunoinhibitory recep
tor (programmed death 1 [PD-1]), enzymatic depletion of tryp
tophan (indoleamine 2,3-dioxygenase [IDO]), and the presence 
of Fas ligand (FasL) and B7-family molecules (B7-DC, B7-H2, 
B7-H3) on placental trophoblast.63,65'6 The importance of sup
pressing maternal T  cells to prevent fetal rejection is evident by 
the multiple mechanisms used both in the periphery and at the 
maternal-fetal interface.

T r e g  cells suppress antigen-specific immune responses and 
are elevated in the maternal circulation o f women and mice 
during pregnancy.6*1 Outside of pregnancy, T REG cells (CD4+, 
CD25+) act m ainly to prevent autoimmune responses from 
occurring when self-reactive T  cells escape from the thymus 
during normal T-cell development. In mice, depletion of CD25+ 
Treg cells resulted in fetal resorptions from allogeneic matings.69,70

In a mouse model of spontaneous abortion, transfer of T reg cells 
from mice with a normal pregnancy could also prevent abortion 
in the mice that were otherwise destined to abort. In women 
with recurrent spontaneous abortion and preeclampsia, decreased 
numbers of CD4+CD25+ T reg cells are present, which suggests 
a connection between these conditions and T reg activity. The 
mechanism of T REG suppression of T-cell responses is unknown 
but may involve either direct cell contact or production of anti
inflammatory cytokines such as IL-10 and TGF-P.

Pregnancy selectively drives expansion o f maternal Treg 
cells (> 100-fold), which are maintained after delivery and are 
rapidly expanded in a subsequent pregnancy.46 This preexist
ing pool o f fetal-specific maternal Treg cells is poised to 
impart tolerance and benefit the next pregnancy.

T reg cells may be generated through several mechanisms. 
Before conception, T reg cells may be induced after exposure to 
seminal fluid. 1 During pregnancy, induction of peripheral T reg 
cells may occur through immature DC exposure to fetal antigens 
shed into the maternal circulation from the placenta (see “Ame
lioration of Rheumatoid Arthritis in Pregnancy”).8, 2 Estrogen 
has also been shown to increase proliferation of T reg cells, and 
the higher levels of estrogen in pregnancy may drive expansion 
of this cell population during pregnancy.

A specific gene called co n s e r v ed  n on cod in g  seq u en ce 1 
(CNS1) confers the ability to generate Treg cells in the 
periphery and has been identified as a critical evolutionary 
step in allowing for pregnancy to occur in mammals with a 
placenta. 1 Treg cells can be made in two locations, which are 
now thought to also inform their function: production in the 
thymus (thymic TreG; tT ^ c) mediates tolerance to self-antigens, 
and induction in the periphery (peripheral Treg; pTreg) occurs 
in response to commensal bacteria, food, or pregnancy.74 In a 
mouse model, pTreg cells specific for a fetal alloantigen were 
found to accumulate in the placenta.73 Deletion of the CNS1 
gene in female mice resulted in abortion (fetal resorption) with 
immune cell infiltration of the placenta and defective remodel
ing of the uterine spiral arteries. Interestingly, in syngeneic 
matings (breeding pairs with the same genetic background), 
deletion of the CNS1 gene was not associated with fetal abor
tion. This suggests that pTreG cells are critical in achieving fetal 
tolerance with maternal-fetal HLA disparity. CNS1 is highly 
conserved in eutherian (placental) mammals (i.e., humans, dol
phins, elephants) but is absent from noneutherian mammals 
(platypus, wallaby) and nonmammals (zebrafish) that lack a 
placenta. This evidence suggests that CNS1 is a critical 
gene that allows for the evolution o f a placenta in eutherian 
mammals.

Tolerance Through Regulation 
of Maternal B Cells
Several mechanisms act to protect the fetus from an antibody- 
mediated attack. First, immature B cells are partially deleted in 
the spleen and bone marrow during the second half of pregnancy 
in mice.38 Secondly, the combination of reduced immature B 
cells and depletion of the IDO enzyme acts to prevent differen
tiation of B cells in a mouse model.71 IDO is also depleted at 
the maternal-fetal interface, which may have a dual role in sup
pressing both B- and T-cell responses (see “Maternal Tolerance 
of the Fetus”). Levels of B-cell activating factor of the tumor 
necrosis factor family (BAFF) are reduced during pregnancy; 
BAFF acts to costimulate B cells and to promote proliferation.31 
Finally, a special class of B cells is up regulated during pregnancy;
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FIG 4-5 Mechanisms that promote maternal-fetal tolerance. Many different mechanisms and cell types have been identified that prevent rejec
tion or dangerous immune responses during pregnancy. We have illustrated some of these mechanisms that operate within the maternal-fetal 
interface, maternal B- and T-cell populations, secondary lymphoid organs, and the fetus. The term maternal-fetal interface may refer to several 
locations where maternal and fetal cells come into direct contact, including the decidua and the intervillous space.
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these are called regulatory B cells (B ^c or BIO), and they act to 
downregulate immune responses, mainly through the produc
tion of antiinflammatory cytokines (e.g., TGF-[3, IL-10).76'79 An 
important cofactor for BRK, cells is hCG, and the rise o f hCG 
in early pregnancy is likely to stimulate proliferation o f Breg 
cells to support early tolerance o f the fetus. s

Tolerance Through Dendritic Cells and 
Antigen Presentation
Dendritic cells (DCs) present antigen to naive T cells and in iti
ate T-cell expansion and polarization to foreign antigens, which 
could represent a problem for fetal tolerance. Fortunately, DCs 
are relatively rare in the decidua, which would effectively lim it 
the ability to initiate a T-cell response to fetal antigens encoun
tered at this maternal-fetal interface.80 Despite the scarcity of 
DCs at the maternal-fetal interface, fetal antigens are detected 
in mice throughout all secondary lymphoid organs (spleen, 
lymph nodes). Antigens from the fetus are presented exclusively 
by maternal APCs; this is quite different than the case of a 
transplanted organ, in which either donor or host APCs are 
capable of presenting antigens and initiating T-cell responses.58 
Fetal antigens come m ainly from apoptotic trophoblast debris 
that results from normal placental growth. An interesting mech
anism to promote fetal tolerance occurs through the uptake of 
fetal antigens by follicular DCs that results in a prolonged period 
(weeks to months) of fetal antigen presentation.81 Several waves 
of bone marrow-derived DCs sample the fetal antigens presented 
by follicular DCs and subsequently represent these antigens to 
maternal CD 8+ T cells, which induces deletion of CD8+ T  cells. 
In this case, tolerance and T-cell deletion is likely induced for 
two reasons. First, fetal antigens are mainly derived from apop
totic cells, which induce tolerogenic responses after uptake by 
DCs.82 Secondly, the continuous nature of fetal antigen presen
tation mediated by follicular DCs is a powerful signal to induce 
T-cell tolerance.83 Although follicular DCs were thought to only 
play a role in the regulation of B-cell immunity, evidence now 
suggests that the long-term nature of antigen presentation by 
these cells is a significant factor in shaping peripheral T-cell toler
ance to fetal antigens.

Tolerance Through Human 
Leukocyte Antigens
Fetal trophoblast cells are in direct contact with maternal blood 
and should be at risk for maternal immunologic rejection. The 
expression o f MHC molecules by fetal trophoblast cells 
is limited to class I antigens— primarily class lb HLA-G, 
HLA-E, and HLA-F— all o f which have limited polymor
phisms. The exception to this rule of limited genetic variability 
is the expression of HLA-C, a class la molecule that is highly 
polymorphic, expressed primarily by extravillous trophoblast, 
and is thought to interact with dNK cells to facilitate uterine 
spiral artery remodeling.84 Expression o f HLA-G by fetal tro
phoblast cells is thought to protect the invasive cytotropho
blast from killing by dNK cells and is also thought to contain 
placental infection. HLA-G also inhibits macrophage activa
tion through ILT-4, an inhibitory receptor. Through interactions 
with dNK cells, HLA-G likely contributes to normal pregnancy 
by maintenance of immune tolerance at the maternal-fetal 
interface. However, other mechanisms must also contribute to 
this process because normal pregnancies in women and fetuses 
that lack a functional HLA-G gene (HLA-G null) have been 
described.81

Tolerance Through Regulation of 
Complement, Chemokines, and Cytokines
Local inhibition o f complement in the placenta may be 
important in preventing fetal rejection or preterm labor, 
particularly in the setting o f inflammation or infection. In a
murine model of abortion induced by antiphospholipid anti
bodies, protection against abortion was conferred by antagoniz
ing factor B, an alternative complement component. Defects of 
placental formation were also observed in a murine model asso
ciated with activation of the alternative complement pathway 
and maternal C3. Finally, several negative regulators of comple
ment are expressed by trophoblast cells, including CD59 (MAC 
antagonist), membrane cofactor protein, and decay accelerating 
factor (inhibitors of C3 and C5 convertases).27 When a negative 
regulator of murine complement (Crry) was genetically ablated, 
embryo survival was compromised and placental inflammation 
was observed.86 C3 activation plays a major role in fetal rejection 
in this model because the embryos survived when genetically 
deficient Crry mice were mated to C3-deficient mice. Several 
studies suggest that inhibition o f complement activation may 
contribute significantly to fetal tolerance, particularly in the 
setting o f inflammation.

Expression of chemokines and some cytokines at the maternal- 
fetal interface could be dangerous for the fetus because these 
small proteins may be inflammatory and may attract immune 
cells. Regulation o f chemokine expression (CXCL9, CXCL10, 
CXCL11, CCL5) by decidual stromal cells in mice was found 
to prevent the accumulation o f T cells in the decidua after 
an inflammatory challenge.6' Chemokine expression was effec
tively silenced by epigenetic changes that involve histone repres
sor marks on chemokine gene promoters that appeared after 
transformation of endometrial stromal cells into decidual stromal 
cells. T  cells are known to be relatively rare in decidua, which 
may be the result of a lack of chemokine production by decidual 
stromal cells.

W hether a change in the T-helper cytokine profile plays a role 
in fetal tolerance remains controversial.87 It was originally 
thought that a Lh2-type immune response might predominate 
during pregnancy, a theory based on the adverse effects of Th 1 
cytokines on murine pregnancy and weakened immunity during 
pregnancy to intracellular infections that require Thl cytokine 
activity.88'90 IL-10 is a Th2 cytokine that is elevated during 
pregnancy, and it is known to downregulate Thl cytokine pro
duction to prevent fetal resorption in mice genetically predis
posed to abortion. In a study of women with a history of 
recurrent spontaneous abortion, maternal cytokine profiles of 
stimulated peripheral blood mononuclear cells were compared 
between women who had a successful pregnancy and those who 
had a spontaneous abortion. Increased Th2 cytokines were asso
ciated with a successful pregnancy, and elevated Thl cytokines 
were associated with a spontaneous abortion. Although several 
studies have reported a Th2-type profile in the blood of healthy 
pregnant women, not all studies supported the Th2 bias.91,92 
Most studies have noted suppression o f Thl and activation 
of Th2 cytokine profiles in the blood o f women with a normal 
pregnancy, and this effect may be more pronounced at 
the maternal-fetal interface. Interestingly, the Thl cytokine 
profile is activated in preterm labor.

Fetal Rejection
The idea that loss of maternal-fetal tolerance may contribute to 
unexplained preterm fetal death or spontaneous preterm birth
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is emerging. Unexplained preterm fetal death has been linked 
to a loss o f fetal tolerance and chronic chorioamnionitis, 
which describes an influx o f T cells into the fetal mem
branes.93 Chronic chorioamnionitis is an unusual pathologic 
diagnosis in the placenta, and it differs significantly from acute 
chorioamnionitis, which refers to neutrophilic infiltration into 
the membranes that often occurs in the setting of placental 
infection. In chronic chorioamnionitis, a large number of 
CD3+ and CD8+ T cells are found in the fetal membranes 
in addition to some CD4+ T cells. In a case series of 30 women 
with an unexplained preterm fetal death, chronic chorioamnio
nitis was diagnosed significantly more often in fetal death cases 
than in preterm birth controls (60% vs. 38%). In addition, 
maternal anti-HLA class II seropositivity was significantly higher 
in women with a fetal death than in women after live birth (36% 
vs. 11%). A similar pattern of immunologic changes associated 
with a maternal antifetal response was identified in women with 
spontaneous preterm birth, which included a significantly higher 
frequency of chronic chorioamnionitis, maternal anti-HLA class
I seropositivity, and complement (C4d) deposition along the 
umbilical vein endothelium. These observations suggest that a 
maternal antifetal immune response similar to allograft rejection 
is common in cases of unexplained fetal death and spontaneous 
preterm birth. The conclusion that maternal tolerance o f the 
fetus can be impaired is also supported by recent observa
tions and hypotheses surrounding perinatal infections (e.g., 
L. monocytogenes) through an infection-associated reduction 
in Treg leading to maternal T-cell infiltration o f the pla
centa.50 Once maternal-fetal tolerance is sufficiently impaired 
to allow maternal T cells into the placenta, inflammation can 
then facilitate pathogenic invasion o f the fetus and fetal 
death.

SOLID ORGAN TRANSPLANTATION 
IN PREGNANCY
Women with a solid organ transplant present many interesting 
questions as to how tolerance is maintained for the fetus and the 
transplanted organ during pregnancy.94 Although it was classi
cally thought that the placenta served as an impenetrable barrier 
between mother and fetus, we now know that bidirectional cell 
trafficking occurs routinely between the mother and the fetus.3 
Thus in nearly every pregnancy, cells that originate from the 
fetus can be found in the mother, and conversely, cells that 
originate from the mother can be found in the fetus. The long
term persistence of fetal cells in the mother and maternal cells 
in her progeny leads to the coexistence of at least two cell popu
lations in a single person and is referred to as microchimerism 
(Me). A  pregnant woman with a solid organ transplant has 
at least three, and possibly more, sources o f Me that include 
fetal Me, maternal Me from her own mother’s cells that 
entered when she was a fetus, and cells from the donor 
allograft. APCs in the pregnant woman, the donor organ, and 
the microchimeric cell populations can all present antigens from 
each other, which results in at least 16 combinations of antigens 
and APCs.94

Maintaining tolerance to all o f these cell populations is a 
formidable task, and in a few instances, it has been docu
mented to fail, which results in transplant rejection during 
pregnancy or postpartum. In two women with a history of 
cardiac transplant, HLA class II antibodies to fetal antigens 
developed during pregnancy and then cross-reacted with the

transplanted organ, culminating in graft rejection. In the first 
case, cardiac rejection occurred 3 months postpartum in a 
woman who had otherwise been on a stable immunosuppressant 
regimen for 17 years.95 HLA typing on the baby and the baby’s 
father determined that paternal antigens presented by the fetus 
were likely to have triggered rejection. A second case of cardiac 
rejection linked to pregnancy occurred after an 8-week miscar
riage in a woman 6 years after her transplantation.9'’ A deeper 
understanding of the mechanisms of fetal tolerance and allograft 
rejection during and after pregnancy will lead to further advances 
in identifying pregnant women at unique risk for rejection 
during pregnancy.

Remarkably, uterine transplantation has now been per
formed in at least 11 women, and one live birth has been 
reported following transplantation.97 In women with a history 
of uterine transplantation, menstruation has been reported to 
resume in the recipient as early as 43 days after transplant. Rejec
tion episodes have been reported and were reversed successfully 
by corticosteroids. The woman who achieved a live birth under
went single embryo transfer 1 year after transplantation and was 
maintained on tacrolimus, azathioprine, and corticosteroids 
throughout pregnancy; corticosteroids were also used to reverse 
one episode of mild rejection that was diagnosed during the 
pregnancy. Blood flow through the uterine vessels and fetal 
growth were both normal throughout the pregnancy; however, 
preeclampsia developed at 31 weeks’ gestation, and a cesarean 
delivery was performed because of an abnormal fetal heart rate 
tracing. The infant was born with an appropriate birthweight 
(1775 g) and excellent Apgar scores (9, 9, 10). Although uterine 
transplantation was once thought impossible, it has now been 
shown to withstand the challenge of pregnancy.

AMELIORATION OF RHEUMATOID 
ARTHRITIS IN PREGNANCY
Pregnancy has a remarkable effect on the disease course 
of some autoimmune inflammatory diseases, such as rheu
matoid arthritis (RA) and multiple sclerosis, that results in 
a temporary amelioration or remission o f symptoms (see 
Chapter 46) ,98 RA is characterized by a symmetric inflammatory 
arthritis that causes pain, stiffness, and swelling of multiple 
joints. Nearly three quarters o f pregnant women with RA 
experience improvement in symptoms during the second 
and third trimesters with a return o f symptoms postpartum. 
Early hypotheses to explain this phenomenon focused on the 
role of sex hormones; cortisol and placental gamma globulin 
were rejected as potential therapies after studies that tested each 
could not mimic the effect of pregnancy on RA. Interestingly, 
the odds that pregnancy will result in amelioration of symptoms 
are not related to disease severity, duration, maternal age, or 
rheumatoid factor positivity.8 Instead, amelioration of RA symp
toms was observed significantly more often in women carrying 
a fetus with different paternally inherited HLA class II antigens 
from those of the mother.99 This is strong evidence that 
fetal genetics and the maternal immune response to paternal 
(fetal) HLA antigens play a role in the pregnancy-induced 
remission of RA.

We have previously hypothesized that amelioration o f RA 
occurs as a secondary benefit from the maternal T- and B-cell 
tolerance that develops to release o f fetal antigens during 
pregnancy, which is coupled to normal placental growth.1 " 
As the placenta grows, apoptotic syncytiotrophoblast cells (the
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outer epithelial lining of the chorionic villi) are shed into the 
maternal blood. This process starts in the first trimester and by 
the third trimester results in gram quantities of fetal debris enter
ing the maternal circulation daily. Fetal antigens are present in 
this apoptodc debris, including fetal minor histocompatibility 
antigens.72 Phagocytosis of this debris by maternal immature 
DCs would result in presentation of fetal antigens to maternal 
T cells. As the antigens came from apoptotic cells, the immature 
DCs would change to a “tolerogenic” phenotype specialized to 
promote induction of Treg, T-cell deletion, and anergy toward 
the presented fetal antigen. Amelioration o f RA could occur 
through the simultaneous presentation o f fetal and self HLA 
(RA-associated) peptides by tolerogenic DCs and downregu- 
lation o f maternal T-cell immunoreactivity.

Supportive evidence for this theory comes from studies of 
both murine and human pregnancy. Murine studies demon
strate maternal T-cell deletion, anergy, and induction of Treg to 
fetal antigens.9'46,61 Maternal-fetal HLA disparity is the stron
gest predictor o f RA amelioration/remission in human preg
nancy.91 Induction and suppressive activity of T R[G cells is 
impaired in syngeneic versus allogeneic murine pregnancy, 
which suggests that maternal-fetal HLA disparity is important 
in the degree of maternal T-cell tolerance achieved. Finally, a 
significant correlation has been found between levels of human 
fetal DNA (representing the quantity of placental debris in
maternal circulation) and changes in RA activity during

9,99pregnancy.

SUMMARY

Adaptations of the maternal immune system to tolerate the 
fetus during pregnancy are remarkable. No other condition 
in medicine allows foreign tissue to be so readily accepted 
and tolerated. We have gained tremendous insight into 
how maternal immunity adapts to the challenge of protect
ing the fetus from immunologic attack, but further research 
is necessary to understand how these mechanisms operate 
during normal and abnormal pregnancy. Preeclampsia and 
preterm labor are obstetric conditions with known abnor
malities of the maternal immune system. The potential to 
make breakthroughs in these areas through the study of 
immunology in pregnancy is enormous.

KEY POINTS

♦ The innate immune system uses fast, nonspecific 
methods of pathogen detection to prevent and control 
an initial infection and includes macrophages, NK cells, 
the complement system, and cytokines. Macrophages 
have critical scavenger functions that likely help to 
prevent bacteria from establishing an intrauterine infec
tion during pregnancy. Decidual NK (dNK) cells are 
thought to play a major role in remodeling of the spiral 
arteries to establish normal placentation.

♦ Proinflammatory cytokines such as IL-1 p, T N F-a, and 
IL-6 have been identified in the amniotic fluid, mater
nal and fetal blood, and vaginal fluid of women with 
intraamniotic infection at much higher levels than those

observed during normal pregnancy. These cytokines 
not only serve as a marker of intraamniotic infection, 
they trigger preterm labor and can lead to neonatal 
complications.

♦ Adaptive immunity results in the clonal expansion of 
lymphocytes (T cells and B cells) and an increase in 
antibodies against a specific antigen. Although slower to 
respond, adaptive immunity targets specific compo
nents of a pathogen and is capable of eradicating an 
infection that has overwhelmed the innate immune 
system.

♦ The function of B cells is to protect the extracellular 
spaces in the body (e.g., plasma, vagina) through which 
infectious pathogens usually spread by secreting anti
bodies (immunoglobulins). Antibodies control infec
tion by several mechanisms, including neutralization, 
opsonization, and complement activation. Autoanti
bodies produced by B cells against angiotensin receptor
I (ATl-AA) are thought to play a role in inducing 
hypertension and proteinuria in women with pre
eclampsia and intrauterine fetal growth restriction.

♦ When pathogens replicate inside cells (all viruses, some 
bacteria and parasites), they are inaccessible to antibod
ies and must be destroyed b yT  cells. A variety o fT  cells 
are recognized based on their expression of different cell 
surface markers that include those of CD8+ (effector 
or cytotoxic T  cells), CD4+ (helper T  cells), and 
CD4+CD25+ (Treg cells). CD8+ T  cells kill cells 
directly, whereas helper T cells activate B cells to produce 
antibodies. T reg cells are now recognized as master 
regulators of the immune system that work by down- 
regulating antigen-specific T-cell responses to diminish 
tissue damage during inflammation and to prevent 
autoimmunity.

♦ The fetal immune system, even very early in gestation, 
has innate immune capacity. Acquired immunity, par
ticularly the capacity to produce antibodies, develops 
more slowly and is not completely functional until well 
after birth. CD71+ cells appear to protect the neonate 
from excessive inflammation that would occur from 
commensal microbes during bacterial colonization of 
the gut at the expense of impairing neonatal immunity 
to systemic infections.

♦ Fetal blood contains a high number of hematopoietic 
stem cells, making it an ideal source of cells for hema
topoietic stem cell transplantation. The estimated need 
for the use of privately banked cord blood is between 1 
in 1000 and 1 in 200,000, which is cost effective only 
for children with a very high likelihood of needing a 
transplant.

♦ M aintaining tolerance to the fetus requires several 
immunologic mechanisms, both at the maternal-fetal 
interface and in the maternal periphery. A critical inter
face is within the secondary lymphoid organs (lymph 
nodes and spleen), where fetal antigens are presented 
to maternal immune cells. Some of these mechanisms 
include generation of paternal-specific T reg and Breg 
cells in the maternal periphery, T-cell deletion, trypto
phan depletion, presence of FasL or TNF-related 
apoptosis-inducing ligand/Apo-2L (TRAIL) on tropho-
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blast cells, HLA-G expression by the placenta, and inhi
bition of complement activation by the placenta.

♦ Among the many mechanisms identified to maintain 
tolerance of the fetus, T reg cells are unique because fetal 
antigen-specific T reg cells are maintained after delivery, 
which may benefit the next pregnancy. T reg cells sup
press antigen-specific immune responses and are ele
vated in the maternal circulation of women and mice 
during pregnancy. Pregnancy selectively drives expan
sion of maternal T REG cells (> 100-fold), which are 
maintained after delivery and are rapidly expanded 
in subsequent pregnancies. In addition, hCG acts as a 
chemoattractant for T reg to the maternal-fetal interface 
and, in the mouse, stimulates T REg cell numbers and 
their suppressive activity.

♦ Unexplained preterm fetal death has been linked to a 
loss of fetal tolerance and chronic chorioamnionitis, 
which refers to an influx of T  cells into the fetal mem
branes. A related observation in mice connects maternal 
T-cell infiltration of the placenta with a loss of maternal 
T reg cells and perinatal death during infection with L. 
monocytogenes.

♦ A pregnant woman with a solid organ transplant has at 
least three and possibly more sources of small foreign 
cell populations (Me) to which she must maintain toler
ance: fetal Me, maternal Me (her own mother’s cells that 
entered when she was a fetus), and cells from the donor 
allograft. In a few cases, transplant rejection has been 
linked to antifetal antibodies that developed during 
pregnancy.

♦ Remarkably, uterine transplantation has now been per
formed in at least 11 women with one live birth reported 
following transplantation.

♦ Pregnancy has a remarkable effect on the disease course 
of some autoimmune or inflammatory diseases, such as 
RA and multiple sclerosis, that results in a temporary 
amelioration or remission of symptoms. Amelioration 
of RA during pregnancy may occur as a secondary 
benefit from the maternal T- and B-cell tolerance that 
develops to fetal antigens during pregnancy.
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11-(J-hydroxysteroid dehydrogenase 11P-HSD1 Lipopolysaccharide LPS
type 1 M agnetic resonance im aging MRI

1 T[3-hydroxysteroid dehydrogenase 11P-HSD2 N onalcoholic fa tty  liver disease NAFLD
type 2 Noncoding ribonucle ic acids ncRNA

A tten tion -de fic it/hyperactiv ity  d isorder ADHD N-m ethyl-D-aspartate NMDA
Average fo r gestational age AGA N europeptide Y NPY
Body mass index BMI Otoacoustic em issions OAE
Bisphenol A BPA Paired box 2 gene PAX2
C orticotroph in-re leasing horm one CRH Polychlorinated biphenyl PCB
C-reactive protein CRP Polycystic ovary syndrom e PCOS
D iethylstilbestro l DES Pancreatic duodenal hom eobox 1 PDX1
Endocrine-d isrupter chemical EDC gene
Food and Drug A dm in is tra tion FDA Peroxisome pro life ra to r-activa ted PGC-1a
Glial ce ll-derived  neuro trop ic  factor GDNF receptor gam m a coactivator
G lom eru lar filtra tio n  rate GFR Peroxisome pro life ra to r-activa ted PPAR
Histone deacetylase HD AC receptor
Hypoxia inducib le  factor HIF Small fo r gestational age SGA
H ypothalam ic p itu ita ry  adrenal HPA NAD-dependent deacetylase sirtu in  1 SIRT1
lnterleukin-6 IL-6 Type 2 helper T cells TH2
Intelligence quo tien t IQ Tum or necrosis factor alpha TNF-a
Low b irthw e igh t LBW Vascular endothelia l g row th  factor VEGF
Large fo r gestational age LGA

Perinatal care has progressed remarkably from its original focus 
on maternal mortality, which approximated 1% per pregnancy 
in the early 1900s. Following the tremendous strides in reducing 
maternal morbidity and mortality, obstetric care has made great 
advances in regard to optimization of fetal and neonatal health, 
including the diagnosis, prevention, and treatment of congenital 
malformations; the reduction in infectious diseases; and improve
ments in sequelae of prematurity. It is now commonplace to 
deliver infants who would not have survived childbirth or the 
neonatal period in previous eras. For example, low birthweight 
(LBW) premature infants routinely survive beyond a weight of 
400 to 500 g. Conversely, large for gestational age (LGA) infants

are often delivered by cesarean section, avoiding the potential 
trauma of labor. As we now examine the long-term consequences 
associated with this improved survival, as well as the effects of 
treatment aimed at improving outcomes (e.g., maternal gluco
corticoids), we have begun to recognize long-term health effects 
of perinatal influences in adults. An understanding o f the 
developmental origins o f adult health and disease provides 
an appreciation o f the critical role o f perinatal care and may 
ultimately guide our treatment paradigms.

The concept of developmental origins of adult disease should 
not be surprising to obstetricians. Teratogenesis represents 
perhaps the most acute consequence of developmental effects.
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In the late 1950s, thalidomide was marketed as both a sedative 
and a morning sickness prescription for pregnant women. 
Although the drug was not actively marketed in the United 
States for lack ofFood and Drug Administration (FDA) approval, 
more than 2.5 million tablets were distributed to private physi
cians in the United States. Thalidomide was widely used in 
Europe and was included in some 50 over-the-counter prod
ucts for a diversity of indications. Thalidomide-induced limb 
malformations are now well recognized. Notably, similar to 
mechanisms of developmental programming discussed below, 
thalidomide may induce its teratogenic effects through epigen
etic mechanisms. As described by Stephens and colleagues,1 
thalidomide likely binds to promotor sites of insulin-like growth 
factor and fibroblast growth factor as well as downstream signal
ing genes that regulate angiogenesis. The resulting inhibition of 
angiogenesis truncates limbs during development. As will be 
discussed below, a variety o f mechanisms may “program” the 
phenotype o f the offspring via aberrations in cellular signal
ing or epigenetic function.

Whereas the short-term consequences of thalidomide were 
rapidly recognized, longer-term programming effects of diethyl- 
stilbestrol (DES) were slow to be identified. Prior to FDA 
approval in 1947, DES was used off label to prevent adverse 
pregnancy outcomes in women with a history of miscarriage. 
Despite a double-blind trial in the early 1950s that demon
strated no benefit of taking DES during pregnancy,2 DES 
continued to be given to pregnant women throughout the 
1960s. It was not until 1971 that the FDA advised against the 
use of DES in pregnant women in response to a report that 
demonstrated the link between DES and vaginal clear cell ade
nocarcinoma in girls and young women. Similar to thalidomide, 
it is now recognized that the oncogenic and teratogenic effects 
of in utero DES exposure may be mediated via epigenetic

mechanisms. As reported by Bromer and colleagues,3 in utero 
DES exposure results in hypermethylation of the HOXAIO 
gene, which regulates uterine organogenesis. Thus both the 
short-term anatomic defects associated with thalidomide and the 
delayed oncogenic effects associated with DES are examples of 
developmental origins of adult disease mediated via epigenetic 
effects.

This chapter will review the consequences and mechanisms of 
these prenatal and neonatal influences on developmental pro
gramming. We will primarily focus on the associations demon
strated in human studies, utilizing evidence from case reports, 
epidemiologic studies, and meta-analyses. We selectively discuss 
evidence from animal models that confirm the phenotype or 
suggest pathogenic pathways and potential mechanisms.

EPIGENETICS AND PROGRAMMING
Epigenetics is a genetic process that switches genes on and off 
in response to external or environmental factors. The essential 
concept of “gestational programming” signifies that the 
nutritional, hormonal, and metabolic environment provided 
by the mother permanently alters organ structure, cellular 
responses, and gene expression that ultimately impact the 
metabolism and physiology o f her offspring (Fig. 5-1). 
Further, these effects vary and are dependent upon the develop
mental period, and as such, rapidly growing fetuses and neonates 
are more vulnerable. The programming events may have imme
diate effects— for example, impairment of organ growth at a 
critical stage—whereas other programming effects are deferred 
until expressed by altered organ function at a later age. In this 
instance, the question is about how the memory of early events 
is stored and later expressed despite continuous cellular replica
tion and replacement. This may be mediated through epigenetic
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FIG 5-2 DNA methylation. A , Methylation by DNA methyltransferases at CpG islands. B, DNA demethylation relaxes chromatin structure, which 
allows histone acetylation and the binding of transcriptional complexes.

control of gene expression, which involves modification of the 
genome without altering the DNA sequence.

Epigenetic phenomena are fundamental features o f mam
malian development that cause heritable and persistent 
changes in gene expression without altering DNA sequence. 
Epigenetic regulation includes changes in the DNA methylation 
pattern and modifications of chromatin packaging via posttrans- 
lational histone changes.

DNA methylation represents a primary epigenetic mecha
nism. The DNA of the early embryo is hypomethylated, and with 
progressive increases in DNA methylation in response to environ
mental signals, organogenesis and tissue differentiation occur. 
DNA methylation typically occurs on cytosine bases that are fol
lowed by a guanine, termed CpG dinucleotides. The methylation 
by a DNA methyltransferase leads to recruitment of methyl-CpG 
binding proteins, which induce transcriptional silencing both by 
blocking transcription factor binding and by recruiting transcrip
tional corepressors or histone-modifying complexes. Anomalous 
DNA methylation in normally hypomethylated CpG-rich 
regions of gene promoters is associated with inappropriate gene 
silencing (e.g., cancer). It is during embryogenesis and early post
natal life that DNA methylation patterns are fundamentally 
established and are imperative for silencing of specific gene 
regions, such as imprinted genes and repetitive nucleic acid 
sequences. The epigenome is reestablished at specific stages of 
development, making it a prime candidate as the basis for fetal 
programming. As such, changes in epigenetic markers are asso
ciated with inflammation and multiple human diseases, 
including many cancers and neurologic disorders. Because 
methylation requires the nutrient supply and enzymatic transfer 
of methyl groups, it is plausible that in utero nutritional, hor
monal, or other metabolic cues alter the timing and direction of 
methylation patterns during fetal development (Fig. 5-2).

Another essential mechanism o f gene expression and 
silencing is the packaging o f chromatin into open (euchro- 
matic) or closed (heterochromatic) states, respectively. 
Chromatin consists o f DNA packaged around histones into 
a nucleoprotein complex. Posttranslational modification of 
histone tails through acetylation, methylation, phosphorylation, 
ubiquitination, and SUMOylation can alter histone interaction 
with DNA and recruit proteins (e.g., transcriptional factors) 
that alter chromatin conformation. Histone tail acetylation by 
histone acetyltransferases promotes active gene expression,

FIG 5-3 DNA methylation, histone modification, and noncoding RNA.

whereas histone tail deacetylation by histone deacetylases 
(HDACs) is associated with gene silencing (Fig. 5-3). Histone 
methylation can either repress or activate transcription depend
ing on which lysine is methylated. For example, trimethylation 
of histone H3 at lysine 4 (H3K4me3) is associated with active 
gene transcription, whereas dimethylation of histone H3 at 
lysine 9 (H3K9me2) is associated with transcriptional silencing.4 
Histone modifications and DNA methylation patterns are not 
exclusively independent, and thus they can reciprocally regulate 
one another’s state.

Finally, noncoding RNAs (ncRNAs) are emerging as a 
potential third epigenetic mediator. The ncRNAs are tran
scribed from DNA but are not translated into proteins, and 
they function to regulate gene expression at the transcriptional
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and posttranscriptional level. The three major short ncRNAs 
(<30 nucleotides) associated with gene silencing are micro- 
RNAs (miRNAs), short inhibitory RNAs (siRNAs), and piwi- 
interacting RNAs (piRNAs).5 Long ncRNAs (>200 nucleotides) 
play a regulatory role during development and exhibit cell type- 
specific expression. Whereas these ncRNAs are usually associated 
with regulation of gene expression at the translational level, 
recent work suggests they may be involved in DNA methylation 
as well, thereby further regulating transcription of their targets.

Both human and animal studies provide evidence o f epi- 
genomic modulation by the maternal milieu; importantly, 
they implicate it in the transmission o f gestational program
ming effects to multiple generations.6

FETAL NUTRITION AND GROWTH
Nutrition is unquestionably one o f the cornerstones of 
health. More importantly, good evidence suggests that appro
priate nutritional supplementation before conception and 
during pregnancy may reduce the risk o f some birth defects
(see Chapters 6 and 7). Perhaps the most convincing argument 
that can be made for the need to consider maternal nutrition as 
a critical modulator of embryonic development is the observa
tion that maternal iodine supplementation has eradicated the 
occurrence of iodine deficiency-induced cretinism and other 
iodine deficiency-associated developmental defects. In addition, 
adverse maternal nutrition—which has an immediate and visible 
impact on the outcome of pregnancy—is seen in the case of 
folate deficiency and spina bifida. Similarly, maternal poly
morphisms in the genes of folate metabolism are also associated 
with intrauterine growth restriction (IUGR) and abnormalities 
that include cleft palate and heart defects. In addition to its 
critical role in the conversion of homocysteine to methionine, 
the functional mechanism for folate likely involves epigenetic 
effects, because folate generates the principal methyl donor 
(s-adenosyl methionine [SAMe]) that participates in meth
ylation o f DNA and histones.

Animal studies have also irrevocably shown the importance 
of a mother’s diet in shaping the epigenome of her offspring. A 
classic example is that of permanent hypomethylation of certain 
regions of the genome as a result of deficient folate or choline 
(methyl donors) during late fetal or early postnatal life. Specifi
cally, in viable yellow agouti mice, when the agouti gene is 
completely unmethylated, the mouse has a yellow coat color and 
is obese and prone to diabetes and cancer. When the agouti gene 
is methylated, as in normal mice, the coat color is brown and 
the mouse has a low disease risk. Although both the fat yellow 
and skinny brown mice are genetically identical, the former 
exhibits an epigenetic “mutation."7

Although teratogenesis, structural malformations, and even 
onogenic risks can be linked to developmental insults, it is only 
recently that the epidemic of metabolic syndrome has been 
attributed, in part, to consequences of fetal and newborn 
development. Obesity now represents a major public health 
problem and health epidemic (see Chapter 41). As recently 
reported, the adverse consequences of obesity are projected to 
overwhelm the beneficial effects of reduced smoking in the 
United States and have resulted in an actual decline in life expec
tancy. In the United States, 69% of adults are overweight (body 
mass index [BMI] from 25 to 30 kg/m2), and 35% are obese 
(BMI >30 kg/m2). Of concern to obstetricians is a marked and 
continuing increase in the prevalence of obesity among pregnant

women, a factor associated with both obstetric complications 
and high-birthweight newborns, a known risk factor for child
hood obesity. Whereas the epidemic of obesity in the United 
States was originally attributed to changes in the work environ
ment, a surplus of high calories, inexpensive food, and a lack of 
childhood exercise, it is now recognized that the risks o f obesity 
in metabolic syndrome can be markedly influenced by early 
life events, particularly prenatal and neonatal growth and 
environmental exposures. In the early 1990s, Barker and 
Hales8 brought attention to this with epidemiologic studies 
demonstrating that nutritional insufficiency during embry
onic and fetal development resulted in latent disease, includ
ing obesity, in adulthood. A series of studies have demonstrated 
a marked increase in deaths from coronary heart disease and 
adult hypertension in association with small for gestational age 
(SGA) newborns. In addition, investigators observed impaired 
glucose tolerance and diabetes in association with LBW.

Whereas the incidence of growth restriction has risen in the 
United States due in part to medical complications such as 
hypertension and multiple gestations, an approximate 25% 
increase in the incidence of high-birthweight (HBW) babies has 
also been seen during the past decade. Epidemiologic studies 
have confirmed that the relationship between birthweight and 
adult obesity, cardiovascular disease, and insulin resistance 
is in fact a U-shaped curve, with increasing risks at both the 
low and high ends o f the birthweight spectrum. Importantly, 
the sequelae of programming do not occur as a threshold response 
associated with either very low or very high birthweight, rather 
they represent a continuum of risk for adult disease in relation 
to variance from an ideal newborn birthweight.

As will be described below, these studies have spawned a burst 
of epidemiologic and mechanistic studies of the developmental 
origins of adult diseases. The original focus on cardiovascular 
disease and metabolic syndrome has been extended to a diversity 
of adult diseases— including cancer and diseases that affect the 
kidneys, lungs, and immune system— and also with learning 
ability, mental health, and aging. Thus the field o f developmen
tal origins o f adult disease has grown from considering short
term toxic or teratogenic effects to looking at long-term adult 
sequelae o f low or high birthweight and, more recently, at 
the impact o f environmental toxins (e.g., bisphenol A [BPA]). 
In addition to these influences, other factors that include mater
nal stress, preterm delivery, and maternal glucocorticoid therapy, 
among others, may significantly impact adult health and disease.

ENERGY-BALANCE PROGRAMMING
As noted above, epidemiologic studies demonstrate that the 
metabolic syndrome—a cluster of conditions that include obesity, 
hypertension, dyslipidemia, and impaired glucose tolerance— 
may be a result in part of the effects of LBW. Ultimately, obesity 
results from an imbalance in energy intake and expenditure 
as regulated by appetite, metabolism, adipogenic propensity, 
and energy utilization. In 1992, Hales and Barker8 proposed 
the “thrifty phenotype hypothesis” and suggested that in 
response to an impaired nutrient supply in utero, the growing 
fetus adapts to maximize metabolic efficiency because it will 
increase survival likelihood in the postnatal environment. 
This adaptation would be beneficial in response to environmen
tal cycles of famine and drought, in which reduced maternal— 
and thus fetal— nutrient supply would likely be replicated in the 
subsequent extrauterine environment. Numerous studies have
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Chapter 5 Developmental Origins of Adult Health and Disease 87

demonstrated the increased risk o f obesity associated with 
LBW. In addition to obesity, LBW appears to predispose to 
excess central adiposity, a phenotype specifically associated 
with risk for cardiovascular disease.

Although the long-term effects of LBW are linked to adult 
obesity, several studies have demonstrated important effects of 
newborn or childhood catch-up growth among the LBW  
infants. Those infants who are born small and remain small in 
comparison to their peers exhibit a lower risk of obesity and 
metabolic syndrome than those born small who catch up and 
exceed normal weights through infancy or early adolescence. 
These findings, replicated in animal models, have great signifi
cance for neonatal and childhood care. For example, a major 
goal of the treatment for premature LBW infants is the achieve
ment of a m inimum weight satisfactory for hospital discharge 
at birth. Contrary to current practice, it may be advisable to 
limit rapid weight gain in the neonatal period. Importantly, 
breastfeeding results in a lower obesity risk compared with 
formula feeding.'1 Breastfeeding may have advantages over 
formula feeding in both nutrient and hormone composition as 
well as in the natural limitations that prevent overfeeding.

As discussed above, programming effects of birthweight simu
late a U-shaped curve because LGA infants also are at an 
increased risk of adult cardiovascular disease and diabetes. 
Understandably, LGA infants are often born to obese women, 
who frequently express glucose intolerance or insulin resistance 
and who often consume high-fat Western diets prior to and 
throughout pregnancy. Studies demonstrate that each of these 
risks— obesity, glucose intolerance, and a high-fat diet— and 
their outcomes (LGA) may individually contribute to the 
programming o f adult obesity. When combined with varia
tions in maternal feeding and different childhood diets, it is 
understandable that epidemiologic studies have not yet deter
mined which of these factors is paramount in programming 
mechanisms. As discussed below, animal models demonstrate 
programming effects independently associated with each of 
these risks.

Animal models of LBW that have used a variety of methods— 
such as maternal nutrient restriction (global or specific), uterine 
artery ligation, and glucocorticoid exposure, among others— 
have effectively demonstrated increased adult adiposity. Similar 
to human studies, the propensity to obesity is particularly 
evident in LBW newborns who exhibit postnatal catch-up 
growth.10 Studies primarily on rodents and sheep have provided 
important insights into the underlying mechanisms of pro
grammed obesity, which include lasting changes in proportions 
of fat and lean body mass, central nervous system appetite 
control, adiposity structure and function, adipokine secretion 
and regulation, and energy expenditure.

Animal models of overnutrition mimic the modern dietary 
intake of high-fat, high-carbohydrate diets. Maternal obesity 
and high-fat, high-carbohydrate diets also result in increased 
adult programmed adiposity, notably via mechanisms that 
impact appetite and adipose tissue.11

Programming by Environmental Agents
Increasing human exposure to a wide range of industrial and 
agricultural chemicals has been well recognized. The Centers for 
Disease Control and Prevention (C D Q  reported significant 
human exposure to endocrine-disrupter chemicals (EDCs), 
including those that act via estrogen receptors (eEDCs). BPA is 
a nearly ubiquitous monomer plasticizer. The consistent findings

FIG 5-4 Bisphenol A levels during pregnancy.

of elevated BPA levels indicates continued routine exposure of 
adults and children. BPA is measurable in breast m ilk (1.1 ng/ 
mL), maternal (1 to 2 ng/mL) and fetal serum (0.2 to 9.2 ng/ 
mL), amniotic fluid (8.3 to 8.7 ng/mL), and placental tissues 
(1.0 to 104.9 ng/mL; Fig. 5 -4).12 BPA pharmacokinetics are 
similar in women, female monkeys, and rodents.13 BPA metabo
lism includes conjugation and clearance as BPA-glucuronide and 
BPA-suIfate, with most BPA found recovered in urine. Because 
the fetus and newborn have reduced conjugation capacity, BPA 
elimination is likely prolonged. Furthermore, the well- 
documented fetal swallowing of amniotic fluid recirculates BPA 
excreted in fetal urine. These findings explain, in part, the ele
vated fetal serum and amniotic fluid BPA levels.

Higher BPA urinary concentrations are associated with 
increased adiposity at 9 years o f age,14 and BPA levels are 
associated strongly with levels o f the adipokines adiponectin 
and leptin. Thus BPA exposure and maternal obesity may act 
synergistically to program obesity in the offspring. Epidemio
logic studies support the association of human developmental 
EDC exposure and obesity in later life. Prenatal and early life 
polychlorinated biphenyl (PCB) exposure is associated with 
increased male and female weight at puberty. In utero exposure 
to hexachlorobenzene is linked to overweight children at age 6 
years, and organochlorine pesticides are positively associated 
with BM I.15

The programming effects of BPA exposure are likely diverse; 
human epidemiologic studies have associated maternal BPA 
urinary concentrations with hyperactivity, aggression, anxiety, 
and depression, with effects more apparent in female offspring. 
Among inner-city children, prenatal BPA exposure is linked to 
altered emotional behavior such that males were more aggressive 
and females were less anxious or depressed.16

Animal models of BPA exposure indicate that BPA- 
programmed obesity mechanisms include changes in adipogen- 
esis and neurogenesis. In vitro studies reveal marked embryologic 
effects of BPA that include alterations in cell differentiation. The 
proadipogenic effects of environmental obesogens have been 
well documented; recent studies have demonstrated effects on 
adipocyte generation that resulted in an increased number, dif
ferentiation, and lipogenic function with potential epigenetic 
effects that traverse generations. In rats, prenatal BPA increased

Breast milk 
1.1 ng/mL

Amniotic fluid 
8.3-8.7 ng/mL

Maternal serum 
1-2 ng/mL

Fetal serum 
0.2-9.2 ng/mL Placenta 

1-105 ng/mL
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adipogenesis in females at weaning in association with overex
pression of several lipogenic genes (C/EBPot, PPARy, SREBP1, 
lipoprotein lipase, fatty acid synthase, and stearoyl-CoA desatu- 
rase-1).17 In samples from children, low-dose BPA increased the 
mRNA expression and enzymatic activity of 11 |3-hydroxysteroid 
dehydrogenase type 1 (11J3-HSD1) in omental adipose tissue 
and visceral adipocytes, consistent with BPA-induced accelera
tion of adipogenesis. At environmentally relevant doses, BPA 
inhibits adiponectin and stimulates release of inflammatory adi- 
pokines, including interleukin 6 (IL-6) and tumor necrosis 
factor alpha (TN Fa) from human adipose tissue.

In addition to adipogenic effects, recent EDC studies indicate 
neurodevelopmental effects of BPA. Low-dose maternal BPA 
exposure has been shown to accelerate neurogenesis and neu
ronal migration in mice and results in aberrant neuronal 
network formation. As a consequence of accelerated neurogen
esis, maternal BPA reduces the fetal neural stem/progenitor cell 
population at embryonic day 14.5.18 Maternal BPA exposure 
may ultimately program offspring appetite development; BPA 
upregulates critical mouse embryonic genes associated with 
appetite pathway neurogenesis, and in vitro BPA stimulates 
proliferation of neuroprogenitor cells.

BPA effects have been demonstrated both histologically and 
behaviorally. Prenatal and neonatal BPA exposure induces dys
function of the hippocampal cholinergic system. Prenatal BPA 
may also alter development of dopamine and N-methyl-D- 
aspartate (NMDA) systems in association with offspring anxious 
behaviors and cognitive deficits as well as serotoninergic systems 
that regulate mood. Gender-specific effects are well docu
mented; in utero BPA exposure has been found to alter off
spring rat brain structure and behavior, including sexually 
dimorphic behaviors, with effects more apparent in females 
than in males. Male mice offspring demonstrated increased 
aggression and memory impairment in addition to increased 
brain expression of estrogen receptors alpha and beta during 
early life. In studies of primates, prenatal BPA was found to alter 
male cynomolgus monkey offspring sexual behavior. As noted 
earlier, these effects have been identified in human offspring 
as well.16

Mechanisms of Programmed Obesity: 
Appetite and Adiposity
The hypothalamic regulation of appetite and satiety function 
develops in utero in precocial species, those in which the young 
are relatively mature as newborns. In the rat and in humans, 
although neurons that regulate appetite and satiety become 
detectable in the fetal hypothalamus early in gestation, the func
tional neuronal pathways form during the second week of post
natal life in the rat and likely during the third trimester in 
humans. Notably, the obesity gene product leptin, which is 
synthesized primarily by adipose tissue and the placenta, is a 
critical neurotrophic factor during development. In contrast to 
the adult, in which leptin acts as a satiety factor, fetal/neonatal 
leptin promotes the development of satiety pathways. In leptin- 
deficient (ob/ob) mice, satiety pathways are permanently dis
rupted and demonstrate axonal densities one third to one fourth 
that of controls.19 Treatment of adult ob/ob mice with leptin 
does not restore satiety projections, but leptin treatment of 
newborn  ob/ob mice does rescue the neuronal development,19 
indicating the critical role of leptin during the perinatal period.

Early-life leptin exposure is likely a putative programming 
mechanism in SGA and LGA human newborns. In LBW

Pancreas
A d ip o s e \y
tissue

FIG 5-5 Leptin secreted by adipose tissue and insulin secreted by the 
pancreas suppress neuropeptide Y (NPY) and increase proopiomela
nocortin (POMC). 3V, third ventricle; AgRP, agouti gene-related 
protein; ARC, arcuate nucleus; LHA, lateral hypothalamic area; 
NTS, nucleus of the solitary tract; PVN, paraventricular nucleus.

human offspring, leptin levels are low at delivery, and cord blood 
levels reflect neonatal fat mass. In contrast to the low serum 
levels of leptin in SGA newborns, LGA infants have elevated 
leptin levels. Obese pregnant mothers further have elevated 
leptin levels related to maternal adiposity, and breast m ilk leptin 
levels also reflect maternal fat mass.

Leptin binding to its receptor activates proopiomelano
cortin (POMC) neurons and downstream anorexigenic 
pathways. Obesity is often associated with leptin resistance, 
which results in an inability to balance food intake with 
actual energy needs. The leptin pathway is counterregulated by 
the orexigenic neuropeptide Y (NPY; Fig. 5-5). Impaired leptin 
signaling could result in increased expression of NPY, which 
would promote increased nutrient intake while decreasing 
overall physical activity. In LBW newborns, appetite dysregula- 
tion has been demonstrated as a key predisposing factor for the 
obese phenotype.20 Studies on LBW offspring specifically indi
cate dysfunction at several aspects of the satiety pathway, as 
evidenced by reduced satiety and cellular signaling responses to 
leptin.21 Recent studies have demonstrated an upregulation of 
the hypothalamic nutrient sensor nicotinamide adenine dinucle
otide (NAD)-dependent deacetylase sirtuin 1 (SIRT1), a factor 
that epigenetically regulates gene transcription of factors critical 
to neural development. Importantly, neuronal stem cells from 
rodent SGA fetuses and newborns demonstrate reduced growth 
and impaired differentiation to neurons and glial cells.22 Thus 
impaired neuronal development, and ultimately reduced satiety 
pathways, may be a consequence of a reduction in neural stem 
cell growth potential and reduced leptin-mediated neurotrophic 
stimulation during periods of axonal development.
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Glucocorticoid

Nucleus

FIG 5-6 Transcriptional regulation of adipogenesis. C/EBP, CCAAT/enhancer binding protein; PPAR: peroxisome proliferator-activated receptor; 
RXR, retinoic X receptor; SREBP, sterol regulatory element-binding protein.

In addition to appeti te/satiety dysfunction, mechanisms that 
regulate adipose tissue development and function (lipogen- 
esis) may be a key factor in the development o f programmed 
obesity. Increase in adipose tissue mass or adipogenesis occurs 
primarily during prenatal and postnatal development, although 
some adipogenesis continues throughout adulthood. The process 
of adipogenesis requires highly organized and precisely con
trolled expression of a cascade of transcription factors within 
the preadipocyte (Fig. 5-6), and this process is regulated by 
hormones, nutrients, and epigenetic factors. O f note, LBW off
spring show a paradoxic increased expression of the principal 
adipogenic transcription factor, peroxisome proliferator- 
activated receptor gamma (PPARy), and of hypertrophic adipo
cytes with increased propensity for fat storage, as evidenced by 
increased lipogenesis and de novo fatty acid synthesis. In accor
dance with this, LBW preadipocytes exhibit early differ
entiation and premature induction o f adipogenic genes.23,24 
Because the signaling pathways o f adipogenesis and lipogen
esis are upregulated prior to the development o f obesity, they 
may be among the crucial contributory factors that predis
pose to programmed obesity. Furthermore, cellular studies 
indicate that in LBW infants, adipocytes at birth have funda
mental traits identical to those seen with thiazolidine (PPAR 
agonist) treatment; that is, the adipocytes are more insulin sensi
tive and demonstrate increased glucose uptake and thereby 
facilitate increased lipid storage within the adipocytes. Thus 
early activation of PPAR or its downstream targets could promote 
the storage of lipids and thereby increase the risk of obesity. This 
concept reverberates with studies on maternal exposure to PPAR 
agonists, which induces fetal mesenchymal stem cells along the 
adipocyte lineage and causes a reduction in the osteogenic 
potential in these cells, resulting in greater fat mass in adult 
offspring.25 The role of stem cell precursor programming in 
metabolic disease pathways in response to maternal nutrient 
supply is an intriguing area for understanding developmental 
plasticity and potential preventive therapeutic strategies. Also, 
the potential transdifferentiation o f white adipose tissue 
toward a brown-fat phenotype, which can expend energy via 
thermogenesis, offers an alternative preventive strategy for 
programmed obesity.

Offspring bom to obese rat dams fed a high-fat diet also 
demonstrate increased food intake, adiposity, and circulating 
leptin levels and impaired glucose homeostasis dependent upon 
the period of exposure.11 In addition, these offspring have an 
activated adipose tissue renin-angiotensin system that partly

contributes to their hypertensive phenotype.26 The underlying 
phenotype appears to be similar to that of LBW infants, with 
altered appetite regulation, enhanced adipogenesis, and reduced 
energy expenditure. Nonetheless, salient mechanistic differences 
exist, such as increased proliferation of appetite-stimulating or 
orexigenic neurons in the fetus, the inability of elevated leptin 
to downregulate NPY, and decreased PPARy corepressors.

Hepatic Programming
In conjunction with the increased incidence of childhood and 
adolescent obesity, children and adolescents now have an 
increased risk o f developing nonalcoholic fatty liver disease 
(NAFLD), or nonalcoholic steatohepatitis, and type 2 diabe
tes. Type 2 diabetes has increased tenfold in some regions of the 
United States during the past decade, and the prevalence is 
particularly high in adolescent Native Americans, approaching 
rates of 6%. NAFLD, as determined by elevated serum amino
transferase, may occur in up to 10% of obese adolescents in the 
United States, although studies using ultrasonographic measures 
of fatty liver have estimated rates of up to 25% to 50% of obese 
adolescents. As a reflection of the severity of the metabolic syn
drome, cases o f cirrhosis associated with NAFLD in obese 
children have been described recently. Further evidence sug
gests that obesity can potentiate additional insults to the liver, 
such as with alcohol and hepatitis C infection.

Men and women with reduced abdominal circumference at 
birth, potentially reflecting reduced hepatic growth during fetal 
life, have elevated serum cholesterol and plasma fibrinogen. 
Similarly, poor weight gain in infancy is associated with 
altered adult liver function, reflected by elevated serum total 
and low-density lipoprotein (LDL) cholesterol and increased 
plasma fibrinogen concentrations.27 Although human studies 
have focused on the diagnosis and consequences of NAFLD in 
obese children and adolescents, animal studies (described below) 
indicate the early expression of fatty liver in fetuses exposed to 
maternal high-fat diets that were not LGA. Consequently, a 
heretofore undiagnosed increase in liver adiposity may exist 
among normal-weight offspring o f mothers exposed to 
Western, high-fat diets.

Animal models of both maternal nutrient restriction and 
nutrient excess demonstrate the presence of NAFLD, alterations 
in liver structure, and changes in key metabolic transcription 
factors and enzymes involved in glucose-lipid homeostasis in 
offspring. Specifically, maternal protein restriction during a rat 
pregnancy shifts the enzyme setting of the liver in favor of
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FIG 5-7 Mechanisms for nonalcoholic hepatic steatosis (nonalcoholic 
fatty liver disease [NAFLD]) include (1) increased fatty acid uptake by 
the liver and increased triglyceride synthesis; (2) increased de novo 
lipogenesis; (3) decreased fatty acid oxidation; (4) decreased very-low- 
density lipoprotein (VLDL) secretion, preventing release of fatty acid 
from the liver; and (5) hepatic insulin resistance, which promotes 
lipogenesis and gluconeogenesis and inhibits lipolysis.

glucose production, rather than glucose utilization, as evidenced 
by increased phosphoenolpyruvate carboxykinase and decreased 
glucokinase enzyme activities in offspring. Furthermore, these 
key hepatic enzymes of glucose homeostasis retain the ability to 
respond to the challenge of a high-fat, high-calorie diet but with 
an altered “set point” of regulation. Moreover, because these 
enzymes are predominantly located in different metabolic zones 
of the liver (glucokinase in the perivenous and phosphoenol
pyruvate carboxykinase in the periportal zone), these altered 
activities have been attributed to clonal expansion of the peri
portal and contraction of the perivenous cell populations.28

Five potential mechanisms lead to abnormal hepatic lipid 
metabolism and NAFLD (Fig. 5-7). On a molecular level, PPAR 
transcription factors are implicated in regulating lipid metabo
lism. PPARa in particular is predominantly expressed in the 
liver and regulates genes involved in fatty acid oxidation. 
Although PPARy is expressed at very low levels in the liver, 
PPARy agonists have been shown to ameliorate NAFLD in a rat 
model.29 In addition, PPARa and PPARy modulate the inflam
matory response, and PPAR activators have been shown to exert 
antiinflammatory activities in various cell types by inhibiting the 
expression of acute-phase proteins, such as C-reactive protein 
(CRP).30 CRP is produced by hepatocytes in response to tissue 
injury, infection, and inflammation and is moderately elevated 
in obesity, metabolic syndrome, diabetes, and NAFLD. Rat 
studies have demonstrated NAFLD and elevated hepatic CRP 
levels in LBW adult offspring associated with reduced expression 
of hepatic PPARy and PPARa.31 PPAR transcription factors and 
their coregulator peroxisome proliferator—activated receptor 
gamma coactivator (PGC-la) are in turn regulated by SIRT1, 
which is a nutrient sensor that has epigenetic effects. Consistent 
with reduced PPARa, LBW offspring have reduced hepatic 
SIRT1 activity and PGC-la expression, which likely promotes 
hepatic lipogenesis and suppresses hepatic lipolysis.32 Similar 
changes of reduced hepatic SIRTl activity and PGC-la expres
sion are observed in offspring from maternal high-fat diet and 
obese pregnancies.33

Pancreatic Programming
Although programmed adult obesity or diet-induced obesity 
may be attributed to the etiology of insulin resistance, studies 
in humans and animals indicate that in utero nutrition and 
environmental exposures directly impact the pancreas. Alter
ations o f pancreatic p-cell mass by maternal malnutrition 
was demonstrated in the mid 1960s. Whereas LGA human 
neonates have pancreatic p-cell hyperplasia and increased 
vascularization, SGA infants have reduced plasma insulin 
concentrations and pancreatic p-cell numbers.14 Consistent 
with the adverse effects of rapid catch-up growth, the greatest 
insulin resistance is observed in individuals who are LBW but 
develop adult obesity.35 In humans, growth in utero is directly 
associated with fetal insulin levels. Importantly, beyond the 
regulation o f glucose uptake, insulin has important develop
mental functions in systems that include skeletal and con
nective tissues and neural development.

These extremes o f weight are critical because the risk of 
insulin resistance in adult life is twofold greater among men 
who weighed less than 8.2 kg at 1 year o f age and in those 
who weighed 12.3 kg or more.11' A link has also been found 
between reduced early growth and proinsulin concentrations, 
suggesting that pancreatic tissue or function may be impaired, 
whereas other studies have suggested that fetal programming 
may alter the structure or function of insulin-sensitive target 
tissues.

Dependent upon the prevalence of obesity, approximately 
25%  o f individuals with normal glucose tolerance have 
insulin resistance similar to that seen in type 2 diabetes, but 
they compensate for this with enhanced insulin secretion.
These individuals are at increased risk to develop of overt diabe
tes. Studies of fetal programming have focused upon the finding 
that birthweight and newborn plasma glucose levels are directly 
correlated in normal pregnancies and in those complicated by 
diabetes. Far less focus has been paid to levels of amino acids in 
maternal or fetal blood, although amino acids are also major 
determinants of fetal growth.

In addition to low and high birthweight, recent studies 
suggest that antenatal exposure to betamethasone may result 
in insidin resistance in adult offspring. A 30-year follow-up 
of a double-blind, placebo-controlled randomized trial of ante
natal betamethasone for the prevention of neonatal respiratory 
distress syndrome demonstrated no differences in body size, 
blood lipids, blood pressure, or cardiovascular disease among 
those exposed to betamethasone or placebo. However, 
offspring exposed to betamethasone demonstrated higher 
plasma insulin concentrations at 30 min in a 75 g oral 
glucose tolerance test, and lower glucose concentrations were 
observed at 120 min.3 The authors suggest that antenatal expo
sure to betamethasone may result in insulin resistance in adult 
offspring. A further study of 20-year-old offspring demonstrated 
significantly reduced blood pressure in betamethasone-exposed 
offspring.38 In view of these findings, the authors recommend 
that obstetricians utilize a single course, rather than multiple 
courses, of antenatal glucocorticoids.

Various animal models of maternal diabetes, nutritional 
manipulation— both underfeeding and overfeeding— and uter
ine ligation all have reported altered P-cell growth, disturbances 
in insulin secretion, and long-term effects on insulin sensitivity. 
Reduced P-cell growth and insulin secretion have been 
observed in LBW offspring,1 ’ whereas accelerated P-cell mass 
and excess insulin secretion was observed in offspring of
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obese pregnant women.40 Despite differing nutrition and 
growth, both led to (3-cell failure, tissue-specific insulin resis
tance, and development of diabetes in the adult offspring. This 
phenomenon has been attributed to developmental epigenetic 
regulation. The (3-cell transcription factor pancreatic duodenal 
homeobox 1 (PDX1) is critical for P-cell development, and 
progressive silencing of Pdx-1 expression has been observed in 
(3-cells isolated from LBW offspring. Importantly, this silencing 
corresponds with persistent altered epigenetic regulation of the 
PDX1 gene. Additionally, increased circulating lipids can induce 
(3-cell apoptosis via endoplasmic reticulum stress pathways. 
Interestingly, Pdx-1 is protective against pancreatic endoplasmic 
reticulum stress in response to high-fat feeding in rodents. 
Whereas obesity in pregnancy can increase pancreatic fat deposi
tion in rodent models, whether this in turn leads to permanent 
changes in gene expression as observed in the growth-restricted 
fetus remains unknown.

The transgeneration diabetogenic effect is evident: mater
nal gestational diabetes and the resultant intrauterine 
hyperglycemia can transmit the diabetogenic phenotype to 
a subsequent generation.41 Consequently, the incidence of 
mothers who exhibit gestational diabetes has increased.42 
Similar to humans, rat models of maternal diabetes demonstrate 
a transgeneration diabetogenic effect. Female offspring of dia
betic mothers develop gestational diabetes and induce the effect 
in their fetuses and thereby in the next generation. Notably, 
intrauterine hyperglycemia alters imprinted gene expression in 
sperm.43

Cardiac Programming
In addition to the aforementioned glucocorticoid effects on 
insulin resistance, evidence suggests that maternal betametha
sone treatment o f preterm infants is associated with long
term adverse cardiac outcomes, including hypertrophic 
cardiomyopathy.44 Animal models discussed below confirm the 
association of fetal cortisol exposure with increased left ventricu
lar cardiomyocyte size. A reduction in cardiomyocyte number 
through either reduced cellular proliferation or increased apop
tosis appears to be a central feature. Because cardiomyocytes are 
highly differentiated and rarely replicate after birth, their inap
propriate prenatal reduction is likely to result in a permanent 
loss of myocardial functioning units and an increased suscepti
bility to cardiac hypertrophy and ischemic heart disease. Con
founding the direct association, left ventricular hypertrophy 
also has been reported in growth-restricted infants. Recent 
studies have suggested that maternal vitamin D deficiency may 
program long-term vulnerability to cardiovascular disease via 
effects on the fetal renin-angiotensin system and altered cardio
myocyte growth.

Similar to programming of the metabolic syndrome, extensive 
epidemiologic data have demonstrated the association o f birth- 
weight with adult coronary heart disease. Slow growth during 
fetal life and infancy followed by accelerated weight gain in 
childhood predisposes to adult coronary heart disease in both 
men and women.4' The association between LBW and coro
nary heart disease has been replicated among men and 
women throughout North America, the Indian subcontinent, 
and Europe.

As a result of similar pathophysiologic mechanisms, a strong 
interaction o f these risk factors exists with stroke. However, 
the impact of programming is again evident in the marked dif
ferences in adult phenotype dependent upon fetal and childhood

environments. In a study of over 2000 people within the Hel
sinki birth cohort, two different paths of early growth preceded 
the development of hypertension in adult life.46 Small body size 
at birth and low weight gain during infancy followed by a 
rapid gain in BMI during childhood was associated with an 
increase in coronary heart disease as adults. In contrast, LBW  
in utero and throughout infancy followed by a persistent 
small body size at adolescence resulted in an increased risk 
o f stroke and an atherogenic lipid profile. These two different 
paths of growth may lead to hypertension via altered biologic 
processes. Although restriction of rodent weight gain following 
LBW prevents an obese phenotype, significant atherogenic and 
pancreatic abnormalities are present, and these offspring exhibit 
markedly elevated cholesterol levels and insulin deficiency.47 
These results, in both humans and animals, indicate that preven
tive strategies may be elusive; prevention o f LBW, rather than 
modulation o f infant growth rates, is key.

In addition to the effect of fetal nutrient exposure on cardiac 
development, significant mechanisms of vasculogenesis underlie 
the programming of hypertension. These may include modifica
tions in arterial elastin and stiffness and in the size of the arterial 
and capillary beds.48 Although no direct evidence suggests that 
elastin synthesis is impaired in the developing large arteries of 
human fetuses whose growth is restricted, children with a single 
umbilical artery demonstrate striking asymmetry in the compli
ance of their iliac arteries at 5 to 9 years of age. Importantly, 
preterm birth also significantly affects the elastin content and 
viscoelastic properties o f the vascular extracellular matrix in 
human arteries. Inadequate elastin synthesis during early devel
opment may cause a permanent increase in arterial stiffness in 
adulthood, leading to hypertension and cardiovascular disease.49

Although this chapter does not seek to review all toxic tera
togenic exposures, prenatal cocaine exposure has been dem
onstrated to have significant effects on cardiac function in 
offspring. Cocaine exposure results in an increased rate of neo
natal arrhythmia and transient cardiac ST elevations. Although 
a blinded cross-sectional study did not demonstrate any signifi
cant differences in human left ventricular cardiac function, pre
natal cocaine exposure did result in changes in diastolic filling 
in neonates with the degree of change correlated to the degree 
of cocaine exposure. Some changes persisted to the age of 26 
months, particularly in those infants exposed to high levels of 
cocaine in utero. The mechanisms of these cocaine effects may 
relate to the inhibition of dopamine, serotonin, and norepineph
rine reuptake. In addition to direct effects, the impact of cocaine 
on the programming of cardiac function may be mediated via 
the autonomic nervous system. Some studies, although not all, 
have demonstrated an alteration in resting heart rate and heart 
rate variability. A well-performed investigation revealed a dose- 
dependent effect of fetal cocaine on neonatal heart rate at 4 to 
8 weeks of age, although the duration of this effect is unknown.50 
Further effects on static stress, renal sympathetic activity, and 
heart rate variability confirm the effects of cocaine on the devel
oping cardioregulatory systems. Taken in sum, these studies 
suggest that fetal cocaine exposure has at least a short-term 
impact, and potentially a longer-term impact, on cardiac 
function in humans.

Although no clear epidemiologic evidence links prenatal 
hypoxia and adult cardiovascular disease, animal models suggest 
an effect of hypoxia on adult cardiac function. Chronic hypoxia 
during the course of pregnancy also results in LBW newborns 
with altered myocardial structure and altered heart development.

ak
us

he
r-li

b.r
u



92 Section I Physiology

Antenatal hypoxia causes pulmonary vascular remodeling during 
fetal life that results in pulmonary vascular disease (i.e., hyper
tension) in newborns. Hypoxia-mediated responses act in 
part via hypoxia inducible factor (HIF) regulating multiple 
genes, including vascular endothelial growth factor (VEGF), 
and downstream inflammatory responses.52 Among other effects, 
prolonged hypoxia in utero suppresses fetal cardiac function, 
alters cardiac gene expression, increases myocyte apoptosis, and 
results in a premature exiting of the cell cycle by cardiomyocytes 
in addition to myocyte hypertrophy.53

Osteoporosis Programming
Recent evidence indicates that fetal and neonatal life may be 
a critical factor in the development o f osteoporosis, a disease 
typically associated with aging. In considering the major deter
minants of bone mass in later life, the most critical issues are 1) 
peak bone mass achieved during the third decade of life and 2) 
the rate of bone loss following this period. Thus bone mass in 
the elderly is largely determined by peak bone mass that 
occurs much earlier in life. Several epidemiologic studies have 
demonstrated that LBW and weight at 1 year are directly cor
related with reduced bone marrow content and bone mineral 
density.54 Consistent with these findings, poor childhood growth 
was associated with an increased risk of hip fracture in elderly 
adults.

The mechanisms by which the fetal and neonatal period 
can influence peak bone mineral content include the interac
tion o f vitamin D and calcium and additional factors such 
as fetal and neonatal growth hormone, cortisol, and insulin
like growth factor 1 (IGF-1). An undernourished fetus deprived 
of calcium may upregulate vitamin D activity in an attempt to 
increase calcium availability. Although more than 60% of peak 
bone mass is gained during puberty, a growing body of evidence 
suggests that a substantial proportion of peak bone mass is 
determined by growth earlier in life. Additional maternal factors 
may influence neonatal bone mineral content. Low maternal 
fat stores, maternal smoking or increased physical exercise in 
late pregnancy, and low maternal birthweight all predict 
lower whole-body bone marrow content in the neonate. 
Breastfed children initially have lower bone mass than bottle-fed 
children but may ultimately accrue greater bone mass by 8 years. 
In rats, maternal diet modulation or uterine artery ligation 
affects the bone structure of offspring. As adults, these offspring 
had lower serum 25-hydroxy vitamin D levels and lower bone 
mineral content and bone area, which was also associated with 
changes in their growth plates. This is consistent with the nutri
tional programming of the skeletal growth trajectory and 
complements the epidemiologic evidence for programming of 
osteoporosis in humans.

Brain Programming
Cerebral function and development during the critical fetal/ 
neonatal window is highly complex; therefore it is understand
able that a number of stressors during early life would impact a 
variety of areas, including cognition and behavior, dysfunction 
of which could lead to anxiety and even addictive behavior. In 
utero exposure to cocaine, and perhaps methamphetamine, 
demonstrates a number o f cerebral effects.56 Children exposed 
to prenatal cocaine evidence a significant impact on behavior 
(aggression), attention-deficit/hyperactivity disorder (ADHD), 
substance abuse (e.g., cigarettes), and impaired language.56 
Additional studies have suggested potential impairment of

intelligence quotient (IQ), cognition, motor function, and 
school performance. Understandably, windows of exposure and 
dose-dependent responses are difficult to quantify. Nevertheless, 
a number of studies have suggested that heavy cocaine use is 
related to worse outcome in regard to behavior, language, 
and IQ.56 Studies of neuroimaging have demonstrated signifi
cant alterations in the specific volumes of brain regions among 
cocaine-exposed children when assessed as children, adolescents, 
and adults. Studies of diffusion tensor imaging and functional 
magnetic resonance imaging (MRI) reveal increased creatine in 
the frontal white matter, a potential sign of abnormal energy 
metabolism.57 Cocaine-exposed children exhibit greater activa
tion in the white inferior frontal cortex and the caudate nucleus 
during response inhibition, suggesting that prenatal cocaine 
may affect the development o f brain systems involved in the 
regulation o f attention and response inhibition. 1

Considering other substances of abuse, among children 
exposed to methamphetamine, magnetic resonance spectroscopy 
demonstrated increases in total creatine in the basal ganglia, 
again indicative of possible alterations in cellular energy metabo
lism .58 Neuroimaging of children exposed to opiates in utero 
further reveal smaller intracranial and brain volumes, including 
a smaller cerebral cortex, amygdala, brainstem, and cerebellar 
white matter among other areas. This is consistent with animal 
studies, which indicate that prenatal nicotine or cocaine 
exposure targets specific neurotransmitter receptors in the 
fetal brain and elicits abnormalities in cell proliferation and 
differentiation and thus leads to reduced neurogenesis and 
altered synaptic activity.1 The underlying mechanism may 
involve increased apoptosis o f neuronal cells.

MATERNAL STRESS AND ANXIETY
Although the effects of maternal substance abuse may be a direct 
impact of the specific drug-receptor interaction, the commonal
ity of behavioral effects in the offspring suggests that disruption 
in the fetal neuroendocrine environment— potentially associ
ated with increased fetal adrenocorticotropic hormone (ACTH)/ 
cortisol— may impact fetal/neonatal brain development. In view 
of these findings, extensive epidemiologic investigation has 
been focused on maternal stress and anxiety. During the second 
trimester, increased maternal anxiety has been associated with 
lower neonatal dopamine and serotonin levels, greater right 
frontal electroencephalogram (EEG) activation, and lower vagal 
tone. In late pregnancy, maternal anxiety has been associated 
with increased salivary cortisol levels among 10-year-old chil
dren, suggesting that maternal anxiety during pregnancy pro
grams the offspring’s stress responsiveness. In a recent study, 
neonates o f mothers with high anxiety demonstrated altered 
auditory evoked responses, which suggests differences in 
attention allocation. In addition to chronic maternal anxiety, 
acute stress responses during pregnancy may include death of 
close relatives, natural disasters, and maternal neuropsychiatric 
conditions. M any of these stress exposures have significant 
impact, with potential neurodevelopmental consequences for 
the offspring. Children o f mothers with posttraumatic stress 
disorder (PTSD) during pregnancy display altered cortisol 
levels accompanied by signs o f behavioral distress during the 
first 9 months o f life.60

The role o f the maternal hypothalamic-pituitary-adrenal 
(HPA) axis is recognized as contributing to maternal 
stress-mediated effects on fetal development. Although the
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developing fetus is normally protected from high levels of 
circulating maternal cortisol by the placental enzyme ll-(3 - 
hydroxysteroid dehydrogenase type 2 (11P-HSD2), which 
metabolizes cortisol to inactive cortisone, downregulation of 
placental 11P-HSD2 may occur in response to drug exposure, 
maternal diet, and obstetric conditions that include preeclamp
sia, preterm birth, and IUGR.61 A reduction in placental 11|3- 
HSD2 may thus increase fetal exposure to maternal cortisol 
levels and may have secondary effects on brain maturation 
and development. Among pregnant women who undergo 
amniocentesis, a strong correlation exists between maternal 
plasma and amniotic fluid cortisol levels indicative of fetal levels. 
The correlation with maternal anxiety suggests that measures of 
amniotic fluid cortisol may serve as an index for fetal hormone 
exposure.

Psychiatric disorders seen in the offspring of pregnancies asso
ciated with maternal stress may be a consequence of cortisol 
binding to select brain regions during development. Notably, 
most fetal tissues express glucocorticoid receptors from mid 
gestation onward. It is well established that steroid hormones in 
the fetus are involved in organ development and maturation, 
such as of the brain, heart, lungs, gastrointestinal (GI) tract, and 
kidneys. Glucocorticoids may impact diverse gene expression via 
epigenetic mechanisms that include DNA methylation, histone 
acetylation, and miRNA.62 O f note, the hippocampus, which is 
critical for learning and memory, has extensive glucocorticoid 
receptors. Although not studied in humans, glucocorticoid 
exposure in rat dams results in a reduction in the volume and 
number of cells in the nucleus accumbens, a central limbic 
nucleus critical to reward circuitry.63 These findings may provide 
a mechanism by which maternal stress or substance abuse con
tributes to offspring addictive behavior, which represents a dys
function of the limbic system.

The effects of maternal stress may extend beyond fetal/ 
neonatal neurologic and behavioral issues. Maternal prenatal 
anxiety and stress predicted a significant adverse effect on illness 
in the infant and also predicted antibiotic use,64 whereas a wide 
range of prenatal stressors were associated with morbidity in 
childhood. Specifically, prenatal anxiety has been associated 
with childhood asthma, whereas stress-related maternal 
factors have been linked to increased eczema during early 
childhood.

A generational effect o f fetal programming and the HPA 
axis is suggested by findings that LBW babies have elevated 
cortisol concentrations in umbilical cord blood and have 
elevated urinary cortisol secretion in childhood.65 Nilsson 
and colleagues66 demonstrated a continuous relationship between 
size at birth and stress susceptibility, whereas other studies have 
found that cortisol responses to stress were significantly and 
inversely related to birthweight. Similarly, in regard to physio
logic responses, LBW is associated with increased blood pressure 
and heart rate responses to psychologic stressors in women but 
not in men.

In corroboration of the human data, findings from experi
ments with rodent models show that prenatal stress, such as 
restraint and administration of exogenous glucocorticoids, not 
only impairs cognition and increases anxiety and reactivity to 
stress but also alters brain development.67 Furthermore, prenatal 
stress increases sensitivity to nicotine and other addictive drugs. 
Interestingly, maternal nurturing impacts the offspring’s epi- 
genome and behavior. In rats, maternal nurturing behavior 
altered the offspring epigenome at a glucocorticoid receptor gene

promoter in the hippocampus. As a result, highly nurtured rat 
pups demonstrated less anxiety than those that received minimal 
nurturing.

More recent studies of nonhuman primates implicate chronic 
consumption of a high-fat diet during pregnancy in increased 
anxious behavior in offspring. This behavior is thought to 
be caused by perturbations in the fetal brain serotonergic- 
melanocortin pathways.68

GLUCOCORTICOIDS AND PREMATURITY
Although glucocorticoid therapy for the preterm infant has 
made a significant contribution to the reduction of neonatal 
respiratory distress syndrome, intraventricular hemorrhage, and 
infant mortality, the tendency has been for clinicians to utilize 
multiple courses of glucocorticoids. Studies that have examined 
the impact of human perinatal glucocorticoid exposure have 
demonstrated that children exposed to dexamethasone during 
preterm gestation who were born at term have increased 
emotionality, general behavioral problems, and impairments 
in verbal working memory.64 Further, offspring o f women 
given multiple doses o f antenatal glucocorticoids have 
reduced head circumference and significantly increased 
aggressive violent behavior and attention deficits.69 These 
findings suggest that fetal exposure to pharmacologic glucocor
ticoid levels during critical developmental periods, prior to 
the normal increase seen in the term newborn, may have 
adverse consequences, including to the programming of the 
offsprings HPA axis. Preterm babies exposed to antenatal 
betamethasone had a lower salivary cortisol response to a heel 
stick than matched controls at 3 to 6 days after delivery.70 Addi
tional studies demonstrate that antenatal corticosteroids are 
associated with suppressed cortisol responses to corticotrophin- 
releasing hormone (CRH) during the immediate neonatal period. 
Salivary cortisol responses to immunization at 4 months of 
age were significantly correlated with the mean plasma cortisol 
in the first 4 weeks of life independent of maternal gluco
corticoid exposure. It is notable that preterm infants have a 
similar spectrum of developmental and behavioral problems 
as do babies whose mothers have experienced extreme stress 
or anxiety during pregnancy, and both groups demonstrate 
increased levels of attention deficit, hyperactivity, anxiety, and 
depression.

Although premature exogenous glucocorticoid exposure via 
maternal administration has consequences, it should be recog
nized that if actually delivered preterm, infants are exposed 
to increased endogenous cortisol prior to the time at which 
they would normally experience this increase— that is, at 
term. Several studies demonstrate that LBW is associated with 
increased resting heart rate and fasting plasma cortisol concen
trations in adulthood. Among preterm babies born at less than 
32 weeks, newborn plasma cortisol levels are four to seven times 
higher than the fetal levels would be at the same gestational age. 
As the elevated levels persist through 4 weeks of age, they likely 
result from a combination of both the acute antenatal steroids 
and postnatal endogenous glucocorticoid exposure. W hether a 
consequence of prematurity or perhaps of premature cortisol 
exposure, preterm infants— especially those born prior to 28 
weeks’ gestation—have significant neurologic impairments, 
including visual-motor coordination when measured at 8 years 
of age. In view o f these consequences o f exogenous and 
endogenous glucocorticoids, maternal glucocorticoid use
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should be directed only at those infants most likely to benefit 
and those most likely to deliver preterm.

Whereas the effects of glucocorticoids on programming 
brain development and organ maturation is well accepted, it is 
less well recognized that glycyrrhiza— a natural constituent of 
licorice— may also impact fetal programming by disrupting cor
tisol metabolism. Glycyrrhiza inhibits placental 11P-HSD2 and 
thus results in a potential increased transmission of maternal 
cortisol to the fetal compartment. In a study of Finnish children 
at 8 years of age, those with high exposure to glycyrrhiza from 
maternal licorice ingestion had significant deficits in verbal 
and visual spatial abilities and in narrative memory, and they 
had significant increases in externalizing symptoms and in 
aggression-related problems. These effects on cognitive perfor
mance appear to be related to the degree of licorice consump
tion.71 In addition to licorice, glycyrrhiza is often used as a 
flavoring in candies, chewing gum, herbal teas, alcoholic and 
nonalcoholic drinks, and herbal medications. Although these 
results suggest that exposure to glycyrrhiza should be limited 
during pregnancy, it more importantly indicates the diversity of 
foods and drugs that can impact fetal development and pro
gramming, perhaps through effects on fetal cortisol exposure.

As adults, prematurely born infants also display abnormalities 
of insulin resistance, elevated blood pressure, and abnormal 
retinal vasculature. Although much attention has been focused 
on the effects of LBW on the programming of metabolic 
syndrome, a study of 49-year-old Swedish men demonstrated 
that systolic and diastolic blood pressures were inversely corre
lated with gestational age, rather than birthweight, independent 
of current BMI. Similar results have been demonstrated in 
women born preterm. An intergenerational effect may occur 
because consequences of elevated blood pressure and abnormal 
vascularization among women may have a subsequent impact 
on future pregnancies. Thus women who were born before 37 
weeks o f gestational age demonstrate a 2.5-fold increased 
risk o f developing gestational hypertension in their own 
pregnancies. 2

In a recent study from western North Carolina, boys and girls 
aged 9 through 16 were tested for depression in relation to 
birthweight and additional prenatal and perinatal factors. LBW  
predicted depression in adolescent girls (38.1% vs. 8.4% 
among girls with normal birthweight) but not boys. In addition, 
LBW was associated with an increased risk o f social phobia, 
posttraumatic stress symptoms, and generalized anxiety 
disorder— all o f which were far more common in girls than 
in boys. 3 Further studies have demonstrated that LBW is asso
ciated with an increased risk of schizophrenia, ADHD, and 
eating disorders. These findings are consistent with animal 
studies that indicate gender-specific effects of developmental 
programming.

IMMUNE FUNCTION
Prenatal stress may influence the developing immune system, 
particularly as related to asthma and atopic diseases. Mater
nal nervousness during gestation correlates with elevated immu
noglobulin E (IgE) levels in cord blood and may predict atopic 
diseases in early childhood. Importantly, pregnant women with 
prenatal stress have elevated proinflammatory cytokine levels, 
which may impact the risk of allergy in childhood. Although 
these findings suggest that enhanced  immunologic responses may 
occur following maternal stress, LBW may be associated with

reduced  inflammatory responses that contribute to increased 
morbidity. Young adults born during seasonal famine and likely 
growth restricted were more likely to die of infectious diseases. 
These infants demonstrated reduced thymic size and altered 
patterns of T-cell subsets with a lower CD4/CD8 ratio, sugges
tive of lower thymic output. Interestingly, Hartwig and col
leagues75 reported that the likelihood of asthma and eczema at 
the age of 14 years was significantly increased in children of 
mothers who had experienced adverse life events during the 
second half of gestation, but a greater increase was found if  this 
occurred in mothers without asthma compared with mothers 
who had asthma. Postpartum maternal influences also may con
tribute because mothers of these infants express lower levels of 
maternal breast m ilk interleukin 7 (IL-7), a putative thymic 
trophic factor. In support of the impaired inflammation response 
among LBW infants, antibody responses to typhoid vaccina
tion are positively associated with birthweight. These find
ings suggest that atopy-related immune function may be 
enhanced in either LBW offspring or offspring associated 
with maternal prenatal stress, although LBW may well result 
in significant impairment in offspring infectious disease- 
related immune function. The consequences of LBW and 
reduced immune function may be a critical factor that predis
poses to infant mortality in developing countries.

Much as perinatal factors can influence immunity, mothers 
who are allergic have lower interferon-y responses during preg
nancy, which has been postulated to influence the cytokine 
milieu of the fetus.76 Similarly, maternal asthma during preg
nancy is associated with fetal growth restriction and preterm 
birth. Placental expression of proinflammatory placental cyto
kines is significantly increased in pregnancies complicated by 
mild asthma, although only in the presence of a female fetus.77 
Significant evidence shows that both the maternal allergic phe
notype and the maternal environmental exposures during 
pregnancy affect the risk o f subsequent allergic disease in 
childhood. Evidence indicates that maternal allergy is a recog
nized risk factor for allergic disease. In regard to maternal envi
ronmental exposures, a number of factors may influence fetal 
immune development and allergic outcomes. Although evidence 
is inconsistent and mechanisms are unclear, several studies have 
demonstrated that a Mediterranean diet may protect against 
early childhood wheezing.78 Other studies have explored the 
effects of folate supplementation, polyunsaturated fatty acids, 
antioxidants, and a range of vitamins and micronutrients, 
although again with a lack of consistency.

Interestingly, recent evidence suggests that maternal expo
sure to microbials may influence fetal immune competence. 
Exposure in utero to a farming environment has been demon
strated to protect against the development of childhood asthma 
and eczema.79 Similar results have demonstrated that farming 
environments alter the expression of innate immune genes and 
modify umbilical cord IgE levels. Some studies,80'81 although not 
all,82’83 suggest an association between cesarean delivery and 
chronic immune disorders, particularly childhood asthma. 
Because the newborn GI flora is markedly affected by elective 
cesarean delivery, it is possible that changes in the microbiome 
may influence early development or maturation of diverse 
immune systems.

In contrast to the potential beneficial effect of microbial expo
sure, maternal cigarette smoking increases the risk of asthma in 
the offspring. This likely occurs via an allergic sensitization 
rather than by the classic direct pulmonary effects of cigarette
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smoke. Animal studies also support the premise that innate 
immune function can be programmed as a result of perinatal 
challenges to the immune system during development. In rats, 
administration of bacterial endotoxin, lipopolysaccharide (LPS), 
to neonates influences the adult neuroimmune response to 
a second LPS challenge, in part through the HPA axis.84 In 
addition, undernutrition— particularly during prenatal and 
postnatal periods— affects immune competence of offspring by 
increasing basal inflammation and also reducing cytokine induc
tion in response to inflammatory stimuli.

Potentially confounding the association of cigarette smoking 
is a finding that children with a smaller head circumference at
10 to 15 days of age had a markedly increased odds ratio for 
wheezing at 7 years of age. Thus factors that determine fetal 
growth may also be associated with wheezing in childhood. 
Children with both small and large head circumferences at birth, 
consistent with both undernutrition and overnutrition, have 
increased atopic sensitization and elevated serum IgE at ages 5 
to 7 years.85 Large head circumference at birth has previously 
been reported to be marked by elevated IgG levels in adulthood 
and a risk of asthma in adolescence. The relationship of devel
opmental origins to childhood asthma is complex because several 
asthma phenotypes are possible, including those associated with 
atopy compared with those associated with acute childhood viral 
infection. Although both of these diseases exhibit childhood 
wheezing and/or immune modulation, they likely have signifi
cant alterations in predisposition. Because asthma is associated 
with an exaggerated type 2 helper T cell (TH2) response to both 
allergic and nonallergic stimuli, it has been proposed that genes 
involved in IgE synthesis and airway remodeling have failed to 
be silenced during early infancy. In utero programming of these 
genes may result in the predisposition to allergic responses.

OTHER PROGRAMMING 
Endocrine Programming
Low birthweight may also be associated with additional endo
crine disorders that affect gonadal and adrenal axes. Reduced 
fetal growth results in exaggerated adrenarche, early puberty, 
and small ovarian size with the subsequent development of 
ovarian hyperandrogenism.1'6 Children born SGA may have 
puberty at a normal age or even earlier but appear to exhibit 
a more rapid progression, which compromises adult ovarian 
function.87 Compared with average for gestational age (AGA) 
girls, SGA girls displayed increased baseline estradiol, stimulated 
estradiol, and 17-hydroxyprogesterone at the beginning of 
puberty, whereas LBW is associated with precocious puberty in 
girls.86 Among LBW girls, those who demonstrate postnatal 
catch-up growth have greater fat mass and more central fat. 
Whether this suggests that early puberty is a consequence of 
hyperandrogenism or hyperinsulinism associated with the 
central adiposity is uncertain. Importantly, children who 
present with precocious puberty, particularly those with a 
history o f LBW, have an increased risk o f developing ovarian 
hyperandrogenism and other features o f polycystic ovary 
syndrome (PCOS) during or soon after menarche.S1’ Growth 
restriction may thus program adrenal function and induce per
manent changes in ovarian morphology and function in utero, 
contributing to PCOS in adult life.

Despite the association with PCOS, women born during a 
famine do not appear to have differences in fertility rates as 
measured by age at first pregnancy, completed family size, and

interpregnancy interval. Recent studies have suggested that 
the cohort of offspring from the Dutch famine may even have 
an increased fertility compared with controls.88 Furthermore, 
despite the impact on puberty, LBW does not appear to 
advance the age o f menopause in women.89 There is evidence, 
however, of an increased prevalence of anovulation in adolescent 
girls born SGA compared with controls (40% vs. 4% ),90 although 
this may be a consequence of obesity-associated endocrine per
turbations. These findings suggest that the effects of maternal 
nutritional status during pregnancy on reproductive perfor
mance of offspring are relatively small.

In the female rat, pubertal timing and subsequent ovarian 
function is influenced by the anim als nutritional status in utero, 
with both maternal caloric restriction and a high-fat maternal 
diet resulting in the early onset of puberty. However, the former 
leads to a reduction in progesterone levels, whereas the latter 
causes elevated progesterone concentrations in adult offspring. 
In sheep, reduced lifetime reproductive capacity has been dem
onstrated in ewes born to mothers undernourished during late 
pregnancy or in the first months of life. Similarly, in rodents, 
maternal undernutrition causes premature reproductive senes
cence via alteration of the hypothalamic-pituitary-gonadal axis,91 
whereas maternal obesity and a high-fat diet result in increased 
ovarian apoptosis and follicular growth in the adult offspring.92 
Prenatal exposure to testosterone impairs female reproductive 
capacity in sheep, and prepubertal administration of estradiol 
disrupts ovarian cyclicity in adult rats. Furthermore, animals 
that receive an excess of thyroxine during the neonatal period 
exhibit changes in the pituitary-hypothalamic responses linked 
to the secretion of thyroid-stimulating hormone (TSH) in 
later life.

Sexuality Programming
The following discussion is not meant to im ply disease states or 
opine on issues of normalcy of sexuality but rather to discuss 
the developmental processes that result in adult sexual orienta
tion. Among males, sexual orientation is largely dichotomous 
(heterosexual, homosexual), although bisexual orientation 
among women is likely more prevalent. A genetic component 
for sexual orientation is evident from studies that demonstrate 
an increased rate of homosexuality among relatives of homo
sexuals. Twin studies report moderate hereditability of sexual 
orientation,93 although advances have been limited in the 
identification of specific genetic loci responsible for sexual 
orientation. Significant research demonstrates a major role 
for gonadal steroidal androgens in regulating sexual dimor
phism in the brain and subsequent behavior. Animal studies 
confirm that hormonal signals that operate during critical 
periods may have programming effects on sexuality. The classic 
example of such a phenomenon is the exposure of female rats at 
a critical period of fetal life to a single exogenous dose of testos
terone, which permanently reoriented sexual behavior. A similar 
dose of testosterone in 20-day-old females had no effect. Thus, 
a critical time exists at which the animal’s sexual physiology is 
sensitive and can be permanently changed.911 Based upon early 
animal models, initial studies resulted in what is likely an over
simplified theory: relative overexposure of females to androgens 
may contribute to female homosexuality, and underexposure to 
prenatal androgens in men may contribute to male homo
sexuality. Using a proxy marker of prenatal hormonal androgen 
exposure, the ratio of the second to fourth finger lengths, 
several studies have demonstrated that homosexual women have
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significantly masculine measurements compared with hetero
sexual women, although one study reported no difference. A 
further proxy marker is otoacoustic emissions (OAEs), which 
represent sounds emitted by the cochlea, which are more numer
ous in females than in males. Significant evidence suggests that 
OAEs are influenced by prenatal androgen exposure, with evi
dence that females with male co-twins have a masculinized OAE 
pattern. Despite the tendency for homosexual women to be 
exposed to more prenatal androgens than heterosexual women, 
overlap is considerable between the two female groups, indicat
ing that prenatal androgens do not act in isolation.95 Reports 
among heterosexual and homosexual men are inconclusive in 
regard to proxy markers.

In contrast to the stronger correlation of female versus male 
homosexuality with measures of prenatal androgen exposure, 
birth order impacts more significantly among males. The f r a 
te rn a l b irth  o rd er  e f f e c t  indicates that homosexual men have 
a greater number o f older brothers than heterosexual men 
do, with the estimated odds o f being homosexual increasing 
by 33%  with each older brother. Of note, homosexual males 
with older brothers have significantly lower birthweights com
pared with heterosexual males with older brothers.96 These find
ings may suggest an interaction of birthweight and additional 
developmental factors. Several investigators have proposed a role 
of immunization of mothers to male-linked androgens, which 
results in maternal Y-chromosome linked antibodies that may 
act on male-differentiating receptors within the fetal brain.91 
Further studies demonstrate sexual orientation—related neuronal 
variation that includes hypothalamic and selected cortical 
regions. Despite these associations, little conclusive under
standing exists o f specific neurodevelopmental mechanisms 
that produce homosexuality or heterosexuality. However, 
emerging evidence suggests that prenatal exposure to EDCs 
affects neural circuits at the hypothalamus-pituitary axis, impacts 
fetal testicular development, masculinizes genitalia in females, 
feminizes yolk production (vitellogenesis) in males, and alters 
sex and social behavior.97

Renal Programming
In humans, the total number of nephrons ranges between 
approximately 600,000 and slightly over one million, although 
the factors that determine an individual’s glomerular number are 
unknown. Nephrogenesis occurs up to approximately 36 weeks’ 
gestation, and both genetic and environmental effects alter or 
regulate the number of nephrons. From a genetic perspective, 
select genes that regulate renal signaling and transcription 
permutation have been associated with renal hypoplasia. 
Thus most congenital renal anomalies have an inheritable 
component.

Environmental exposures and stresses are well demon
strated to alter nephron number. Autopsies of newborns and 
children have demonstrated a marked association between LBW 
and reduced nephron number.98 Importantly, low glomerular 
number and high glomerular size have been associated with 
the development o f hypertension, cardiovascular diseases, 
and an increased susceptibility to renal disease in later life. 
Reduced nephron number as a result of developmental program
ming may result in single nephron glomerular hyperfiltration. 
The compensatory glomerular hypertrophy, which maintains 
normal glomerular filtration rate (GFR), ultimately may cause 
glomerular sclerosis and nephron loss and can contribute to later 
hypertension and chronic renal disease.

Reduced nephron number beginning in the fetal/neonatal 
period may have effects different from that of adult nephrec
tomy. In sheep, fetal unilateral nephrectomy at 110 days gesta
tion leads to subsequent hypertension.99 Similarly, unilateral 
nephrectomy in the neonatal rat results in adult hypertension 
and impaired renal function. These findings differ from obser
vations after human nephrectomy performed in adults (e.g., 
renal transplant donors), in whom hypertension generally does 
develop. The mechanisms that contribute to hypertension result
ing from reduced glomerular number that occurs during fetal 
and neonatal life are unclear, but they indicate that the devel
opmental impact on nephron number may play an impor
tant role in programmed hypertension. These include the role 
of specific genes and growth factors involved in this process, the 
paired box 2 gene (PAX2) and glial cell—derived neurotropic 
factor (GDNF) as well as apoptotic markers and signaling 
pathways.

In view of the contribution of renal disease to hypertension, 
it is notable that very LBW infants exhibit a high rate of 
hypertension during adolescence.100 Preterm children also 
demonstrate a higher prevalence of hypertension, as do AGA 
and SGA offspring.101 Among black Americans in the southeast
ern United States and among Australian aboriginals, LBW is 
associated with adult-onset renal disease.98 As a marker of 
impending renal disease, microalbuminuria is more than twofold 
greater in SGA offspring at a young adult age than that occurring 
in AGA offspring, although not all studies demonstrate this 
effect. Nutritional insults seen in SGA, LBW, and premature 
births are perhaps associated with excess glucocorticoid exposure 
and secondarily reduced glomerular number. Paradoxically, 
autopsy studies indicate that the number of renal podocytes in 
full-term newborns is significantly lower than in preterm fetuses. 
It is unknown whether this is a pathologic process related to 
continued adverse exposures (e.g., drugs, maternal diet) during 
intrauterine life that results in renal podocyte demise or a normal 
physiologic process (e.g., apoptosis).

Pregnant patients are also exposed to a variety of neph
rotoxic drugs, including nonsteroidal antiinflammatory 
drugs (NSAIDs), ampicillin/penicillin, and aminoglycosides. 
NSAIDs may lead to renal hypoperfusion during critical 
nephrogenic periods, resulting in cystic changes in develop
ing nephrons102 and acute or chronic renal failure in preterm 
newborns. The impairment in renal development that results 
from angiotensin-converting enzyme (ACE) inhibitors is well 
documented, likely a result of the critical role of angiotensin in 
nephrogenesis.

Although less is known regarding offspring of pregnancies 
complicated by diabetes, exposure to transiently high blood 
glucose concentrations may reduce nephron development in rat 
pups. In humans, increased urinary albumin excretion has been 
demonstrated in adult offspring of Pima Indian mothers with 
diabetes, suggesting an early glomerular injury.103 Notably, indi
viduals with a history of hypertension had only 50% as many 
nephrons as those without hypertension.104 The nephron number 
in adult kidneys is correlated to birthweight, with each kilogram 
increase in birthweight associated with an additional 250,000 
nephrons.98 However, these studies could not differentiate age 
or disease-related loss of nephrons compared with developmen
tal origins. Reduced nephron number has been demonstrated in 
the absence of hypertension, indicating that additional processes 
of programmed hypertension may occur independently of a 
reduction in nephron number. Whether a reduced nephron
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number is etiologic o f hypertension, a consequence o f hyper
tension, or a coincident finding may depend upon the 
individual.

SUMMARY

As we continue to learn of the significance and mecha
nisms of developmental programming of adult health 
and disease, the critical consequences of developmental 
windows are increasingly recognized. Programming effects 
may affect development by altering organ size, structure, 
or function. Cellular signaling mechanisms and increas
ingly recognized epigenetic consequences may be highly 
dependent upon the magnitude of the exposure and the 
window of exposure during embryogenesis or organogen
esis. Most importantly, we are only beginning to recognize 
how consequences of prophylactic treatments may alter 
programmed phenotypes. Certainly, it appears there is no 
single mechanism, nor one single developmental window, 
that affects each organ or system development. Conse
quently, the ultimate management of fetuses and newborns 
is likely to be individualized rather than universal. We hope 
to develop a greater understanding of the relative risks and 
benefits of current day obstetric decisions, including 
repeated doses of maternal glucocorticoids, advantages 
versus disadvantages of early delivery of SGA fetuses, use 
of oral hypoglycemic agents that cross the placenta, and 
many other management dilemmas.
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PRENATAL CARE: CHANGING 
THE PARADIGM TO INCLUDE 
THE LIFE-COURSE PERSPECTIVE
Pregnancy and childbirth are major life events. Preconception 
and prenatal care are not only part of the pregnancy continuum 
that culminates in delivery, the postpartum period, and

parenthood, they should also be considered in the context of 
women’s health throughout the life span.1,2 This chapter will 
review pertinent considerations for prenatal care using the 
broader definitions espoused by the U.S. Public Health Service 
and the American College of Obstetricians and Gynecologists 
(ACOG).3’4 Specifically, prenatal care should consist of a series 
of interactions with caretakers, defined as visits and contacts, that
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Chapter 6 Preconception and Prenatal Care 103

includes three components: 1) early and continuing risk assess
ment, 2) health promotion, and 3) medical and psychosocial 
interventions and follow-up.5 The overarching objective of pre
natal care is to promote the health and well-being not only of 
the pregnant woman, fetus, and newborn but also of the family. 
Hence, the breadth o f prenatal care does not end with deliv
ery but rather includes preconception care and postpartum 
care that extends up to 1 year after the infant’s birth.4 Impor
tantly, this introduces the concept o f interconception care 
and the notion that almost all health care interactions with 
reproductive-age women (and men) are opportunities to 
assess risk; promote healthy lifestyle behaviors; and identify, 
treat, and optimize medical and psychosocial issues that 
could impact pregnancy and the lifetime health o f the mother 
and child.

Definition and Goals of Care
National and international societies have recognized the impor
tance o f the continuum of preconception, prenatal, and inter
conception care as a comprehensive public health priority across 
the life span, beginning as early as adolescence, for multiple 
reasons/’' The aim o f preconception care is to promote the 
health o f women before conception in order to reduce pre
ventable adverse pregnancy outcomes by facilitating risk 
screening, health promotion, and effective interventions as 
part o f routine health care.6 As defined by the Centers for 
Disease Control and Prevention (CDC), it includes “interven
tions that aim to identify and modify biomedical, behavioral, 
and social risks to a woman’s health or pregnancy outcome 
through prevention and management, emphasizing those factors 
which must be acted on before conception or early in pregnancy 
to have maximal impact.”6 In ter con cep tion  ca r e  is defined as 
care provided between delivery and the beginning o f the 
woman’s next pregnancy. The term interconception health has 
limited familiarity among many medical providers, with precon
ception care being the term used more often in medical circles 
to refer to care that can maximize parental health before preg
nancy. The term interconception health was coined by the CDC 
as a strategy to optimize parental health between pregnancies by 
addressing disease processes, health behaviors, and environmen
tal hazards causally associated with infant mortality and other 
adverse pregnancy outcomes. During the interconception 
period, intensive interventions are provided to women who 
have had a previous pregnancy that ended in an adverse 
outcome (i.e., fetal loss, preterm birth [PTB], low birth
weight [LBW], birth defects, or infant death).10 M any medical 
conditions among reproductive-age women frequently become 
apparent during pregnancy and may contribute to negative 
birth outcomes in the infant. Hence, interconception care 
typically refers to enhanced interventions after an adverse 
pregnancy outcome.11,12 However, for purposes of this discus
sion, preconception and interconception care are essentially 
interchangeable.

Evidence and Rationale for Paradigm Shift
The evidence and rationale for providing these services are mul
tiple. First, increasing evidence suggests that human health 
status in adulthood is dictated by microenvironmental and mac- 
roenvironmental conditions around the time of conception 
(fetal programing of adult disease; see Chapter 5). Hence, the 
first prenatal visit may be too late to address modifiable behav
iors that could optimize not only pregnancy outcome but the

health of the child and future adult.13'15 A second significant 
contribution to adverse pregnancy outcome is related to con
genital anomalies, PTB, and LBW. Children born with these 
conditions contribute significantly to neonatal and infant mor
tality as well as to family and society health care costs. Patients 
who present at their first prenatal visit, even as early as the 
first trimester, are often too late to initiate behaviors or thera
peutic interventions to prevent developmental abnormalities 
or mitigate risk for LBW and potential preterm delivery. 
Third, almost half o f pregnancies are mistimed, unplanned, 
or unwanted such that women may not be at optimal health 
or practicing ideal health behaviors at the time o f concep
tion, and this is particularly true for adolescents and/or 
low-income women.16'18 Fourth, the proportion of women who 
delay childbearing or get pregnant with significant medical con
ditions is increasing, and specific opportunities exist to optimize 
fertility and pregnancy outcomes as it relates to medication 
management for those planning pregnancy.6’15'20'23 Specifically, 
for those planning pregnancy, preconception/interconception 
visits provide an opportunity for teachable moments, and 
data suggest couples planning pregnancy are more likely to 
change behaviors.1 I U5 Hence, although the functional set 
of services provided during preconception care, prenatal care, 
and interconception care are distinct and should be individual
ized for the patient, operationally—and perhaps politically— 
these clinical visits should be viewed as a continuum of 
comprehensive women’s health services provided across a 
woman’s life span, from menarche to menopause or steriliza
tion.712,2627 Finally, national surveys reveal that 84% of 
reproductive-age women (18 to 44 years) have had a health care 
visit within the past year, which suggests significant opportunity 
to provide preconception counseling, yet data indicate this is not 
being done.27 Although primary care settings and the well- 
woman visit are an ideal time to provide these services, all health 
care practitioners— including but not limited to nutritionists, 
pharmacists, nurses, midwives, physicians in family practice, 
obstetrician-gynecologists, and medical subspecialists— should 
approach every health care encounter with a reproductive-age 
woman as an opportunity to maximize her health and that of 
her future offspring by asking two simple questions: 1) Are you 
pregnant or planning to become pregnant? 2) If not, what are 
you doing to keep from becoming pregnant?

Collectively, these questions are a great segue to the ultimate 
question: W hat is your reproductive life plan? The answers to 
these questions will guide the subsequent health care interaction 
and appropriate preconception or interconception counseling 
and any intervention.11

Components of Preconception Care 
and Well-Woman Visits
A pregnancy or the desire to become pregnant is the sentinel 
event in differentiating preconception, interconception, and 
well-woman care (Fig. 6-1). Preconception care is included as 
a preventive health service in well-woman visits covered by 
the Patient Protection and AiFordable Care Act.27 Barriers to 
more widespread utilization of preconception care include lack 
of provider knowledge and training about essential components 
of preconception care across all specialties.8 Although multiple 
checklists and online assessments exist, a detailed description 
provided by the Select Panel on Preconception Care as part of 
the CD C work groups and the corresponding rationale and 
evidence rating scale has been published, along with a recent
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104 Section II Prenatal Care

update of published validated tools.28,29 The strategy is similar 
to most health care interactions: the provider asks screening 
questions in regard to personal and family history and exposures, 
undertakes health promotion (counseling for risk reduction), 
and provides treatment and/or intervention if specific conditions 
are identified. Table 6-1 lists representative examples of potential 
topic areas pertinent for a preconception care visit, and it gives 
examples of medical conditions that could be optimized prior 
to conception, assuming pregnancy is planned. Ideally, a check
list or questionnaire should be completed prior to seeing the 
clinician, and the patient would raise questions or ask for clari
fication as required. Online and interactive modules are also 
available, and inclusion in electronic medical records (EMRs) 
and sharing across clinical sites should be encouraged.30 Perhaps

TABLE 6-1 PERTINENT TOPICS FOR PRECONCEPTION/INTERCONCEPTION COUNSELING AND OF MEDICAL 
CONDITIONS THAT CAN BE OPTIMIZED WHEN PREGNANCY IS PLANNED

C LIN IC AL CO NDITION CO M M ENT

General Health
Age <18 years: Teenage pregnancy is associated with adverse maternal and familial consequences and increased risk of preterm birth. 

>18 to 34  years: This is the ideal age group, especially if part of the reproductive life plan.
>35 years: Increased genetic risks; increase in complications, risk of cesarean delivery, obstetric morbidity, and mortality; 

general health, not age, should guide recommendations for pregnancy.
Weight Underweight: Advise weight gain before conceiving and/or greater weight gain with pregnancy.

Overweight: Advise weight loss before conceiving; increased BMI is associated with multiple adverse outcomes that include 
pregnancy loss, stillbirth, diabetes, preeclampsia, and cesarean delivery.

Psychiatric/ Neurologic
Depression, anxiety Adjust medications to those most favorable to pregnancy at the lowest possible dose; counsel about fetal echocardiography 

and neonatal withdrawal syndrome for some medications; reassure that risk/benefit profile favors treatment.
Seizure disorders Start folic acid 4 mg when considering pregnancy to decrease risk of NTD; if no seizure in 2 yr, consider trial off

medication; adjust medications to those most favorable to pregnancy to avoid risk of dysmorphic structural malformation 
syndromes; close serum monitoring is required during pregnancy; reassure that risk/benefit profile favors treatment.

Migraines Migraine pattern can change with pregnancy. Most migraine-specific medications are not contraindicated.
Cardiac
Congenital cardiac disease or Coordinate with cardiologist; pregnancy may be contraindicated with some conditions depending on severity (NYHA

valve disease classification) or medications needed.
Coronary artery disease Coordinate with cardiologist.
Hypertension Adjust medications to optimize blood pressure.

Discontinue ACE inhibitors and ARBs; these drugs are associated with congenital abnormalities.
Respiratory
Asthma Optimize treatment regimen per stepped protocol; if steroid dependent, use early ultrasound to evaluate for fetal cleft; advise 

patients at increased risk for gestational diabetes that medications, including steroids, are not contraindicated; emphasize 
that benefits of treatment exceed risks.

Gastrointestinal
Inflammatory bowel disease Optimize treatment regimen, advise that it is ideal to conceive while in remission; some medications have absolute versus 

relative contraindications.
Genitourinary
Uterine malformations Coordinate with reproductive endocrinologist if indicated.
Metabolic/Endocrine
Diabetes Achieve euglycemia before conception (hemoglobin A <7%); dose-dependent relationship regarding risk of congenital 

anomalies with medications; with type 1 and longstanding type 2 diabetes, insulin therapy is best; sulfonylureas are 
usually reserved for gestational diabetes mellitus.

Hematologic
Sickle cell/thalassemia Genetic counseling; advise sickle cell patient that crises can be exacerbated by pregnancy, and a risk of preterm birth/low 

birthweight is present.
History of DVT/PE, known Risk of recurrent DVT/PE requires prophylaxis during pregnancy

hereditary thrombophilias
Infectious
STIs, TORCH, parvovirus Establish risk factors, counsel to avoid infection, and treat as appropriate.
Rheumatologic
SLE It is ideal to conceive while SLE is in remission; some medications may be contraindicated.
Genetic
Known genetic disorder in Genetic counseling, medical records to confirm diagnosis, and evaluation are warranted for prenatal diagnosis or assisted

patient or partner reproduction to avoid inheritance risk based on parents preferences and values.

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; BMI, body mass index; DVT, deep vein thrombosis; NTD, neural tube defect; NYHA, New York Hospital 
Association; PE, pulmonary embolism; 577, sexually transmitted infection; SLE, systemic lupus erythematosus; TORCH, toxoplasmosis, other infections, rubella, cytomegalovirus, herpes.

FIG 6-1 The fluid interconnections among preconception care, 
postpartum/interconception care, and well-woman care.
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Chapter 6 Preconception and Prenatal Care 105

the most essential component of the preconception or well- 
woman visit that needs more consistent and widespread 
implementation and dissemination is the development and 
documentation of an individual’s reproductive life plan.

Reproductive Life Plan: Definition
Files and associates " have defined a reproductive life  plan as 
a “set o f personal goals regarding the conscious decision 
about whether or not to bear children” and ideally, such a 
plan outlines a strategy to achieve those goals. Certain key 
elements should be considered when developing or discussing a 
reproductive life plan. These include 1) the desire or lack of 
desire to have children; 2) parental ages; 3) maternal health and 
coexisting medical conditions; 4) the desired number of children 
and anticipated spacing of children, taking into consideration 
ideal birth-spacing intervals, maternal age, and likelihood of 
fertility; 5) risk tolerance, such as for genetic or medical/obstetric 
complications; 6) family history; and 7) life context (age, school, 
career, partner, readiness for childbearing). Importantly, repro
ductive life plans should be individualized, iterative, and 
addressed initially at menarche, confirmed or modified at 
subsequent health encounters by all care providers, and 
retired with menopause or sterilization. Files and colleagues" 
have provided an algorithm and guidelines for developing a 
reproductive life plan, and convenient online tools have been 
designed for women contemplating pregnancy.31'32 Unfortu
nately, studies indicate that even when women have achieved the 
pregnancy intention stage of readiness, many are still practicing 
preconception behaviors associated with poor pregnancy out
comes, such as poor diet (overweight or underweight), smoking, 
and binge drinking; this suggests a greater need for both one- 
on-one provider-patient interactions and more pervasive social 
media messages.12,26'33 Research has demonstrated that patients 
want to be told this information from their providers, and many 
will respond favorably.34 Further, sharing this information in 
groups, community settings, and in the presence of the partner 
has been shown to increase effectiveness.26 Importantly, repro
ductive life plans should not be lim ited to reproductive-age 
women— the concept is pertinent for adolescent boys and men 
as well. If conception is not anticipated within the year, an 
obvious discussion/intervention includes effective contracep
tion options.

When specific conditions are detected and pregnancy is 
not recommended or intended, reliable contraception should 
be prescribed, and the importance o f compliance should be 
strongly reinforced. Data suggest that many women with 
complex medical problems who are advised against preg
nancy conceive unintentionally and/or do not use contracep
tion because o f low perceived risk o f conceiving.3335 If 
pregnancy is desired, in addition to screening and encouraging 
healthy behaviors, interventions to optimize the medical condi
tion and adjust medications to profiles favorable for pregnancy 
should occur (see Table 6-1 for medical conditions and interven
tions common for preconception care and pregnancy).

PRECONCEPTION HEALTH COUNSELING  
Maternal Age
The average maternal age at first birth has increased steadily 
over the last three decades in developed countries. In 1970, 
the average age o f first childbirth was 24.3, compared with 
27.8 in 2009, the most recent year for which comparable

international data are available.36 rhe United States has one 
of the lowest average maternal ages at first birth (25 years), 
whereas British and German women are delaying motherhood 
longer than anywhere else in the world (30 years). Advanced 
maternal age (AMA) is a contributing factor to maternal mortal
ity. Maternal mortality is defined and the causes are described 
in Chapter 57.

Advanced Maternal Age
W ith advancing maternal age comes an increased likelihood 
of preexisting chronic medical diseases such as arthritis, 
hypertension, and diabetes.37'42 The national Maternity Expe
riences Survey of the Canadian Perinatal Surveillance System42 
found that nulliparous women aged 35 years and over are sig
nificantly more likely to have had a miscarriage or infertility 
treatment, to request or be offered a cesarean delivery (CD), and 
to have a higher rate of CD than primiparous women aged 20 
to 29 years, but they are not at higher risk for PTB, LBW, or 
small-for-gestational-age (SGA) infants. Overall, maternal age 
seems to have little impact on the rate of obstetric complications 
in women in their fourth decade of life. However, women aged 
50 years or more are at increased risk for preeclampsia and ges
tational diabetes mellitus (GDM), and the vast majority of them 
can expect to deliver via CD.37'42 A recent population-based 
register study found that a maternal age of 30 years or older was 
associated with the same number of additional cases of fetal 
deaths as those with comorbid overweight or obesity.43

M any nulliparous women age 40 and over require artificial 
reproductive technology (ART) to become pregnant. For ART 
singleton pregnancies, most studies have demonstrated a similar 
age- and parity-adjusted risk of pregnancy-induced hypertension 
and GDM in in vitro fertilization (IVF) and in controls.44 In 
older women, ART techniques may require oocyte donation, 
which has been associated with increased risks of preeclampsia 
and premature labor. A recent meta-analysis45 has found that the 
overall rate of preeclampsia after oocyte donation is approxi
mately 22%. Furthermore, as a result of ART, the twin birth 
rate to women aged 40 to 44 nearly doubled between 1990 and 
2001, and that of triplets increased fourfold in women 35 years 
and older between 1975 and 1998.46 W ithin this context, in 
particular in older women with a preexisting medical condition, 
a multidisciplinary approach involving a maternal-fetal medi
cine specialist and an obstetrician should be started prior to 
conception.

Teen Pregnancies
Before the development of effective methods of female contra
ception, such as oral contraception and intrauterine devices 
(IUDs), and before access of women to education, late-teenage 
first pregnancy was common around the world. Not surprisingly, 
pregnancy in the late teenage years and early twenties is not 
associated with a major increase in pregnancy complications. A 
recent Swedish survey has found that adolescents are more likely 
to be delivered vaginally than older women and that the risks of 
placenta previa, postpartum hemorrhage (PPH), and perineal 
rupture are lower for adolescents than for adult women.47 Neo
nates of teenage mothers have less fetal distress and meconium 
aspiration but have greater risk of being delivered prematurely. 
This higher risk o f prematurity has been consistently reported 
by other authors and seems to be the only significant obstet
ric risk o f late teen pregnancy.48 However, in modern Western 
societies, adolescent pregnancy is often unplanned and unwanted

ak
us

he
r-li

b.r
u



106 Section II Prenatal Care

and has a negative impact on the physical, emotional, educa
tional, and economic condition of the pregnant teenager. In 
particular, adolescent parenthood is associated with a range 
of adverse outcomes for young mothers, including mental 
health problems such as depression, substance abuse, and 
posttraumatic stress disorder (PTSD).49 Teen mothers are also 
more likely to be impoverished and to reside in communities 
and families that are socially and economically disadvantaged, 
which could be one of the factors that contributes to their higher 
risk of delivering prematurely.

In middle- and low-income countries, higher risks of preterm 
delivery have also been demonstrated for adolescent mothers 
aged 10 to 19 years (see Chapter 57). In addition, their risk of 
eclampsia, puerperal endometritis, emergency CD, PPH, and 
systemic infections is higher compared with mothers aged 20 to 
24 years.50 These worldwide consistent trends stress the impor
tant role of health care workers not only in providing guidance 
for teenagers and their parents, but also serving as health policy 
advocates to influence school and community leadership to 
ensure that all teenagers receive sound sex education in school 
programs and that family planning agencies are permitted to 
counsel teenagers and provide contraception services that include 
medications and devices.

B o d y  M a s s  In d e x
Abnormal maternal weight is an increasingly common complica
tion in developed and developing countries and affects an 
increasing number of women of reproductive age. Maternal 
obesity has become a global issue associated with obstetric, 
surgical, and anesthetic risks and increased risk for acute and 
chronic diseases, both in the mother and in the child; it also 
affects the economic productivity of individuals in the society 
and creates an additional cost burden on the health care system 
(see Chapter 41). Anorexia and bulimia nervosa, once thought 
to be rare eating disorders, have also been increasing because of 
cultural pressure on the drive for thinness in developed countries 
in contrast to longstanding food deprivation in developing 
countries.

Weight Gain
Weight gain during pregnancy has been shown to be an impor
tant predictor of pregnancy outcome (see Chapter 7). Maternal 
weight gain correlates with fetal weight gain and is, therefore, 
closely monitored. Too little weight gain should lead to an evalu
ation of nutritional factors and an assessment of associated fetal 
growth. Excess weight gain is one of the first signs of fluid reten
tion, but it may also reflect increased dietary intake or decreased 
physical activity.

In the United States, the total weight gain recommended in 
pregnancy is 11 to 16 kg (25 to 35 lb) for women at a healthy 
weight.51 Underweight women can gain up to 18 kg (40 lb), but 
overweight women should lim it weight gain to 7 kg (15 lb), 
although they do not need to gain any weight if  they are mor
bidly obese.52 At term, the typical woman gains about 3 to 4 kg 
(7 to 9 lb) from increased tissue fluid volume and fat, 1.5 to
2 kg (3 to 4 lb) from increased blood volume, 0.5 to 1 kg (1 to
2 lb) from breast enlargement, 1 kg (2 lb) from enlargement of 
the uterus, 1 kg or 1 L (2 lb) from amniotic fluid, 2.7 to 3.6 kg 
(6 to 8 lb) for the fetus, and 0.5 to 1 kg (1 to 2 lb) of placental 
weight. Usually, 1.4 to 2.7 kg (3 to 6 lb) are gained in the first 
trimester, and 0.2 to 0.6 kg (0.5 to 1 lb) per week are gained 
during the last two trimesters of pregnancy.

If the patient does not show a 4.5 kg (10 lb) weight gain 
by mid pregnancy, her nutritional status should be reviewed. 
Inadequate weight gain is associated with an increased risk of 
an LBW infant. Inadequate weight gain seems to have its 
greatest effect in woman at a healthy weight or those who are 
underweight before pregnancy. Underweight mothers must gain 
more weight during pregnancy to produce infants of normal 
weight. In overweight and obese women, weight loss or gain of
11 lb (5 kg) or less is associated with increased risk of an SGA 
infant and decreased neonatal fat mass, lean mass, and head 
circumference.53

When excess weight gain is noted, patients should be 
counseled to avoid foods that are high in fats and carbohy
drates, to limit sugar intake, and to increase their physical 
activity. Rapid weight gain requires an assessment for fluid 
retention. Factors that contribute to excessive weight gain during 
pregnancy include high fat and low fiber intake, high carbohy
drate or sugar intake, and decreased physical activity during 
pregnancy. Several small studies suggest that monitoring weight 
gain, quantity of food consumed, and physical activity com
bined with behavioral counseling can lim it weight gain during 
pregnancy and promote postpartum weight loss. However, larger 
randomized controlled trials are needed to demonstrate long
term effectiveness.54

Dietary and lifestyle interventions in pregnancy can reduce 
maternal gestational weight gain and improve outcomes for both 
mother and baby.55 Among the interventions, those based on 
diet are the most effective and are associated with reductions 
in maternal gestational weight gain and improved obstetric 
outcomes.

Weight gain and weight retention after pregnancy is a risk 
factor for subsequent obesity.23 56 Thus postpartum weight loss 
should be encouraged. Women who resumed their prepregnancy 
weight by 6 months postpartum gained only 2.4 kg (5 lb) over 
the next 10 years compared with 8.3 kg (18 lb) for women who 
retained weight after delivery.57 Weight retention between the 
first and second pregnancy is associated with an increased risk 
for perinatal complications, even in underweight and normal- 
weight women.58

Stabilizing interpregnancy weight appears to be an important 
target in order to avoid adverse perinatal outcomes in a second 
pregnancy. Although clinicians have focused on teaching women 
that appropriate weight gain is important for pregnancy, the 
concomitant importance of postpartum weight loss has not been 
given equal attention.24,59,60 A recent meta-analysis on the effect 
of diet, exercise, or both for weight reduction in women after 
childbirth has found that both diet and exercise together and 
diet alone help women lose weight after childbirth.61 The authors 
also concluded that this needs confirmation in large trials of high 
methodologic quality.

Overweight and Obesity
Sixty-five percent of Americans are overweight (body mass index 
[BMI] >25 kg/m2) or obese (BMI >30 kg/m2).62 Pregestational 
weight gain or obesity and excessive gestational weight gain are 
now well-established independent risk factors for maternal-fetal 
complications and long-term risks in adult life for the child. The 
selected risks include increased miscarriage, congenital anoma
lies, hypertensive disorders, GDM, macrosomia, and delivery 
complications that include instrumental delivery, shoulder 
dystocia, emergency CD, PPH, venous thromboembolism 
(VTE), anesthetic complications, and wound infections.63,64 In
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overweight and obese women, the adjusted odds ratio (OR) is 
2.04 (95% confidence interval [C l], 1.41-2.95) for cesarean 
delivery for an interpregnancy weight retention of 2 or more 
BMI units.65 Being overweight or obese before pregnancy is also 
associated with a higher risk of fetal loss.66 In women who are 
overweight or obese at 18 years, losing 4 kg or more before 
pregnancy is associated with a lower risk of fetal loss.66

Maternal obesity is a key predictor of childhood obesity and 
metabolic complications in adulthood. The children of women 
who are overweight or obese during pregnancy are also at 
increased risk for cognitive deficits, externalizing problems (par
ticularly attention-deficit/hyperactivity disorder), and internal
izing psychopathology in childhood and adolescence.67

Emerging evidence supports the role of first microbial con
tacts in promoting and maintaining a balanced immune response 
in early life, and recent findings suggest that microbial contact 
begins prior to birth and is shaped by the maternal microbiota 
(see Chapter 3). Although the mechanisms remain unclear, post
natal maturation of immune regulation seems to be largely 
driven by exposure to microbes, and the gastrointestinal tract is 
the largest source of microbial exposure.68 Early exposures that 
impact the intestinal microbiota are associated with the develop
ment of childhood diseases that may persist into adulthood 
such as asthma, allergic disorders (atopic dermatitis, rhinitis), 
chronic immune-mediated inflammatory diseases, type 1 diabe
tes, obesity, and eczema.68'69 Breast m ilk samples from obese 
mothers tend to contain a different and less diverse bacterial 
microbiota compared with m ilk from those at a healthy weight.70 
The gut microbiome can rapidly respond to altered diet, poten
tially facilitating the diversity of human dietary lifestyles.65 
Alterations in the bacterial composition of the mother have been 
shown to affect the development and function of the gastroin
testinal tract o f her offspring.68,69 Thus prepregnancy strategies 
to modify the microbiota of future mothers may prove to be a 
safe and effective target for interventions to decrease the risk of 
allergic and noncommunicable diseases in future generations.

Underweight
Prepregnancy underweight and insufficient gestational weight 
gain have been considered as individual risk factors for the 
occurrence of miscarriage, PTB, intrauterine growth restriction 
(IUGR), and hypertensive disorders.71 A recent systematic 
review and meta-analysis72 has shown that the birthweight 
of children of mothers with anorexia nervosa is lower by
0.19 kg compared with children of mothers at a healthy weight 
A population study from the same authors has also shown that 
eating disorders are associated with increased odds of receiving 
fertility treatment and subsequent twin births.73 Women 
with anorexia nervosa were more likely to have an unplanned 
pregnancy and to have mixed feelings about the unplanned 
pregnancy.

In underweight women and in those at a healthy weight, the 
risk for macrosomia can be halved if  women lost more than 1 
BMI unit between pregnancies, but at the same time, the risk 
for LBW doubled.65

Pregnancy After Bariatric Surgery
Pregnancy after bariatric surgery appears to effectively reduce 
the risk of complications such as fetal macrosomia, GDM, 
and hypertensive disorders of pregnancy (see Chapters 25 and 
41).74 77 Women who become pregnant after bariatric surgery 
may constitute a unique obstetric population with an increased

risk of severe deficiencies in iron, vitamin A, vitamin B12, vitamin 
K, folate, and calcium; these deficiencies can result in both 
maternal complications such as severe anemia and fetal compli
cations such as congenital abnormalities, IUGR, and failure to 
thrive.76 Less invasive techniques, such as laparoscopic adjustable 
gastric banding, do not appear to increase the rate of small 
neonates seen with other bariatric surgery procedures.77 Close 
supervision before, during, and after pregnancy following bar
iatric surgery and nutrient supplementation adapted to the 
patient’s individual requirements can help to prevent nutrition- 
related complications and can improve maternal and fetal health 
in this high-risk obstetric population.

Infections and Immunizations
Primary care, preventative health, and well-women visits are 
ideal settings in which to screen and counsel women about 
sexually transmitted infections (STIs) such as syphilis, gon
orrhea, chlamydia, and human immunodeficiency virus 
(HIV) in addition to toxoplasmosis, other infections, rubella, 
cytomegalovirus, and herpes (TORCH) infections. It is also 
an ideal time to confirm and update immunization status (see 
Chapters 52, 53, and 54). Patients who are sexually active should 
be counseled about the importance of condoms to prevent STIs 
(irrespective of other contraceptive methods), and they should 
be screened for STIs based on age and geographic prevalence as 
per national guidelines. 8 9

Toxoplasmosis screening based on risk factors may be indi
cated at this time because approximately one fourth of the U.S. 
population is infected.80 Patients who have negative screens are 
at risk for congenital toxoplasmosis and should be counseled to 
avoid risks such as contact with infected cats and ingestion of 
raw or undercooked meat. Immunocompetent patients who 
screen positive can be reassured of low risk with regard to fetal 
loss or stillbirth; although rare, reports of congenital infection 
after previous infection have been described.81 A prospective 
analysis of the population risks and benefits to substantiate 
routine screening for and education about toxoplasmosis has not 
been done in the United States. However, proponents argue a 
theoretic benefit based on treatment availability, extrapolated 
epidemiologic data from some European countries (France, 
Belgium, Austria) where screening is widespread, and the preva
lence of congenital infection comparable to other congenital 
diseases that are currently screened for by mandate, such as 
phenylketonuria and congenital hypothyroidism.82 The screen
ing for toxoplasmosis could be performed once at the beginning 
of pregnancy to provide patients with the information on mea
sures to prevent acquiring the infection during pregnancy, such 
as avoiding raw vegetables and meat or freezing meat before 
consumption.

Approximately 50% to 80% of reproductive-age women have 
evidence of prior cytomegalovirus (CMV) infection, and suscep
tible women (e.g., child care workers and women with small 
children in day care) should be counseled about the importance 
of hand hygiene after contact with toys, saliva, and urine as a 
preventive measure. Risk of vertical transmission is more likely 
after primary infection, and current treatment options are 
limited. Routinely screening for CM V to enhance awareness and 
encourage prevention practices in at-risk mothers is performed 
in a few European countries (France, Belgium) but is currently 
not endorsed in the United States.83 Likewise, women with 
primary or recurrent herpes should be informed about the ben
efits of prophylactic antiviral suppression in the third trimester
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to decrease risk of vertical transmission and the need for cesarean 
delivery.84

All reproductive-age women should be current with immu
nizations recommended by the Advisory Committee on 
Immunization Practices (ACIP) and the CDC. This is the 
time to draw and document protective titers for rubella, 
varicella, and hepatitis B and to immunize the susceptible 
patient. Patients should use contraception for up to 3 months 
following immunizations with live vaccines. If the woman con
ceives and is expected to deliver during flu season, she should 
be counseled to receive the influenza vaccine to decrease disease 
severity for her. She should be given the tetanus, diphtheria, and 
pertussis (Tdap) vaccine in late pregnancy (27 to 36 weeks) to 
provide passive immunity for the newborn.^

Genetic and Family History
The time to screen appropriate populations for genetic 
disease-carrier status and multifactorial congenital malfor
mations or familial diseases with major genetic components 
is before pregnancy. If patients screen positive, referral for 
genetic counseling is indicated, and consideration of addi
tional preconception options may be warranted including 
donor egg or sperm, ART after preimplantation selection, pre
natal genetic testing after conception, or adoption (see Chapter 
10).86 Certain diseases may be related to race/ethnicity or geo
graphic origin. Patients of African, Asian, or Mediterranean 
descent should be screened for the various heritable hemoglo
binopathies (sickle cell disease, a -  and (3-thalassemia). Patients 
of Jewish and French-Canadian heritage should be screened for 
Tay-Sachs disease, Canavan disease, and cystic fibrosis. In the 
United States, it has been suggested that cystic fibrosis screening 
be offered to all couples planning a pregnancy or seeking prena
tal testing.8 Resolution of these issues during the preconception 
period is much easier and less hurried without the time limits 
placed by an advancing pregnancy. The age of the father is also 
important because genetic, structural, behavioral, or cognitive 
risks to the child may exist when the father is older; this empha
sizes the importance of a reproductive life plan for men as well 
as women.88 8'1

Substance Abuse and Other Hazards
In the general population, fetal and neonatal exposures to drugs 
and other toxins are often the consequence of the lifestyle 
choices of the parents, with exposure to tobacco smoke and 
alcohol among the most pervasive and easily documented. 
Smoking and use o f alcohol and drugs by pregnant women 
are all harmful to the developing fetus, but because these 
substances are often used in combination, teasing apart the 
specific contributions o f each substance to adverse child out
comes can prove difficult when analyzing epidemiologic data 
(see Chapter 8). Overall, the risks to the neonate include 
IUGR, birth defects, altered neuropsychological behavior, 
and, for some drugs, withdrawal symptoms. Subsequent 
behavior, development, and neurologic function may also be 
impaired by behaviors that occurred during the preconcep
tion period. Consideration of socioeconomic inequalities in 
unplanned pregnancy is important in assessing the impact of a 
specific toxic substance on the developing fetus, because expo
sure may precede pregnancy recognition. A U.S. study of 
reproductive-age nonpregnant women looked at the prevalence 
of behavioral risk factors individually and in combination.90 One 
third of the women had at least one risk factor, and 19% had

two or more risk factors, which confirms the opportunity for
• • 90preconception care to mitigate outcomes.

Active and Passive Smoking
In many countries, smoking has replaced poverty as the most 
important risk factor for PTB, IUGR, and sudden infant death 
syndrome (SIDS).91 Cigarette smoke contains scores of toxins 
that exert a direct effect on placental and fetal cell proliferation 
and differentiation.92 The use of or exposure to tobacco products 
by pregnant women is associated more specifically with placenta 
previa, placental abruption, placenta accreta, pregnancy bleed
ing of unknown origin, and preterm premature rupture of mem
branes. Smoking is linked to a reduction of weight, fat mass, 
and most anthropometric parameters in the fetus; in the pla
centa, it is linked with alterations in protein metabolism and 
enzyme activity.92 The transplacental induction of genetic altera
tions by tobacco smoke carcinogens and their implication to 
childhood diseases remain poorly understood.93 However, epi
demiologic studies support a relationship between maternal 
smoking during pregnancy and adverse neurobehavioral effects 
for her offspring later in life.94 Prenatal exposure to tobacco 
seems to increase the risks for cognitive deficits, attention- 
deficit/hyperactivity disorder, conduct disorder, crim inality in 
adulthood, and a predisposition in the offspring to start smoking 
and to abuse alcohol. A direct, specific action on the developing 
human brain is plausible during the major part of prenatal life 
because the nicotinic receptors are already present in the brain 
during the first trimester. The long-term effects of passive and 
active smoking during pregnancy on childhood or adulthood 
diseases, including respiratory and cardiovascular disease and 
cancer, are only starting to emerge from large epidemiologic 
studies.93

In spite of these well-established negative consequences, epi
demiologic studies have shown that, depending on the patient 
population, 20%  to 50% o f pregnant women smoke or are 
exposed to passive smoking. In many industrialized countries, 
prevalence rates of women actively smoking appear to have 
peaked and have begun to decline, whereas in other countries, 
smoking is becoming increasingly common among young 
women.91 Smoking during pregnancy has been linked to high 
health care costs, and it accounted for approximately $250 
million in direct medical costs each year in the United States at 
the end of the last decade.95,96 The complications with the largest 
smoking-attributable cost were LBW and lower respiratory tract 
infection. More than a decade ago, it was calculated that an 
annual drop of 1 percentage point in smoking prevalence among 
pregnant women would prevent the delivery of 1300 LBW 
infants and would save $21 million in direct medical costs 
during the first year of the program.96 Smoking during preg
nancy has been recognized as the most important modifiable risk 
factor associated with adverse perinatal outcomes. Because most 
of the placental and fetal damage is done in the first trimester 
of pregnancy, helping women to quit smoking before 
conceiving should be a primary objective in prepregnancy 
counseling.

Alcohol
Alcohol is a well-established teratogen, and alcohol used 
during pregnancy can lead to fetal alcohol syndrome (FAS), 
which includes specific morphologic features, such as micro
cephaly, and long-term abnormal neuropsychological out
comes. The main issue with alcohol use during pregnancy is
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that no amount o f alcohol consumption has been found to 
be safe during pregnancy; this can explain the blanket policy 
advice of many national departments of health that support total 
alcohol abstinence during pregnancy. There is no doubt that 
heavy or binge drinking is detrimental to fetal development in 
utero and that it has long-term negative effects on the offspring’s 
cognition and behavior. A systematic review97 of obstetric out
comes that included miscarriage, stillbirth, IUGR, prematurity, 
SGA infants, and birth defects including FAS found no convinc
ing evidence of the adverse effects of prenatal alcohol exposure 
at low to moderate levels of exposure. A recent systematic review 
of child neuropsychological outcomes found a detrimental asso
ciation between moderate prenatal alcohol exposure and child 
behavior and between mild-to-moderate prenatal alcohol expo
sure and child cognition.98 A recent prospective follow-up study 
has also shown that intake of 15 to 21 drinks per week on 
average prior to pregnancy is not associated with abnormal 
neurophysiological outcome at 5 years of age, but intake of 22 
or more drinks per week is associated with lower intelligence 
quotient (IQ) and lower attention scores.99 These data support 
the concept of prepregnancy support to reduce or quit alcohol 
consumption for women planning a pregnancy. Regular screen
ing for alcohol use should be carried out using such tools as the 
Tolerance-Annoyance, Cut-Down, Eye-Opener (T-ACE) ques
tionnaire100 (see Chapter 8) or other simple screening tools, and 
appropriate directed therapy should be made available to those 
women who screen positive.

Other Substance Abuse
Substance abuse in pregnancy (see Chapter 55) has increased 
over the past three decades, and it has been recently estimated 
that approximately 225,000 infants yearly in the United States 
are exposed prenatally to illicit substances.

Cannabis is the most commonly used illicit substance in the 
United States, predominantly for its pleasurable physical and 
psychotropic effects. Four states and the District of Columbia 
have now made recreational use of Cannabis legal, and this topic 
has gained national attention. It has been shown that Cannabis 
use can lead to IUGR and withdrawal symptoms in the neonate. 
A recent case-control study has also found that Cannabis use, 
cigarette smoking, illicit drug use, and apparent exposure to 
second-hand cigarette smoke separately or in combination 
during pregnancy were associated with an increased risk of 
stillbirth. In longitudinal studies, fetal Cannabis exposure has 
been associated with negative effects on intellectual outcome.

Cocaine use in pregnancy can lead to spontaneous abortion, 
PTB, placental abruption, and preeclampsia. Although fetal 
cocaine exposure has been linked to numerous abnormalities in 
arousal, attention, and neurologic and neurophysiological func
tion, most such effects appear to be self-limited and restricted 
to early infancy and childhood. Neonatal issues include poor 
feeding, lethargy, and seizures.

Poor obstetric outcomes can be up to six times higher in 
patients who abuse opiates such as heroin and methadone. 
Opiate exposure elicits a well-described withdrawal syndrome 
that affects central nervous, autonomic, and gastrointestinal 
systems; this effect is most severe among methadone-exposed 
infants.

Amphetamine use can lead to congenital anomalies and 
other poor obstetric outcomes. Methamphetamine use in par
ticular is an escalating problem worldwide because it is the only 
illegal substance that can be made from legally obtained

over-the-counter cold medications. It is a powerful stimulant 
with a long half-life that crosses the placenta and concentrates 
in breast milk. Although evidence of an increased risk of con
genital anomalies has been inconsistent, studies have consis
tently demonstrated an association between amphetamines and 
late/no prenatal care, maternal psychiatric disorders, homeless
ness, IPV, LBW and SGA infants, IUGR, neonatal intensive care 
unit (NICU) admissions, and childhood neurodevelopmental 
abnormalities. Maternal deaths from severe hypertension, tachy
cardia, and cardiac decompensation have also been reported.

Mothers who use illicit drugs require specialized prenatal care, 
and the neonate may need extra supportive care. Once recog
nized, a specialized approach can lead to improved maternal and 
neonatal outcomes. A similar multidisciplinary approach that 
includes access to rehabilitation centers is essential to help future 
mothers with an addiction quit before starting a pregnancy.

Intimate Partner Violence
Violence against women is increasingly recognized as a problem 
that should be addressed, and reports suggest that abuse occurs 
during 3% to 8% of pregnancies. Questions that address per
sonal safety and violence should be included during the prenatal 
period, and tools such as the Abuse Assessment Score are 
recommended.

Mercury Exposure
Data regarding the accumulation o f mercury in fish has led 
to warnings advising pregnant women to avoid or decrease 
fish consumption. In the United States, all 50 states have rec
ommended limits on the ingestion of locally caught fish for 
pregnant women and children. Mercury is neurotoxic and has 
been associated with a dose-dependent impact on neurologic 
development. Approximately 5% to 8% of pregnant women 
may have mercury levels above the recommended amount, and 
increased awareness of the risks associated with mercury has led 
to decreased consumption or elimination of fish from the diets 
of many pregnant women. Unfortunately, the harms of mercury 
are counterbalanced by the benefits of omega-3 fatty acids found 
in fish that include decreased LBW and PTB, an increase in 
visual acuity, and higher performance on developmental tests 
and higher IQ  scores in offspring. It is unclear whether dietary 
supplements are similarly beneficial because the stability and 
bioavailability varies and has not been well characterized. The 
U.S. Environmental Protection Agency (EPA) has attempted to 
clarify these mixed messages by recommending that reproductive- 
age women, pregnant women, and children eat a variety of fish 
two or three times a week (4 to 6 oz per serving) but that they 
should avoid eating fish with a high mercury content (king 
mackerel, shark, swordfish, and dlefish).

Occupational Hazards and Environmental Exposures
Occupational hazards should be identified. If a patient works in 
a laboratory with chemicals or in agriculture around a lot of 
pesticides, for example, she should be advised to identify poten
tial reproductive toxins and lim it her exposure. This is an active 
area of research, and several online resources are available for 
information about potential environmental and occupational 
teratogens. Patients whose occupations require heavy physical 
exercise or excess stress should be informed that they may need 
to decrease such activity later in pregnancy because both have 
been associated with an increased risk of PTB and reduced fetal 
growth in observational studies.
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ENVIRONMENTAL EXPOSURES
A study based on the National Health and Nutrition Exami
nation Survey demonstrated that all pregnant women are 
exposed to and have detectable levels o f chemicals that can 
be harmful to reproduction or human development. Because 
exposure to environmental agents can be mitigated or pre
vented, it is important for women to be made aware o f known 
toxic substances and to be informed as to how to access 
resources to gain additional information. Environmental con
tributors to reproductive health begin in utero and are influ
enced by social, physical, nutritional, and chemical agents. Lead 
has historical significance, but more recent concerns are related 
to mercury, phthalates, perchlorates, pesticides, and bisphenol 
A (BPA; see Chapter 8). These agents are considered endocrine- 
disrupting chemicals that interfere with cellular proliferation or 
differentiation and result in altered metabolic, hormonal, or 
immunologic capabilities. For example, pesticides are used 
widely in agriculture and household settings, with an estimated 
1.2 billion lb per year of active ingredients used in the United 
States. These chemicals have been associated with impaired cog
nitive development and fetal growth and increased risk of child
hood cancers. BPA is commonly found in plastics used for food 
and beverage products and packaging and has been associated 
with recurrent miscarriages and aggression and hyperactivity in 
girls. Primary care physicians can play an important role by 
providing guidance to women about how to avoid toxic expo
sures at home and in the community, and they can help educate 
patients by referring them to online resources.

Screening for Chronic Disease, Optimizing 
Care, and Managing Medication Exposure
Clear evidence shows that for some conditions—such as dia
betes mellitus, phenylketonuria, and inflammatory bowel 
disease— medical disease management before conception can 
positively influence pregnancy outcome. Medical manage
ment to normalize the intrauterine biochemical environment 
should be discussed with the patient, and appropriate man
agement plans should be outlined before conception; advice 
can also be given about avoiding specific medications in the 
first trimester (e.g., isotretinoin). Table 6-1 gives examples of 
general health and medical conditions by organ system that can 
be optimized by preventing pregnancy until it can be planned 
and then adjusting medication type or dose to minimize terato
genicity or impact on neonatal development.

PRENATAL CARE 
Components of Prenatal Care
Recent guidelines to address the content and efficacy of prenatal 
care have focused on the medical, psychosocial, and educational 
aspects of the prenatal care system. Prenatal care satisfies the 
definition o f primary care from the Institute o f Medicine as 
“integrated, accessible health care services by clinicians who 
are accountable for addressing a large majority o f personal 
health care needs, developing a sustained partnership with 
patients, and practicing in the context o f family and com
munity.” Prenatal care satisfies other criteria for primary care in 
that it is comprehensive and continuous and offers coordinated 
health care. Hence, prenatal care provides additional opportuni
ties to advance wellness and prevention. It is another opportu
nity to introduce and reinforce habits, knowledge, and life-long 
skills in self-care, health education, and wellness to inculcate

principles of routine screening, immunization, and regular 
assessment for psychological, behavioral, and medical risk 
factors. Phelan24 argues that clinicians are not taking advantage 
of pregnancy as a “teachable moment”— a naturally occurring 
life transition that motivates people to spontaneously adopt 
risk-reducing behaviors. If health and habits are not optimized 
during the preconception period, pregnancy qualifies as a 
teachable moment because it meets the following criteria 
proposed by McBride^1 and colleagues:
• Perception of personal risk and outcome expectancies is 

increased.
• The perceptions are associated with strong affective or emo

tional responses.
• The event is associated with a redefinition of self-concept or 

social role.
Education about pregnancy, childbearing, and childrearing is 

an important part of prenatal care, as are detection and treat
ment of abnormalities. However, more recently, contemporary 
models of prenatal and childbirth education have been criticized 
because research has not shown a strong association between 
class attendance and childbirth experiences or parenting expecta
tions. In fact, among first-time mothers, a decline in childbirth 
class attendance has been observed, from 70% in 2002 to 56% 
in 2005.

High-Tech Versus Low-Tech Care
Historically, the primary goal of prenatal care was to minimize 
maternal and neonatal mortality. However, new technology has 
been introduced to assess the fetus antepartum that includes 
electronic fetal monitoring, sonography, prenatal diagnosis, and 
other in utero interventions with the fetus emerging as a patient 
in utero. Prevention o f morbidity and mortality is now the 
goal. This has made the task of prenatal care more complex 
because mother and fetus now require an increasingly sophisti
cated level of care. At the same time, pregnancy is basically a 
physiologic process, and the healthy pregnant patient may not 
benefit from application of advanced technology; that is, she 
may receive poor quality care as a result of misuse or overutiliza
tion of the health care system.

Prenatal care can be provided at a variety of sites that range 
from the patient’s home to the physician or midwife’s private 
office to a public health or hospital clinic. Obstetricians must 
optimize their efforts by resourceful use o f other profession
als and support groups that include nutritionists, childbirth 
educators, public health nurses, nurse practitioners, family 
physicians, nurse midwives, and specialty medical consul
tants. Most pregnant women who are healthy and have normal 
pregnancies can be followed by an obstetric team that includes 
nurses, nurse practitioners, and nurse-midwives in addition to 
the obstetrician. These women should be cared for by practitio
ners who have adequate time to spend on patient education and 
parenting preparation, while physicians can appropriately con
centrate on complicated problems that require their medical 
skills. This also provides for improved continuity of care, which 
is recognized as extremely important for patient satisfaction.

No prospective controlled trials have demonstrated the effi
cacy of prenatal care overall. Two documents that have addressed 
the content and efficacy of prenatal care have suggested changes 
in the current prenatal care system. Since publication of these 
recommendations, several well-designed randomized clinical 
trials and cost-benefit analyses have been reported using alterna
tive visit schedules. No difference was evident in outcomes for
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patients who underwent a reduced frequency o f visits as 
measured by rates o f PTB and LBW, and the reduced fre
quency model was shown to be cost effective. Although fewer 
visits were associated with decreased maternal satisfaction 
with care, as well as increased maternal anxiety, studies 
support the concept o f reduced antenatal visits for selected 
women.

Efficacy of prenatal care also depends on the quality of care 
provided by the caretaker. If a blood pressure is recorded as 
“elevated,” and no therapeutic maneuvers are recommended, the 
outcome will remain unchanged. Recommendations must be 
made and must be carried out by the patient, whose compliance 
is essential to alter outcome. Using national survey data, Kogan 
and colleagues reported that women received only 56% of the 
procedures and 32% of the advice recommended as part of 
prenatal care content, whereas poor women and black women 
received even fewer of the recommended interventions. Site of 
care was also an important determinant, suggesting that infra
structure must be geared to address population-specific needs.

Risk Assessment
The concept of risk in obstetrics can be examined at many levels. 
Ail the problems that arise in pregnancy, whether common 
complaints or more hazardous diseases, convey some risk to 
the pregnancy depending on how they are managed by the 
patient and her care provider. Risk assessment has received 
detailed attention in the past. It has been shown that most 
women and infants who suffer morbidity and mortality will 
come from a small segment o f those with high-risk factors; 
by reassessing risk factors before pregnancy, during preg
nancy, and again in labor, the ability to identify those at 
highest risk increases. Most of the emphasis for screening, risk 
assessment, and associated trials for therapeutic interventions 
have focused primarily on preeclampsia and PTB prevention. 
Table 6-2 lists representative examples of other clinical condi
tions that have been proposed to be included as part of routine 
screening and risk assessment during the antepartum period 
since 1989. Although commonly included as part of current 
routine screening programs, few of these screening programs 
were implemented as a result of evidence-based criteria, such as

those proposed by the U.S. Preventive Services Task Force 
(USPSTF). Most have been utilized as a result of expert or 
consensus opinion, cost-benefit, or risk-management decisions.

Initial Prenatal Visit
It is important to individualize patient care and to be thorough. 
Therefore the initial visit should include a detailed history along 
with physical and laboratory examinations.

Social and Demographic Risks
Low socioeconomic status should be identified, and attempts to 
improve nutritional and hygienic measures should be under
taken. Appropriate referral to federal programs— such as for the 
Special Supplemental Nutrition Program for Women, Infants, 
and Children (W IC)— and to public health nurses can have real 
benefits. If a patient has a history of a previous neonatal death, 
stillbirth, or PTB, records should be carefully reviewed so that 
the correct diagnosis is made and recurrence risk is appropriately 
assessed. A history of drug abuse or recent blood transfusion 
should be elicited. The history of medical illnesses should be 
detailed, and records should be obtained if  possible. A rapid 
procedure for diagnosing mental disorders in primary care 
may be useful in pregnancy. If appropriate, patients should be 
screened and treated for depression.

Medical Risk
Family history of diabetes, hypertension, tuberculosis, seizures, 
hematologic disorders, multiple pregnancies, congenital abnor
malities, and reproductive loss should be elicited. Often, a family 
history of mental retardation, birth defects, or genetic traits is 
difficult to elicit without formal genetic counseling or question
naires; nonetheless, these areas should be emphasized at the 
initial history. A better history may be obtained if patients are 
asked to fill out a preinterview questionnaire or history form. 
Any significant maternal cardiovascular, renal, or metabolic 
disease should be defined. Infectious diseases such as urinary 
tract disease, syphilis, tuberculosis, or herpes genitalis should be 
identified. Surgical history with special attention to any abdomi
nal or pelvic operations should be noted. A history of previous 
cesarean delivery should include indication, type of uterine

TABLE 6-2 COMPARISON OF DIFFERENT RECOMMENDATIONS REGARDING VISIT FREQUENCY AND PROPOSED 
CLINICAL INTERVENTIONS FOR PRENATAL CARE FOR LOW-RISK WOMEN

EXPERT PANEL EXPERT PANEL
WEEK OF GESTATION ACOG 1997 NP WOMAN MP WOMAN CLINICAL INTERVENTION

1-4 X X Preconception counseling, dating
5-8 X X X ■ Dating
9-12 X X Dating; nuchal translucency; serum marker

13-16
screening for aneuploidy

X X X
17-20 X AFP/multiple marker screening; ultrasound
21-24 X
25-28 X X X Glucose tolerance test
31-32 X X X Childbirth education, risk assessment
35-36 X X X GBS growth
37 X X Risk assessment
38 X X Risk assessment
39 X
40 X X Risk assessment
41 X X X Postterm evaluation

Modified from Gregory KD, Davidson E. Prenatal care: who needs it and why? Clin Obstet Gynecol. 1999;42:725-736. 
AFP, alpha-fetoprotein; GBS, group B Streptococcus; MP, multiparous; NP, nulliparous.
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incision, and any complications; in addition, a copy of the surgi
cal report may be informative. Allergies, particularly drug aller
gies, should be prominent on the problem list.

Obstetric Risk
Previous obstetric and reproductive history is essential to 
optimizing care in subsequent pregnancies. The gravidity and 
parity should be noted with the outcome for each prior preg
nancy recorded in detail. Previous miscarriages and documenta
tion about the gestational age at the time of the loss is important; 
these not only confer risk and anxiety for another pregnancy 
loss, they can be associated with an increased risk for genetic 
disease and PTB.

Previous preterm delivery is strongly associated with recur
rence; therefore it is important to delineate the events that 
surrounded the PTB. Did the membranes rupture before 
labor? Were painful uterine contractions present? Was there 
any bleeding? Were any fetal abnormalities evident? W hat was 
the neonatal outcome? All these questions are vital in determin
ing the etiology and prognosis of the condition, although spe
cific recommendations will vary and the efficacy of routine 
prevention programs is not clear. In patients with a previous 
premature delivery from preterm labor or premature rupture of 
the membranes (PROM), progesterone administration reduces 
the risk of recurrence. Cervical insufficiency and uterine anoma
lies are all conditions that may be known from a previous 
pregnancy.

After all the specific inquiries, it is recommended that the 
patient be asked a few simple questions: What important 
items haven’t I asked? W hat concerns or questions do you 
have? Leaving time for open-ended questions is the best way 
to complete the initial visit.

Physical and Laboratory Evaluation
Physical examination should include a general physical examina
tion and a pelvic examination. Baseline height and weight, pre
pregnancy weight, and vital signs are recorded. Any physical 
finding that might have an impact on pregnancy or that might 
be affected by pregnancy should be defined. It is particularly 
important to perform and record a complete physical examina
tion at this initial visit because in the absence of specific prob
lems or complaints, less emphasis will be placed on nonobstetric 
portions of the examination as pregnancy progresses. Documen
tation of baseline vital signs, cardiac examination, and other 
physical findings is important prior to the expected physiologic 
changes that will occur over time.

A pelvic examination should be performed in early pregnancy. 
Cervical cytology, if  indicated, and testing for Neisseria gonor- 
rhoeae and Chlamydia trachomatis are done. Bacterial vaginosis 
should be recognized. Bimanual exam should focus on the 
uterine size and the presence of palpable adnexal masses. The 
cervix should be carefully palpated, and any deviation from 
normal should be noted. Clinical pelvimetry should be per
formed with the clinical impression of adequacy noted (see 
Chapter 12). The exam may be limited by examiner skill and 
patient variation (e.g., obesity). Most practitioners perform an 
ultrasound in the first and/or second trimester, which confirms 
dating and should also evaluate for the presence of uterine or 
adnexal pathology A detailed description of gestational age 
determination utilizing ultrasound is provided in Chapter 9.

Basic laboratory studies are routinely performed. Some studies 
need not be repeated if  recent normal values have been obtained,

such as at a visit following a preconceptional visit or a recent 
gynecologic or infertility examination. Blood studies should 
include Rh type and screening for irregular antibodies, hemo
globin level, or hematocrit and serologic tests for syphilis and 
rubella. A urine sample should be obtained and tested for abnor
mal protein and glucose levels. Screening for asymptomatic bac- 
teriuria has been traditionally done by urine culture, but 
screening may be simplified by testing for nitrites and leukocyte 
esterase. Tuberculosis screening should also be performed in 
areas of disease prevalence. Multiple options exist for aneuploidy 
screening and/or diagnosis depending on when women present 
for prenatal care (see Chapter 10).

The laboratory evaluations outlined above are the minimum 
standard tests; specific conditions will require further evaluation. 
A history of thyroid disease w ill lead to thyroid function testing. 
Anticonvulsant therapy requires measurement of blood levels of 
medication to determine if  the appropriate dose is being used. 
The importance of compliance with dosing and serial evaluation 
of serum blood levels should be emphasized; for example, both 
thyroid medications and anticonvulsant levels are sensitive to the 
physiologic expansion of blood volume and metabolic changes 
that occur during pregnancy. Adequacy of hormone replacement 
and/or drug levels will need to be monitored throughout preg
nancy. Identification of problems on screening (e.g., anemia, 
abnormal glucose screen) w ill mandate further testing. If not 
done before conception, screening for varicella has been sug
gested for women with no known history of chickenpox. The 
ACOG has recommended routine screening of all pregnant 
women for hepatitis B. In addition, HIV screening should also 
be offered because maternal therapy with azidothymidine (AZT) 
can reduce vertical transmission (see Chapter 53). Hepatitis C 
and CM V  screening should be considered for at-risk popula
tions. Recommendations for the content of prenatal care are 
summarized in Table 6-3. Note that these recommendations are 
drawn from various sources; most are based on expert opinion, 
and although similar, they are not entirely in agreement with 
regard to all recommendations.

Repeat Prenatal Visits
A plan of visits is outlined to the patient. Traditionally, this has 
been every 4 weeks for the first 28 weeks o f pregnancy, every 
2 to 3 weeks until 36 weeks, and weekly thereafter i f  the 
pregnancy progresses normally. The U.S. Public Health Service 
suggested that this number of visits can be decreased—especially 
in parous, healthy women— and studies suggest that this can be 
done safely. If any complications are present, the intervals can 
be increased appropriately. For example, patients with hyperten
sive disease or those at risk for preterm delivery may require 
weekly visits.

At regular visits, the patient is weighed, the blood pressure is 
recorded, and the presence of edema is evaluated (see “Intercur
rent Problems” below). Fundal height is regularly measured with 
a tape measure, fetal heart tones are recorded, and fetal position 
is noted. The goal of subsequent pregnancy visits is to assess fetal 
growth and maternal well-being. In addition, at each prenatal 
visit, time should be allowed ask the patient whether she 
has any problems or questions. Family members should be 
encouraged to come to prenatal visits, ask questions, and 
participate to the degree that the patient wishes.

In patients at risk of prematurity, or in those with a short 
cervix noted during an ultrasound, frequent cervical checks or 
sonographic evaluation of cervical length may reveal premature
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TABLE 6-3 RECOMMENDATIONS FOR ALL WOMEN FOR PRENATAL CARE
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WEEK OF GESTATION

History

FIRST VISIT* 6-8' 14-16 24-28 32 36 38 39 40 41

Medical, including genetic X
Psychosocial X
Update medical and psychosocial X X X X X X X X x
Physical Examination
General X
Blood pressure X X X X X X X X X x
Height X
Weight X X X X X X X X X x
Height and weight profile X
Pelvic examination and pelvimetry X X
Breast examination X X
Fundal height X X X X X X X X
Fetal position and heart rate X X X X X X X X
Cervical examination X
Laboratory Tests
Hemoglobin or hematocrit X X X X
Rh factor, blood type X
Antibody screen X X
Pap smear X
Screen for GDM 
MSAFP 
Urine
Dipstick X
Protein X
Sugar X
Culture 
Infections
Rubella titer X
Syphilis test X
Gonococcal culture X
Hepatitis B X
HIV (offered) X
Toxoplasmosis X
Illicit drug screen (offered) X
Genetic screen X

‘ Includes preconception visit.
If preconception care has preceded.

GDM, gestational diabetes mellitus; HIV, human immunodeficiency virus; MSAFP, maternal serum a-fetoprotein.

dilation or effacement that can be treated with progesterone 
suppositories or cerclage (see Chapters 28 and 29).

Further laboratory evaluations are routinely performed at 28 
weeks, when the hemoglobin or hematocrit, Rh type and screen 
for antibodies, serologic test for syphilis, and possibly HIV 
testing can be repeated. If the patient is Rh negative and unsen
sitized, she should receive Rhesus immune globulin (RhIG) 
prophylaxis at this time (see Chapter 34). A glucose screening 
test for diabetes is also appropriately performed at this time (see 
Chapter 40), and some clinicians advocate routine fetal move
ment counting using a movement chart (see Chapter 11). At 36 
weeks, a repeat hematocrit, especially in those women with 
anemia or those at risk for peripartum hemorrhage (multipara, 
repeat CD), may be performed. Group B Streptococcus (GBS) 
screening should be done at 35 to 36 weeks with consideration 
given to possible intrapartum prophylaxis. Also, appropriate 
cultures for the pathogens responsible for STIs (N gonorrhoeae 
and C. trachomatis) should be obtained as indicated in the third 
trimester based on geographic prevalence rates and demographic 
risk factors.

After 41 weeks from the last menstrual period, the patient 
should be entered into a screening program for fetal well-being, 
which may include electronic monitoring tests or ultrasound

evaluation (see Chapter 11). If labor has not occurred by 41 to 
42 weeks, induction should be recommended (see Chapter 36).

Intercurrent Problems
It is the practice in prenatal care to evaluate the pregnant patient 
for the development of certain important complications. Inher
ent in these checks is surveillance for intervening problems, an 
important one being preeclampsia. Blood pressure will change 
physiologically in response to pregnancy, but development of 
hypertension must be recognized so that evaluation, treatment, 
or hospitalization can be promptly initiated (see Chapter 31).

Dependent edema is physiologic in pregnancy, but general
ized or facial edema can be a first sign of disease. It is critical 
here, as in all areas, for the practitioner to understand the normal 
changes associated with pregnancy in order to accept and explain 
these (see Chapter 3) but also to aggressively manage any abnor
mal changes.

Proteinuria reflects urinary tract disease, generally either from 
infection or glomerular dysfunction and possibly as a result of 
preeclampsia. The degree of proteinuria should be quantitated 
in a 24-hour urine collection. Any urinary tract infection should 
be treated because asymptomatic bacteriuria is a risk factor 
for pyelonephritis and PTB.
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Fetal, placental, or amniotic fluid abnormalities are often first 
detected by deviation from the clinical expectation. In some 
conditions, the risk of fetal anomaly will be so high as to prompt 
baseline screening or testing (e.g., sonography, fetal echocardiog
raphy, prenatal karyotype). At other times, risk only becomes 
evident during the course of prenatal care. Growth restriction 
and macrosomia can often be suspected clinically, usually on 
the basis of an abnormality in fundal growth. For the patient 
who has a history of these conditions or other predisposing 
factors such as hypertension, renal disease, or diabetes, particular 
vigilance is in order. Alteration in amniotic fluid, too much 
or too little, can sometimes be detected clinically based on a 
uterine size/date discrepancy. In addition to maternal condi
tions, abnormalities in amniotic fluid volume (see Chapter 35) 
may be caused by fetal disease that can be defined using sonog
raphy and that may alter management of the pregnancy; for 
example, prompt delivery or therapeutic amnioreduction may 
be considered.

Common Patient-Centered Issues
Although not exhaustive, this section includes common issues 
or concerns likely to be raised by the patient at some point 
during successive prenatal visits. The practitioner should be pre
pared to address these as part of the health education, promo
tion, and prevention goals of each patient.

Nutrition During Pregnancy
Chapter 7 provides a detailed description of diet guidelines for 
weight gain. In addition, iron and vitamin supplementation, 
including folic acid supplementation, are also discussed in that 
chapter.

Activity and Employment
Most patients are able to maintain their normal activity levels 
in pregnancy. Mothers tolerate pregnancy with considerable 
physical activity, such as looking after small children, working, 
and routine exercise; however, heavy lifting and excessive phys
ical activity should be avoided. Modification of activity level 
as the pregnancy progresses is seldom needed, except if  the 
mother’s job involves physical danger. Recreational exercises 
should be encouraged, such as those available in prenatal exercise 
classes. The importance of physical activity cannot be over
stressed. Unfortunately, many women are routinely told to 
decrease their physical activity, even though research on moder
ate aerobic activity shows no negative impact on pregnancy 
outcomes. In the absence of medical or obstetric complications, 
current ACOG recommendations advocate for 30 minutes or 
more o f moderate exercise daily. A Cochrane review of aerobic 
exercise in pregnancy indicated improved maternal fitness, but 
evidence is insufficient to determine whether maternal or neo
natal risks or benefits exist.

Previously sedentary women with no medical contraindica
tions can start with 15 minutes of continuous exercise three 
times per week and work toward a goal of 30 minutes four 
times per week. W ith regard to exercise intensity, a good rule of 
thumb is the so-called talk test; that is, if  the exercising woman 
cannot maintain a conversation (perceived moderate intensity), 
she is probably overexercising. Studies suggest that women who 
engage in regular recreational activity have less GDM, less pre
eclampsia, and less low back and pelvic pain. The patient should 
be counseled to discontinue activity whenever she experiences 
discomfort.

If the job presents hazards no greater than those encoun
tered in daily life, healthy pregnant women may work until 
their delivery. Strenuous physical exercise, standing for pro
longed periods, and work on industrial machines in addition to 
other adverse environmental factors may be associated with 
increased risk of poor pregnancy outcome, and these should be 
modified as necessary.

Travel
A pregnant woman should be advised against prolonged 
sitting during car or airplane travel because o f the risk o f 
venous stasis and possible thromboembolism. The usual rec
ommendation is a maximum of 6 hours per day driving, stop
ping at least every 2 hours for 10 minutes to allow the patient 
to walk around and increase venous return from the legs. Hydra
tion and support stockings are also recommended.

The patient should be instructed to wear her seatbelt during 
car travel but to wear it under the abdomen as pregnancy 
advances (see Chapter 26). It may also be helpful to take pillows 
along to increase comfort. If the patient is traveling a significant 
distance, it might be helpful for her to carry a copy of her 
medical record with her should an emergency arise in a strange 
environment. She should also become familiar with the medical 
facilities in the area or perhaps obtain the name of a local obste
trician should a problem occur.

Nausea and Vomiting in Pregnancy
Nausea and vomiting are common in pregnancy and affect 
approximately 75% of pregnancies. Hyperemesis gravidarum 
is an extreme form characterized by vomiting, dehydration, 
and weight loss that frequently results in hospitalization. The
exact etiology of hyperemesis gravidarum is unknown, but it is 
believed to be related to a product of the placenta and is cor
related with human chorionic gonadotropin (hCG) and estra
diol concentrations. Twin and sibling studies suggest a genetic 
component, whereas epidemiologic risk factors include younger 
age, low prepregnancy body mass, female fetus, history of 
motion sickness or migraines, and Helicobacter pylori infection. 
Smoking and obesity are associated with a decreased risk of 
hyperemesis. If hyperemesis gravidarum occurs in a first preg
nancy, the recurrence risk is approximately 15%, although this 
may be reduced if  there is a change in paternity.

Women with hyperemesis gravidarum can have transient 
laboratory abnormalities that may include suppressed thyroid- 
stimulating hormone (TSH) or elevated free thyroxine (see 
Chapter 42). They can also have elevated liver enzymes and 
bilirubin, higher levels of amylase and lipase, and altered elec
trolytes (loss of sodium, potassium, and chloride). Women with 
severe hyperemesis can develop rare, severe complications such 
as Wernicke encephalopathy, beriberi, central pontine myelin- 
olyis, peripheral neuropathy, and hepatic or renal failure. Sim i
larly, severe vomiting has been associated with Mallory-Weiss 
tears, esophageal rupture, pneumomediastinum, and retinal 
detachment.

Fetal effects of hyperemesis gravidarum are unclear. In general, 
if  the problem is corrected or resolves and the patient is able to 
gain weight, there are no consequences. However, if  the woman 
has poor weight gain (<15 lb), the fetus is at increased risk for 
LBW and PTB.

Treatment of hyperemesis gravidarum is primarily symptom
atic. No evidence is available to support an ideal diet in these 
cases, but women are frequently advised to eat small meals that
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favor proteins over carbohydrates and liquids over solids. Women 
admitted to the hospital typically require intravenous (IV) 
hydration, and most recommend initial supplementation with 
thiamine (100 mg) for 3 days to prevent the possibility of 
Wernicke encephalopathy. Three randomized controlled trials 
suggest a benefit of vitamin Bs in reducing nausea. If symptoms 
persist, adding an antihistamine may be beneficial. In addi
tion to antihistamines, benzamides, phenothiazines, butyrophe- 
nones, type 3 serotonin receptor antagonists, and corticosteroids 
have all been used in the treatment of hyperemesis. Although 
anecdotally successful, the evidence of efficacy from randomized 
trials is inconclusive. This is important to consider given that 
some of the agents can cause adverse reactions that include but 
are not lim ited to extrapyramidal symptoms, anxiety, and 
depression. Ginger is an alternative therapy that has been suc
cessful in treating the nausea and vomiting of pregnancy.

In rare instances, patients do not respond to treatment, are 
unable to tolerate oral intake, and cannot maintain their weight 
or continue to lose weight. These patients may benefit from 
enteral or parenteral nutrition, although significant complica
tions have been described with parenteral nutrition that include 
thrombophlebitis and death from infection or pericardial tam
ponade. A recent study by Holmgren and colleagues described 
maternal and neonatal outcomes from 94 patients admitted with 
hyperemesis gravidarum and treated with medications, but only 
as compared with a nasogastric tube (NGT) or a peripherally 
inserted central catheter (PICC); they found no difference in 
gestational age, mean birthweight, or Apgar scores, but an 
increased risk of NICU admissions was reported in the PICC 
line group (9.1% vs. 4.1%  or 0%). Of patients managed with 
medication, 7% (3/42) had an adverse reaction from the medi
cation that resolved after treatment, whereas 11 % (2/19) of 
patients had the NGT dislodge, and 64% (21/33) of patients 
with a PICC line required treatment for infection, thromboem
bolism, or both. Based on their findings and those of others, the 
authors suggested that PICC lines should be avoided.

Finally, some patients who fail treatment opt to terminate 
their pregnancy, although the exact incidence is unknown; a 
web-based survey of over 800 women who agreed to be part of 
a hyperemesis gravidarum registry noted that 15% had at least 
one termination, and 6% had more than one termination as a 
direct or indirect result of severe hyperemesis gravidarum. These 
women felt they were too sick to care for their family or them
selves, or they were concerned about the potential adverse con
sequences of hyperemesis gravidarum on their baby. Further, 
these women indicated that health care providers were uncaring 
or did not appear to understand or acknowledge how sick they 
were, which suggests that further education within the medical 
community about the physical and psychological burden of 
hyperemesis gravidarum is needed.

Heartburn
Heartburn is a common complaint in pregnancy because 
of relaxation of the esophageal sphincter (see Chapter 3). Over
eating contributes to this problem, therefore the patient who 
experiences postprandial heartburn should be advised to save 
part of her meal for later and to not eat immediately before 
lying down. Pillows to prop up the upper body at bedtime may 
help. If necessary, antacids may be prescribed. Liquid antacids 
coat the esophageal lining more effectively than do tablets. In a 
subset of patients, H2 receptor blockers may be helpful (see 
Chapter 48).

Backache
Back pain is a common complaint in pregnancy that affects over 
50% of women. Numerous physiologic changes of pregnancy 
likely contribute to the development of back pain including 
ligament laxity related to relaxin and estrogen, weight gain, 
hyperlordosis, and anterior tilt of the pelvis; these altered bio
mechanics lead to mechanical strain on the lower back. Back
ache can be prevented to a large degree by avoidance of 
excessive weight gain and a regular exercise program before 
pregnancy. Exercises to strengthen back muscles can also be 
helpful. Posture is important, and sensible shoes should be worn, 
not high heels. Scheduled rest periods with elevation of the feet 
to flex the hips may be helpful. Other successful treatment 
modalities that have been described include nonelastic maternity 
support binders, acupuncture, aquatic exercises, and pharmaco
logic regimens that incorporate acetominophen, narcotics, pred
nisone, and rarely, antiprostaglandins (if remote from term).

Sexual Activity
Generally speaking, in the absence of any known contraindica
tions, no restrictions need to be placed on sexual intercourse. 
However, the patient should be advised that pregnancy may 
cause changes in comfort and sexual desire. Frequently, increased 
uterine activity is noted after sexual intercourse; it is unclear 
whether this is due to breast stimulation, female orgasm, or 
prostaglandins in male ejaculate. In a survey of 425 primiparous 
women, Fox and colleagues reported that over 60% of women 
reported sexual activity in the third trimester, and up to one- 
third engaged in sexual activity within 2 days of delivery. Studies 
suggest that sexual activity during pregnancy is rarely discussed, 
although most women feel the need to receive more informa
tion. For women at risk for preterm labor or those with a history 
of previous pregnancy loss and who note increased uterine activ
ity  after sex, use of a condom or avoidance of sexual activity may 
be recommended.

Prepared Parenthood and Support Groups
Routine classes on newborn child care and parenting should 
be part o f the prenatal care program. M any parents are com
pletely unprepared for the myriad changes in their lives, and 
some idea of what to expect is beneficial. As pregnancy pro
gresses, challenging needs can arise. Support groups for families 
with genetic or medical conditions, such as Down syndrome or 
skeletal dysplasias, or preterm infants and maternal support 
groups for mothers of twins or triplets and for women who have 
had cesarean delivery have all shown that they can meet the 
special needs of these parents. Unsuccessful pregnancies lead 
to special problems and needs for which social workers, clergy, 
and specialized support groups can be invaluable. Miscarriage, 
stillbirth, and infant death are particularly devastating events 
best managed by a team approach with special attention given 
to the grieving process. Referral to such groups as Compas
sionate Friends of Miscarriage, Infant Death, and Stillbirth is 
recommended. Careful evaluation and follow-up for depression 
should be part of the routine pregnancy postpartum care (see 
Chapter 23).

Prenatal Record
The prenatal care record should describe the comprehensive 
care provided and should allow for systematic documenta
tion o f coordinated services. One such example is the antepar
tum record designed by ACOG. M any of the advances in risk
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assessment and perinatal regionalization result directly from 
widespread implementation of this record. Most electronic 
medical record (EMR) systems have attempted to capture the 
important components, but they are limited in the degree 
to which different EMR systems can interrelate with each 
other. Technology allows sophisticated recording, display, and 
retrieval— often computer based—of prenatal care records, but 
quality relies on accurate, consistent compiling and concurrent 
recording of the information. The record must be complete yet 
simple, directive but flexible, and at the same time legible, 
transmittable, and able to display necessary data rapidly. Some 
data exist regarding the quality of documentation in prenatal/ 
intrapartum records as it relates to billing diagnosis, but little 
data is available regarding the quality of documentation in 
EMRs. Implementation of the International Classifications of 
Diseases may help, but this has yet to be determined. European 
nations often have one record for uniform care, and many health 
care systems have adopted records to permit internal consistency. 
Commonly used records accurately reflect the following:
1. Demographic data, obstetric history
2. Medical and family history, including genetic screening
3. Baseline physical examination with emphasis on the gyneco

logic examination
4. Menstrual history, especially last normal menstrual period 

(LMP), with documentation of established due date and 
reference criteria for dating if  that was done with something 
other than LMP

5. Record of individual visits
6. Routine laboratory data (e.g., Rh, GBS, Rapid Plasma Reagin 

Test [RPR], rubella, hepatitis, and HIV)
7. Problem list
8. Space for special notations and plans (e.g., planned trial of 

labor after cesarean [TOLAC; see Chapter 20], repeat CD, 
tubal ligation)
These records must be made available to consultants, and they 

should be available at the facility where delivery is planned. If 
transfer is expected, a copy of the prenatal record should accom
pany the patient.

Prenatal Education
In general, it is believed that patient education leads to better 
self-care, and pregnancy is no exception. Efforts to improve 
understanding, involvement, and satisfaction with pregnancy 
and the perinatal period are increasing. In this area more than 
any other, the options for paramedical support have expanded. 
Practitioners and patients have access to a vast array of support 
personnel (e.g., doulas) and groups to assist and advise in the 
pregnancy and subsequent parenthood. Group prenatal care has 
recently been initiated and has been associated with improved 
patient satisfaction. Patients should be educated about care 
options and should be allowed to participate in decision making.

POSTPARTUM CARE 
Components of the Postpartum Visit
Postpartum care is covered in detail in Chapter 23; however, 
it should be stressed that a key element in ensuring the 
optimal interconception period is by encouraging and rein
forcing the importance o f keeping the postpartum appoint
ment. Most patients should be seen approximately 6 weeks 
postpartum, sooner for complicated deliveries and cesarean 
deliveries. The goal o f this visit is to evaluate the physical,

psychosocial, and mental well-being o f the mother; to provide 
support and referral for breastfeeding; and to initiate or 
encourage compliance with the preferred family planning 
option and preconception care for the next pregnancy.
Depending on the mother’s education and insurance status, the 
likelihood of attending the postpartum visit ranges from 77% 
to 95%. Data suggest that maternal health after pregnancy is 
associated with improved child health, and so increasing compli
ance with postpartum visits has been identified as both a national 
and international public health priority.

Birth Spacing
An important goal o f the postpartum visit and interconcep
tion care is to encourage birth spacing—specifically, to 
educate women about the importance o f waiting at least 24  
months to conceive again. This interconception interval has 
been associated with decreased risk o f PTB/LBW and 
decreased risk for uterine rupture among women attempting 
a vaginal birth after a cesarean delivery (VBAC).

An estimated one in three pregnancies in the United States 
occurs within 18 months of a previous birth, 1 in 2 occurs 
within 18 to 59 months, and 1 in 6 occurs after 60 months or 
more. Short birth spacing, defined as 18 months or less, was 
found to be strongly linked to unintended pregnancies and age, 
specifically teenagers (between 15 and 19 years old at the time 
of conception) and women whose first conception was after the 
age of 30. For women who do wait the recommended interval, 
using the most efficacious contraceptive method in light of their 
medical comorbidities is critical to optimize the interconception 
period because 49% of pregnancies are unplanned. For example, 
an estimated 26% to 41 % percent of postpartum women have 
intercourse before their 6-week postpartum visit, 41% by 6 
weeks, 65% by 8 weeks, and 78% by 12 weeks. Whether they 
had complications during the birth was a significant factor in 
how long they waited. Educating women on the most appro
priate contraception based on medical conditions and dis
charging patients with an effective contraception method is 
essential to assist women in achieving the recommended
24-month interval.

Specific nutritional recommendations such as calcium, folate, 
or iron supplementation vary during the interconception period 
depending on whether the woman is breastfeeding or anemic or 
has had any other complications. In general, most women are 
nutrient depleted post partum, and a daily prenatal vitamin 
should be continued for at least 8 weeks after delivery. Further, 
attention should be directed toward counseling about the 
common tendency and known hazards of weight retention.

Recent systematic reviews have demonstrated the benefits of 
postpartum psychosocial support for early detection and preven
tion of maternal depression as well as for decreased newborn 
readmissions. Psychosocial support can be provided by clinicians 
or trained lay personnel.

Counseling Regarding Medical Conditions 
and Obstetric Complications
Finally, follow-up is needed for medical complications such 
as heart disease, hypertension, diabetes, and depression—  
conditions that may have been exacerbated by pregnancy— as 
well as thyroid disease and epilepsy, conditions in which 
postpartum medication adjustments may be required. One 
focus of interconception care is on medical complications 
that were present during pregnancy. Chronic diseases such as
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diabetes, hypertension, obesity, and depression may first become 
apparent during prenatal care. Lack of access to routine well- 
woman and medical care contribute to a disproportionate 
number of pregnancy complications among minority women 
and those of low socioeconomic status. Medical complications 
during pregnancy may also account for the increasing rate of 
cesarean delivery and also of LBW/PTB, the most common 
cause of infant deaths. A history of a previous pregnancy outcome 
is an important predictor of future reproductive risk. However, 
many women with adverse pregnancy outcomes do not 
receive targeted interventions to reduce risks during future 
pregnancies. Women with a history of PTB, preeclampsia, and 
GDM should be informed that they are at increased risk of 
recurrence with subsequent pregnancies in addition to being at 
risk for subsequent development of hypertension and cardiovas
cular disease. Likewise, women with GDM are at increased risk 
of developing type 2 diabetes. Patients should be counseled to 
inform all subsequent health care providers of these prior medical 
conditions that occurred during pregnancy.

Pregnancy complications, both maternal and fetal/newborn, 
should be reviewed, and recurrence risk should be discussed 
along with any potential interventions considered. For example, 
cesarean delivery has a high likelihood of repeating; therefore 
the risks, benefits, and alternatives should be addressed, and this 
discussion should include the type of uterine incision used, any 
abnormal placentation, and the possibility of a TOLAC. If 
childbirth was traumatic, the clinician should be alert for signs 
or symptoms of depression or PTSD. Women with preeclampsia

or chronic hypertension should be advised to start a low-dose 
aspirin regimen after 12 weeks’ gestation in their next pregnancy. 
To prevent recurrence, women with preterm deliveries should 
be counseled to seek care early to discuss treatment options, 
which may include progesterone therapy or cerclage based on 
clinical history.

COMING FULL CIRCLE: COMPONENTS 
OF INTERCONCEPTION CARE AND 
WELL-WOMAN VISITS
As noted throughout this chapter, the specific components of 
preconception, postpartum, and interconception care and the 
well-woman visit overlap conceptually to the point of redun
dancy. However, on a pragmatic basis, much work needs to be 
done relative to dissemination of good information and imple
mentation of quality care. Models to incorporate interconcep
tion care into health programs for women are limited but are 
currently being investigated. The most common settings have 
focused on low-income and minority populations as a potential 
intervention to eliminate their disparate maternal and birth 
outcomes.

One example of the implementation of interconception 
care was in Chicago among low-income black women with 
a prior adverse pregnancy outcome. This program, Intercon
ception Care Period (ICCP), focused on the integration of 
social services, family planning, and medical care provided 
through a team approach (Table 6-4). The planned delivery of

TABLE 6-4 INTERCONCEPTION CARE RESOURCES

RESOURCE

Interconception Care Project 
of California

Planning for a Healthy 
Future: Algorithm for 
Providers Caring for 
Women of Childbearing 
Age

March of Dimes Screening 
and Counseling Checklist

Smiles for Life: Women’s 
Oral Health Curriculum

Preconception and 
Interconception Care 
Guideline

Before, Between, and 
Beyond Pregnancy

Guidelines for Preconception 
and Interconception 
Care: Specific Health 
Conditions

DESCRIPTION AND LINK

The Interconception Care Project is a collection of recommendations to improve and promote the interconception health of 
women by maximizing care provided during the postpartum visit. A panel of obstetric and health experts developed 
evidence-based postpartum clinical management algorithms and companion patient education materials based on the 21 
most common pregnancy and delivery complications identified using ICD-9 discharge code data in California. The 
algorithms are designed to guide risk assessment, management, and counseling based on risk of adverse pregnancy 
outcome and/or maternal/neonatal complications in order to improve the mothers health and reduce risks in future 
pregnancies. Patient handouts were developed (English and Spanish) that offer explanations of the condition and 
treatment options; they discuss self-care strategies to improve the health of the woman, her baby, and any future 
pregnancies (www.everywomancalifornia.org).

Wisconsin Association for Perinatal Care (WAPC) developed a program to put the life course approach to womens health 
into action. Health care providers can use the algorithm to integrate preconception and interconception care into 
well-woman care and to identify areas of risk of which a woman may not be aware. Links to other WAPC preconception 
health resources are also available.
http://www.perinatalweb.org/major-initiatives/reducing-infant-mortality/resources 

Patients are given the checklist at the reception desk and are asked to fill it out before seeing the provider. Providers can use 
this one-page summary to initiate discussions about preconception care. This list offers a series of essential questions that 
help providers develop good clinical management plans. 
www.healthteamworks.org/guidelines/preconception.html 

Addresses the importance of oral health before, during, and after pregnancy and includes information on the prevalence of 
oral disease during pregnancy, its consequences for both mothers and children, and a review of dental treatment guidelines 
for pregnant women.
www.smilesforlifeoralhealth.org/buildcontent.aspx?tut=560&pagekey=6l366&cbreceipt=0

Colorado Department of Public Health developed guidelines designed to assist clinicians providing preconception and 
interconception care. The guidelines were adapted from the American Jou rn a l o f  Obstetrics an d  G ynecology Supplement, 
December 2008, and CDC Proceedings of the Preconception Health and Health Care Clinical, Public Health, and 
Consumer Workgroup Meetings, June 2006. 
http://www.healthteamworks.org/guidelines/preconception.html 

The National Preconception/Interconception Care Clinical Toolkit was designed to help primary care providers, their 
colleagues, and their practices incorporate preconception health into the routine care of women of childbearing age. 
http://beforeandbeyond.org/toolkit.

This concise pocket-sized brochure highlights common medical disorders and includes patient counseling recommendations, 
confirmatory tests, and contraindicated medications (if not using contraception) as well as recommended contraception for 
high-risk medical diseases.
www.everywomancalifornia.org/files.cfm?filesID=531

ICD-9, In terna tiona l C lassification o f  Diseases, 9th edition.
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interventions based on a woman’s unique interconceptional 
health needs was often replaced by efforts to address the woman’s 
socioeconomic needs. Although medical care remained impor
tant, participants viewed themselves as healthy and did not view 
medical care as a priority; in addition, women’s perceptions of 
contraceptive effectiveness were not always aligned with clinical 
knowledge.

Since 2005, all 97 federal Healthy Start Programs— initiated 
in 1991 to address the factors that contribute to the high infant 
mortality rate in the United States, particularly among popula
tions with disproportionately high rates of adverse perinatal 
health outcomes—have been required to include an intercon
ception care component. Recommendations for health care pro
viders to address interconception medical conditions have been 
developed and range from algorithms to toolkits; Table 6-4 gives 
resources for additional interconception care.

In summary, the traditional approach to improving perinatal 
outcomes has focused on prenatal care once a woman is already 
pregnant. However, the fact is that birth outcomes and mater
nal outcomes have not significantly improved in the past 40  
years. This, coupled with new knowledge that maternal com
plications during pregnancy and postpartum and newborn 
complications are associated with long-term health outcomes 
for both the mother and child, requires that the health care 
system reframe the approach to providing care to women. 
Hence, the life-course perspective was proposed. The improve
ment of maternal health before conception and in the intercon
ception interval can reduce prematurity and LBW and can 
subsequently improve the health of infants, and it can maximize 
the health of mothers and children for generations to come.

KEY POINTS

♦ The breadth of prenatal care does not end with delivery 
but rather includes both preconception and postpartum 
care, which extends up to 1 year after the infant’s birth. 
Importantly, this introduces the concept of interconcep
tion care and the principle that almost all health care 
interactions with reproductive-age women (and men) 
are opportunities to assess risk, promote healthy lifestyle 
behaviors, and identify and treat medical and psycho
social issues that could impact pregnancy and the life
time health of the mother and child.

♦ Interconception care is defined as care provided between 
the end of a woman’s pregnancy to the beginning of her 
next pregnancy. During the interconception period, 
intensive interventions are provided to women who 
have had a previous pregnancy that ended in an adverse 
outcome (i.e., fetal loss, PTB, LBW, infant death, or 
birth defect).

♦ A reproductive life plan  is a “set of personal goals regard
ing the conscious decision about whether or not to bear 
children.” Ideally, it outlines a plan to achieve those 
goals. Reproductive life plans should be individualized, 
iterative, and addressed initially at menarche, confirmed 
or modified at subsequent health encounters by all care 
providers, and retired with menopause or sterilization.

♦ When specific conditions are detected such that preg
nancy is not recommended or intended, reliable contra
ception should be prescribed, and the importance of

compliance should be reinforced. M any women with 
complex medical problems who are advised against 
pregnancy conceive unintentionally and/or do not 
use contraception because of a low perceived risk of 
conceiving.

♦ Age, weight (BMI), and changes in weight during preg
nancy and over time impact pregnancy outcome and 
long-term maternal health.

♦ Primary care, preventative health, and well-women 
visits are ideal times to screen and counsel patients 
about STIs and TORCH infections and to confirm and/ 
or update immunization status.

♦ All reproductive-age women should be current with 
immunizations as recommended by ACIP and the 
CDC. This is the time to draw and document protective 
titers for rubella, varicella, and hepatitis B and to immu
nize the susceptible patient.

♦ The time to screen appropriate populations for genetic 
disease-carrier status, congenital malformations, or 
familial diseases with major genetic components is 
before pregnancy. If patients screen positive, referral for 
genetic counseling is indicated because consideration of 
additional preconception options may be warranted.

♦ Smoking and alcohol and drug use by pregnant women 
are all harmful to the developing fetus, but because these 
substances are often used in combination, teasing apart 
the specific contributions of each substance to adverse 
child outcomes can prove difficult. Overall, the risks to 
the neonate include IUGR, birth defects, altered neu
ropsychological behavior, and for some drugs, w ith
drawal symptoms. Subsequent behavior, development, 
and neurologic function may also be impaired from 
health problems that started during the preconception 
period.

♦ A study based on the National Health and Nutrition 
Examination Survey demonstrated that all pregnant 
women are exposed to and have detectable levels of 
chemicals that can be harmful to reproduction or 
human development. Because exposure to environmen
tal agents can be mitigated or prevented, it is important 
for women to be made aware of known toxic substances 
and to inform them as to how to access resources to gain 
additional information.

♦ Clear evidence shows that for some conditions— such 
as diabetes mellitus, phenylketonuria, and inflamma
tory bowel disease— medical disease management before 
conception can positively influence pregnancy outcome. 
Medical management should be discussed with the 
patient, and appropriate management plans should be 
outlined before conception. Advice should also be given 
about specific medications to avoid during the first tri
mester (e.g., isotretinoin).

♦ All the problems that arise in pregnancy, whether 
common complaints or more hazardous diseases, convey 
some risk to the pregnancy that w ill depend on how 
these problems are managed by the patient and her care 
provider. It has been shown that most women and 
infants who suffer morbidity and mortality will come 
from a small segment of women with high-risk factors; 
by reassessing risk factors before and during pregnancy
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and again in labor, the ability to identify those at highest 
risk improves.

♦ A key element to ensure the optimal interconception 
period is to encourage and reinforce the importance of 
keeping the postpartum appointment. Most patients 
should be seen approximately 6 weeks post partum, 
sooner for complicated or cesarean deliveries. The goal 
of this visit is to evaluate the physical, psychosocial, and 
mental well-being of the mother; to provide support 
and referral for breastfeeding; to initiate or encourage 
compliance with the preferred family planning option; 
and to initiate preconception care for the next 
pregnancy.

♦ An important goal of the postpartum visit and intercon
ception care is to encourage birth spacing—specifically, 
to educate women about the importance of waiting at 
least 24 months after delivery to conceive again because 
this interval has been associated with a decreased risk of 
preterm birth and low birthweight, and it decreases the 
risk for uterine rupture among women who attempt a 
vaginal birth after a cesarean delivery.
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approximately 30%. O f more concern is the twofold increase in 
obesity (BMI >30 kg/m2) from 13% to 35% in the same popu
lation (Fig. 7 -1).1 This increase in obesity disproportionately 
affects minority populations, such as Hispanics and blacks, 
and especially women.2 The increased rates of obesity are attrib
uted to numerous factors that include increased consumption of 
nonnutritious foods and decreased physical activity. In preg
nancy, excessive gestational weight gain increases the risk of 
higher BMI in a subsequent pregnancy.

Excessive weight gain during pregnancy significandy 
increases the risk o f postpartum weight retention and con
tributes to the accretion o f excess adipose tissue in the fetus. 
Additionally, obesity poses specific risks to the process of labor 
and delivery and to fetal outcomes. Obesity, however, is not the 
only concern in the management of nutrition during pregnancy. 
The importance of adequate nutrition is also a critical issue 
during pregnancy, and deficiency or excess of various nutrients 
can have both short- and long-term consequences to the mother 
and her fetus. In this chapter we address the specific nutrient 
requirements during pregnancy, recommendations for weight 
gain, and other special concerns regarding nutrition and 
pregnancy.

OVERVIEW
In light of the obesity epidemic, the concept of eating for two 
during pregnancy has come under great scrutiny in recent years. 
Despite public health efforts to promote weight loss, the number 
of reproductive-age women who are overweight (body mass 
index [BMI] >25.0 to 29.9 kg/m2) has remained stable at

122

INTEGRATING NUTRITION INTO 
THE OBSTETRIC HISTORY
Every woman should have the opportunity to meet with a health 
care provider for a prepregnancy history and physical examina
tion that includes a nutritional assessment. The purpose o f this 
assessment is to identify the quality o f a patient’s diet and to 
assess any nutritional risk factors that could jeopardize her 
health or the health o f her developing baby. Adequate intake

ak
us

he
r-li

b.r
u



Chapter 7 Nutrition During Pregnancy 123

Prevalence* of Self-Reported Obesity Among U.S. Adults by State and Territory, 
BRFSS, 2013

'Prevalence estimates reflect BRFSS methodological changes started in 2011. These estimates 
should not be compared to prevalence estimates before 2011.

H  15% -<20% |T~] 20% -<25% | | 25% -<30%  | 30% -<35%  |  >35%

FIG 7-1 Adult obesity in the United States in 2013. (From Behavioral Risk Factor Surveillance System [BRFSS], Centers for Disease Control and 
Prevention. Available at http://www.cdc.gov/obesity/data/prevalence-maps.html.)

of nutrients supports the developing fetus, reduces fetal risk, and 
improves pregnancy outcomes.3 During the nutritional assess
ment, the patient’s medical history, weight status, dietary intake, 
and laboratory data should be reviewed. The medical history will 
identify maternal risk factors for nutritional deficiencies and 
chronic diseases with nutritional implications (e.g., absorption, 
eating, and metabolic disorders; infections; inflammatory bowel 
disease; diabetes mellitus; phenylketonuria; sickle cell trait; and 
renal disease).

Pertinent dietary information includes appetite, meal pat
terns, dieting regimens, cultural or religious dietary practices, 
dietary restrictions, food allergies, cravings, and aversions. Infor
mation about abnormal eating practices such as bingeing, 
purging, laxative or diuretic use, or pica—eating nonfood items 
(ice, detergent, starch)— should be ascertained.

During the assessment, other relevant information includes 
the habitual use of caffeine-containing beverages or sugary soft 
drinks, tobacco, alcohol, recreational drugs, vitamins, and herbal 
supplements.4 Specifically asking about nutritional supplements 
is critically important because many patients do not consider 
these items to be “medications” and thus will not volunteer that 
these are being used. A patient’s diet can be assessed by asking 
about intake over the previous 24 hours or by administering 
a diet history questionnaire in the waiting room.

Nutrition-related complications during a prior pregnancy are 
also important to assess. Gestational weight gain in previous 
pregnancies and history of hyperemesis, gestational diabetes, 
anemia, and pica should be determined (see Chapters 6 and 40). 
Women with a short interpregnancy interval (e.g., <1 year 
between pregnancies) may have depleted nutrient reserves,

which is associated with increased preterm birth, intrauter
ine growth restriction (IUGR), and maternal morbidity and 
mortality.5'6

In addition to the medical history, the social history may 
provide key information regarding the patient’s nutritional risk. 
For example, some work environments adversely impact dietary 
intake because they may not provide adequate time to eat bal
anced meals, or they allow access to food that is only marginally 
nutritious. Women with lower socioeconomic status often need 
support to obtain nutritious food, and referral to food-assistance 
programs may be appropriate (e.g., Women, Infants, and Chil
dren Program [W IC]).

M any women are receptive to nutritional counseling just 
prior to or during pregnancy, making this an opportune time to 
encourage the development of good nutrition and physical activ
ity practices aimed at preventing future medical problems such 
as obesity, diabetes, hypertension, and osteoporosis.3 Pregnant 
women found to be at risk may benefit from a referral to a 
registered dietitian as shown in Table 7-1.

MATERNAL WEIGHT GAIN 
RECOMMENDATIONS
In 1990 the Institute of Medicine (IOM) first published recom
mendations on weight gain during pregnancy.7 The guidelines 
were proposed to address many issues regarding the role of nutri
tion in pregnancy, including the prevention of small-for- 
gestational-age (SGA) and growth-restricted neonates. As noted 
previously, the obesity rate has surged in recent decades. As such, 
in 2009, the IOM updated the 1990 guidelines regarding weight
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124 Section II Prenatal Care

TABLE 7-1 SITUATIONS IN WHICH CONSULTATION 
WITH A REGISTERED DIETITIAN 

___________ IS ADVISABLE__________________________
• Pregnancy involves multiple gestations (twins, triplets).
• Gestations are frequent (less than a 3-month interpregnancy interval).
• Tobacco, alcohol, or drug use (chronic medicinal or illicit) is occurring.
• Severe nausea and vomiting (hyperemesis gravidarum) is a problem.
• Eating disorders are present, including anorexia, bulimia, and 

compulsive eating.
• Weight gain is inadequate during pregnancy.
• Pregnancy occurs in adolescence.
• Eating is restrictive (vegetarianism, macrobiotic, raw food, vegan).
• Food allergies or food intolerances are present.
• Gestational diabetes mellitus (GDM) or history of GDM is involved.
• Patient has a history of low-birthweight babies or other obstetric 

complications.
• Social factors are present that may limit appropriate intake (e.g.,

religion, poverty). __________________________

Courtesy Lisa Hark, PhD, RD.

TABLE 7-2 RECOMMENDATIONS FOR WEIGHT GAIN 
DURING PREGNANCY BY PREPREGNANCY 
BODY MASS INDEX (BMI)

RATES OF WEIGHT
TOTAL GAIN IN SECOND
WEIGHT AND THIRD

PREGNANCY BMI GAIN TRIMESTERS
BMI (kg/m 2) (lb) (Ib/wk)

Underweight <18.5 28-40 1 (1-1.3)
Normal weight 18.5-24.9 25-35 1 (0.8-1)
Overweight 25.0-29.9 15-25 0.6 (0.5-0.7)
Obese (all classes) >30.0 11-20 0.5 (0.4-0.6)

From Composition and compound of gestational weight gain: physiology and 
metabolism. In Rasmussin KM, Yaktin AL, eds: Weight Gain D urin g Pregnancy: 
Reexam ining th e Guidelines. Washington, DC: National Academy Press; 2009;77-83.

gain in pregnancy. In contrast to the 1990 recommendations, 
these guidelines consider both the short- and long-term outcome 
for the pregnant woman and her child. Additionally, because of 
the great importance of achieving appropriate pregravid weight, 
the 2009 guidelines emphasize that women begin pregnancy at 
a healthy weight. Lastly, the guidelines call for individualized 
preconceptual, prenatal, and postpartum care to help women 
attain healthy weight gain and return to a healthy pregravid 
weight after delivery.8

M any general recommendations exist regarding diets for preg
nant women to avoid problems such as excessive gestational 
weight gain and potential complications such as gestational dia
betes and fetal overgrowth. These diets vary from those high in 
complex carbohydrates and low in fats9 to those low on the 
glycemic index10 to diets high in probiotics.11 Whereas all of 
these diets may offer some theoretic advantage, presently none 
can be endorsed as optimal. Consuming healthy food is the 
goal to meet the IOM gestational weight guidelines and 
address the individual needs o f the patient.

Low or Underweight Preconception 
Body Mass Index
The 2009 IOM guidelines are based upon the World Health 
Organization (WHO) classifications to define underweight, 
normal weight, overweight, and obese patients (Table 7-2). 
Underweight is classified as a BMI below 18.5 kg/m". Based on 
the available data, there is strong support that women with

low pregnancy BMI and low gestational weight gain have an 
increased risk (<10%) for having SGA infants, preterm birth, 
and perinatal mortality.12 In contrast, excessive gestational 
weight gain for women with a low pregravid BMI increases risk 
of large-for-gestational-age (LGA) neonates and for increased 
maternal weight retention postpartum (Fig. 7-2; also see Chap
ters 6 and 41 ).13

Overweight and Obese Prepregnancy 
Body Mass Index
Approximately 60%  o f reproductive-age women are over
weight (BMI >25 kg/m2), and o f these, 50% are obese (BMI 
>30 kg/m2). Another 8% have severe obesity, with a BMI 
greater than 40 kg/m2. Obesity poses a multitude of threats 
related to pregnancy: antepartum risks include spontaneous 
abortion, congenital anomalies, preterm birth, gestational dia
betes, hypertension, and preeclampsia; during labor, risk of 
shoulder dystocia and cesarean delivery are higher; and postpar
tum risks include thromboembolic events, anemia, and incision- 
site infections (see Chapters 6 and 4 1).14

The 2009 IOM guidelines recommend that overweight 
women with a singleton pregnancy gain a total o f 15 to 25 lb 
during pregnancy (compared with 25 with 35 lb for normal- 
weight women). Obese women are advised to gain only 11 
to 20 lb during the course o f their pregnancy. These recom
mendations were based primarily on class I obesity because data 
are lim ited regarding weight gain recommendations for each 
class of obesity. As such, the IOM guidelines do not differentiate 
between class I obesity (BMI 30 to 34.9 kg/m2), class II obesity 
(BMI 35 to 39.9 kg/m2), and class III obesity (BMI >40 kg/ 
m2).15,16 The 11 to 20 lb gestational weight gain for obese patients 
primarily represents the obligatory weight gain of pregnancy. 
This includes approximately 12 to 14 lb of water, 2 lb of protein, 
and a variable amount of adipose tissue (Table 7-3).

Some authors have recommended less gestational weight gain 
for obese class II and III women to decrease neonatal morbid
ity.17 Whereas others have noted an increased risk of SGA babies 
with decreased lean body mass, as well as decreased fat mass, 
in overweight and obese women with inadequate gestational 
weight gain .18

MATERNAL WEIGHT GAIN 
RECOMMENDATIONS FOR 
SPECIAL POPULATIONS 
Multiple Gestations
For twin pregnancies, the IOM recommends a gestational 
weight gain of 37 to 54 lb for women of normal weight, 31 to 
50 lb for overweight women, and 25 to 42 lb for obese women 
(Table 7-4). For triplet and higher-order gestations, the data on 
ideal gestational weight gain are insufficient; thus no specific 
recommendations exist for these. ̂

Adolescents
Approximately 17%  o f teenage girls ages 12 through 19 are 
obese in America, and these obese teens face the same obstet
ric risks that adult obese women face. Because 80% of teen 
pregnancies are unintended, the ability of an obstetrician to 
discuss preconception nutrition concerns with an obese teen is 
nearly impossible. Thus efforts should be made during the early 
prenatal care visits to emphasize the importance of appropriate 
gestational weight gain and adequate nutrition. Studies have
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Total weight gain category

FIG 7-2 Adjusted absolute risks for infants small for gestational age (solid circle) and large for gestational age (open circle) and for emergency 
cesarean delivery (solid triangle) and postpartum weight retention of >5 kg (open triangle) according to prepregnancy body mass index (in kg/ 
m2) and gestational weight gain categories of the World Health Organization. Gestational weight gain categories are low (<10 kg), medium 
(10-15 kg), high (16-19 kg), and very high (>20 kg). (Modified from Nohr EA, Vaeth M, Baker JL, et al. Combined associations of pre-pregnancy 
body mass index and gestational weight gain with the outcome of pregnancy. Am J Clin Nutr. 2008;87:1750.)

TABLE 7-3 OBLIGATORY COMPONENTS OF WEIGHT 
GAIN DURING PREGNANCY

GRAMS

Protein
Fetus 420
Uterus 170
Blood 140
Placenta 100
Breasts 80
Total 900-1000
Water
Fetus 2400
Placenta 500
Amniotic fluid 500
Uterus 800
Breasts 300
Maternal blood 1300
Extracellular fluid 1500
Total 7000-8000
Variable Components of Weight Gain
Carbohydrate Negligible
Lipids 0-6 kg

From Composition and compound of gestational weight gain: physiology and 
metabolism. In Rasmussin KM, Yaktin AL, eds: Weight Gain D urin g Pregnancy: 
Reexam ining th e Guidelines. Washington, DC: National Academy Press; 2009:77-83.

shown that teens who are obese before conceiving are more likely 
to remain obese postpartum.19 The IOM recommendations state 
that adolescents should follow the adult BMI categories to guide 
their weight gain.

Other Groups
Based on the available evidence, no specific recommendations 
exist for gestational weight gain in women of short stature, for

TABLE 7-4 PROVISIONAL GUIDELINES FOR WEIGHT 
GAIN WITH TWIN PREGNANCIES

TOTAL WEIGHT
PREPREGNANCY BMI BMI (kg/m 2) GAIN (lb)

Normal weight 18.5-24.9 37-54
Overweight 25.0-29.9 31-50
Obese >30.0 25-42

From Composition and compound of gestational weight gain: physiology and 
metabolism. In Rasmussin KM, Yaktin AL, eds: Weight Gain D urin g Pregnancy: 
Reexam ining th e Guidelines. Washington, DC: National Academy Press; 2009;77-83. 
BMI, body mass index.

specific racial or ethnic groups, or in those who smoke ciga
rettes. The IOM guidelines recognize that each of these special 
groups may possibly benefit from specific gestational weight 
gain guidelines, but the available evidence is insufficient to make 
recommendations.

MATERNAL NUTRIENT NEEDS: 
CURRENT RECOMMENDATIONS 
Energy
Energy expenditure consists of four basic components: 
(1) resting metabolic rate (RMR); (2) the thermic effect of 
food (TEF), or diet-induced thermogenesis; (3) the thermic 
effect of energy (TEE); and (4) adaptive, or facultative, thermo
genesis. RM R is the amount of energy, or calories, used at rest 
and accounts for approximately 60% of total energy expenditure 
in healthy people. TEF is the caloric cost of eating, digesting, 
absorbing, resynthesizing, and storing food and accounts for
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Thermic effects of exercise

Thermic effects of food

t
Resting

metabolic
rate

I
FIG 7-3 Components of energy expenditure. (From Catalano PM, Hol
lenbeck C. Energy requirements in pregnancy. Obstet Gynecol Surv. 
1992;47 :368.)

about 5% to 10% of total energy expenditure. TEE is quite 
variable and in sedentary individuals may account for only 15% 
to 20% of total energy expenditure. Adaptive thermogenesis, or 
fa cu lta tive thermogenesis, refers to adaptations by an organism to 
adjust to environmental changes, such as overfeeding or under
feeding, as well as to alterations in ambient temperature. Adap
tive thermogenesis accounts for no more that 10% of RMR and 
varies by individual (Fig. 7-3).

The total maternal energy requirement for a full-term 
pregnancy is estimated at 80,000 kilocalories (kcal). This 
accounts for the increased metabolic activity o f the maternal 
and fetal tissues as well as for the growth o f the fetus and 
placenta. Maternal energy needs are increased to support the 
maternal cardiovascular, renal, and respiratory systems. Basal 
requirements can be determined based on maternal age, stature, 
activity level, preconception weight, BMI, and gestational 
weight gain goals. Daily caloric requirements have been esti
mated by the W HO by dividing the gross energy cost of preg
nancy (80,000 kcal) by the approximate duration of pregnancy 
(250 days after the first month), producing an average additional 
300 kcal/day for the entire pregnancy. During the first trimester, 
total energy expenditure does not change greatly, and weight 
gain is minimal assuming the woman began her pregnancy 
without depleted body reserves. Therefore additional energy 
intake is recommended primarily in the second and third tri
mesters. During the second trimester, a pregnant woman should 
consume an additional 340 kcal/day above the nonpregnant 
energy requirement, and in the third trimester, the additional 
caloric requirement is 452 kcal/day.20

However, a series of prospective studies were conducted in the 
late 1980s and 1990s to assess energy expenditure in pregnancy. 
M any of these studies obtained baseline data prior to a planned 
pregnancy and incorporated measurements such as estimates of 
body composition, energy intake in the diet, RMR, standard 
measures of exercise, and activity diaries. These studies showed 
that the energy cost of pregnancy is much lower than previously 
estimated.21'25

The introduction of the doubly labeled water method has 
allowed researchers to estimate total energy expenditure in the 
free-living state. In well-nourished women, RM R usually begins 
to rise soon after conception and continues to rise until delivery. 
However, considerable interindividual variation is apparent. In 
healthy, well-nourished women, the average increases in RMR 
above prepregnancy values are 4.5% , 10.8%, and 24.0%  for the 
first, second, and third trimesters, respectively.

Pregnancy induces changes in fuel utilization. Later in preg
nancy, the basal or fasting contribution o f carbohydrates 
to oxidative metabolism increases. Fetal growth and lacta
tion are dependent on energy preferentially derived from 
carbohydrates.26

Proteins
Additional protein is required during pregnancy for fetal, pla
cental, and maternal tissue development. During the course 
of the pregnancy, an average of 925 g of protein are stored, 
which is required for the tissue development. Maternal protein 
synthesis increases to support expansion o f the blood volume, 
uterus, and breast tissue. Fetal and placental proteins are 
synthesized from amino acids supplied by the mother. Protein 
recommendations are therefore increased from 46 g/day for 
an adult, nonpregnant woman to 71 g/day during pregnancy. 
This represents a change in protein recommendation from
0.8 g/kg/day for nonpregnant women to 1.1 g/kg/day during

20pregnancy.

Omega-3 Fatty Acids
Polyunsaturated fatty acids (PUFAs) are an essential component 
of neural tissue and are found in high concentrations in mem
brane phospholipids of the gray matter and the retina. These 
critically important fatty acids cannot be synthesized by the 
body and thus must be consumed in the diet as either linoleic 
or a-linolenic acid. After ingestion, a-linoleic acid is converted 
to its biologically active forms, eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). The amount of fatty acids that 
are transported to the fetus depends both on maternal dietary 
intake and placental function. W ith n-3 PUFA supplementa
tion, randomized, placebo-controlled studies have shown a posi
tive relationship between maternal intake and umbilical cord 
concentrations.2

The best dietary sources for PUFAs are seafood— namely, oily 
fish such as salmon, sardines, and anchovies— as well as oils from 
some plants, such as flax seeds and walnuts.28,29 The Food and 
Drug Administration (FDA) recommends that pregnant 
women consume 200 to 300 mg/day o f DHA, which can be 
achieved by consuming 1 to 2 servings (8 to 12 ounces) o f 
fish per week. However, the average pregnant or lactating 
woman consumes only 52 mg/day o f DHA and 20 mg/day 
o f EPA.30 For those women with insufficient seafood consump
tion, alternate sources of DHA include fish oil supplements 
(150 to 1200 mg/day), enhanced prenatal vitamins (200 to 
300 mg/day), DHA-enriched eggs (up to 150 mg/egg), and the 
plant oils listed above.31 Regarding seafood consumption, the 
American College of Obstetricians and Gynecologists (ACOG) 
encourages women who are pregnant, planning to become preg
nant, or breastfeeding to follow the updated FDA recommenda
tions to avoid fish with the highest mercury concentration, 
specifically tilefish, shark, swordfish, and king mackerel. 
They should also limit consumption o f white albacore tuna 
to 6 oz/week.12

During the third trimester of pregnancy and the first 2 years 
of infancy, brain development occurs rapidly, and DHA sup
plementation has been well studied during this period.33 The 
best evidence in support o f PUFA supplementation comes 
from studies that show a positive relationship between PUFA 
supplementation and neurodevelopmental outcomes in chil
dren.3 4,35 Results of randomized, controlled trials have generally 
supported these findings. For example, one study used cod liver
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oil supplementation from 18 weeks gestational age until 12 
weeks postpartum and found children’s mental processing scores 
at 4 years of age correlated significantly with maternal intake 
of DHA.35 However, other randomized, controlled trials have 
found no difference in cognitive and language scores between 
offspring of women supplemented with fish oil during preg
nancy and those who received placebo.36 A recently published 
follow-up study showed that at 18 months of age, children of 
mothers who were supplemented with 800 mg of DHA during 
pregnancy showed no difference in mean cognitive, language, or 
motor scores, although fewer children in the DHA group had 
delayed development compared with controls.37

In addition to the well-studied effects of PUFA on fetal brain 
development, much interest has been paid to other potential ben
efits of DHA supplementation during pregnancy. For instance, 
dietary supplementation with PUFA has been promoted as 
a means to prolong gestation and prevent prematurity. This 
hypothesis originated after an epidemiologic study compared 
the diets of women in Denmark to those of the Faroe Islanders, 
and researchers noted that the seafood-based diet of the island 
population was associated with higher birthweight (+225 g) at 
term.38 This association spawned subsequent research; however, 
a Maternal Fetal Medicine Network trial did not find evi
dence that fish oil supplementation decreased the risk of 
preterm delivery in high-risk patients.39 However, moderate 
fish intake of up to three meals/week before 22 weeks gestation 
was associated with a decreased risk of preterm birth.40 Although 
older trials of PUFA supplementation purported an increase in 
birthweight because of prolonged gestational age,41 more recent 
trials have reported a decrease in birthweight after adjusting for 
gestational age.42,43 Thus at present, evidence is insufficient to 
recommend PUFA supplementation as a means to reduce the 
risk of preterm birth.

VITAMIN AND MINERAL 
SUPPLEMENTATION GUIDELINES 
Dietary Reference Intakes
To address the changing nutritional needs of the American 
population, the Food and Nutrition Board of the IOM estab
lished the first Dietary Reference Intakes (DRIs) in 1997. These 
values moved beyond the traditional Recommended Daily 
Allowances (RDAs) to focus on the prevention of chronic 
disease, and the DRIs provide a range for safe and appropriate 
intake, as well as tolerable upper limit, based on the available 
research. The DRIs include four dietary reference values for 
every life stage and gender group. These include (1) estimated 
average requirement, (2) recommended dietary allowance, 
(3) adequate intake, and (4) tolerable upper intake level (UL). 
At present, DRIs have been established for vitamin A, the carot- 
enoids, the B vitamins, vitamin C, vitamin D, vitamin K, folate, 
calcium, choline, chromium, copper, fluoride, iodine, iron, 
magnesium, manganese, molybdenum, phosphorus, biotin, 
pantothenic acid, selenium, and zinc. Recommendations regard
ing the intake of other nutrients will be available over the next 
decade as the scientific evidence is evaluated (Table 7-5).44

Tolerable Upper Intake Level
The UL is the highest level of daily nutrient intake that is 
unlikely to pose risks of adverse health effects to almost all (97% 
to 98%) of the individuals in a specified life stage and gender 
group (see Table 7-5).

Routine vitamin/mineral supplementation for women who 
report appropriate dietary intake and demonstrate adequate 
weight gain (without edema) is not mandatory. However, 
most health care providers prescribe a prenatal vitamin and 
mineral supplement because many women do not meet their 
nutritional requirements during the first trimester, especially 
with regard to folic acid and iron.

V it a m in s  
Vitamin A
Vitamin A is a fat-soluble vitamin that exists in various com
pounds, including retinal, retinyl esters, retinol, and retinoic 
acid. Retinoic acid is the most active form of vitamin A. Retinol 
is considered preformed vitamin A. In plants, vitamin A exists 
in its precursor forms, such as provitamin A, carotenoids (e.g. 
beta-carotene), and cryptoxanthin. Vitamin A is required for cell 
differentiation, regulation of gene expression, and for the devel
opment of the vertebrae, spinal cord, limbs, heart, eyes, and ears.

Severe vitamin A deficiency is rare in the United States, and 
an adequate intake of vitamin A is readily available in a healthy 
diet. Women with lower socioeconomic status, however, may 
consume diets with inadequate amounts of vitamin A. Vitamin 
A deficiency during pregnancy weakens the immune system, 
increases risk of infection, and has been linked with night blind
ness. However, increasing dietary intake of vitamin A is advised, 
rather than supplementation, because excess retinol intake is a 
known human teratogen. Excess vitamin A causes abnormalities 
of the cranial neural crest cells, resulting in cardiac and cranio
facial defects that include microcephaly.45

The DRI for vitamin A during pregnancy is 770 |J,g/day, 
and the tolerable UL has been established at 3000 |Ig/day.46 
Over-the-counter multivitamin supplements may contain 
excessive doses o f vitamin A and therefore should be discon
tinued during pregnancy. Additionally, topical creams that 
contain retinol derivatives, commonly used to treat acne, 
should be avoided during pregnancy and in women trying 
to conceive.

Vitamin D
Vitamin D intake is essential for proper absorption of calcium, 
normal bone health, and skeletal homeostasis. During preg
nancy, vitamin D is also critically important for fetal growth 
and development as well as for regulation o f genes associated 
with normal implantation and angiogenesis. Low maternal 
vitamin D status has been associated with reduced intrauterine 
long-bone growth, shorter gestation, congenital rickets, and 
fractures in the newborn. Low maternal vitamin D status may 
also have consequences for fetal imprinting that may affect neu
rodevelopment, immune function, and chronic disease suscep
tibility soon after birth and later in life.

Maternal vitamin D status may also be an independent risk 
factor for preeclampsia, and supplementation may be helpful in 
preventing this complication and in promoting neonatal well
being.47 However, these data come from observational studies, 
and prospective cohort studies have not found an association.48 
A recent multicenter European trial examined whether vitamin 
D supplementation (1600 IU/day) can improve maternal 
glucose metabolism.49

The recommended intake of vitamin D during pregnancy and 
lactation is 600 IU/day.50 Recent studies have shown that low 
maternal vitamin D levels are common during pregnancy, even 
in patients who take daily prenatal vitamins that contain 400 IU
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TABLE 7-5 DIETARY REFERENCE INTAKES: RECOMMENDED DAILY INTAKES FOR INDIVIDUALS

VITAMIN/MINERAL AGE (YR) NONPREGNANT PREGNANT UPPER INTAKE LEVELS

Vitamin A (}lg) <18 700 750-1200 2800
19-30 700 770-1300 3000
31-50 700 770-1300 3000

Vitamin C (mg) <18 65 80 1800
19-30 75 85 2000
31-50 75 85 2000

Vitamin D ((ig) <18 15 15 100
19-30 15 15 100
31-50 15 15 100

Vitamin E (mg) <18 15 15 800
19-30 15 15 1000
31-50 15 15 1000

Vitamin K (|lg) <18 75 75 ND
19-30 90 90 ND
31-50 90 90 ND

Thiamin (mg) <18 1.1 1.4 ND
19-30 1.1 1.4 ND
31-50 1.1 1.4 ND

Riboflavin (mg) <18 1.1 1.4 ND
19-30 1.1 1.4 ND
31-50 1.1 1.4 ND

Niacin (mg) <18 14 18 30
19-30 14 18 35
31-50 14 18 35

Vitamin B6 (mg) <18 1.2 1.9 80
19-30 1.3 1.9 100
31-50 1.3 1.9 100

Folate (|!g) <18 400 600 800
19-30 400 600 1000
31-50 400 600 1000

Vitamin B12 (,Ugj <18 2.4 2.6 ND
19-30 2.4 2.6 ND
31-50 2.4 2.6 ND

Pantothenic acid (mg) <18 5 6 ND
19-30 5 6 ND
31-50 5 6 ND

Biotin (|lg) <18 25 30 ND
19-30 30 30 ND
31-50 30 30 ND

Choline (mg) <18 400 450 3000
19-30 425 450 3500
31-50 425 450 3500

Calcium (mg) <18 1300 1300 3000
19-30 1000 1000 2500
31-50 1000 1000 2500

Chromium (fig) <18 24 29 ND
19-30 25 30 ND
31-50 25 30 ND

Copper (|Xg) <18 890 1000 8000
19-30 900 1000 10000
31-50 900 1000 10000

Fluoride (mg) <18 3 3 10
19-30 3 3 10
31-50 3 3 10

Iodine (|lg) <18 150 220 900
19-30 150 220 1100
31-50 150 220 1100

Iron (mg) <18 15 27 45
19-30 18 27 45
31-50 18 27 45

Magnesium (mg) <18 360 400 350
19-30 310 350 350
31-50 320 360 350
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VITAMIN/MINERAL AGE (YR) NONPREGNANT PREGNANT UPPER INTAKE LEVELS

Phosphorous (mg) <18 1250 1250 4000
19-30 700 700 4000
31-50 700 700 4000

Selenium (jig) <18 55 60 400
19-30 55 60 400
31-50 55 60 400

Zinc (mg) <18 9 12 34
19-30 8 11 40
31-50 8 11 40

DRIs are included for calcium, phosphorous, magnesium, vitamin D, and fluoride (1997); for thiamin, riboflavin, niacin, vitamins B6 and B12, folate, pantothenic acid, biotin, and 
choline (1998); for vitamins C and E, selenium, and the carotenoids (2000); for vitamins A and K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, 
silicon, vanadium, and zinc (2001); and for calcium and vitamin D (2011). Reports were accessed April 24, 2015; available online at http://www.iom.edu/Activities/Nutrition/ 
SummaryDRIs/DRI-Tables.aspx.
ND, not determined.

of vitamin D. Lee and colleagues51 found that 50% of mothers 
and 65% of newborns infants were significantly vitamin D 
deficient at the time of birth despite daily supplementation with 
400 IU of vitamin D and drinking two glasses of vitamin D 
fortified milk. Poor vitamin D status is also significantly more 
common among black pregnant women.52,53

Vitamin D supplementation is advised for women who are 
strict vegetarians, those with limited exposure to sunlight, 
and those who avoid dairy foods. To evaluate vitamin D 
levels during a preconception or prenatal visit, serum
25-hydroxy-D levels should be evaluated. Most experts agree 
that 20 ng/mL (50 nmol/L) are needed daily for optimal bone 
health. Supplementation with 1000 to 4000 IU per day of 
vitamin D is safe during pregnancy.54

Vitamin C
Vitamin C, also known as ascorbic acid, is a water-soluble vitamin 
and antioxidant that functions to reduce free radicals and also 
aids in procollagen formation. Adequate vitamin C is also 
needed for iron uptake. Women who smoke have an increased 
need for vitamin C. Current recommendations indicate that 
pregnant women should consume 85 mg/day rather than the 
75 mg/day recommended for nonpregnant adult women. The 
increased requirement protects against depleted plasma vitamin 
C levels and ensures that adequate vitamin C is transported 
to the developing fetus. No human studies have been done to 
examine the effects o f large doses of vitamin C  on fetal growth 
and development. Because it is known that vitamin C is actively 
transported from the maternal to the fetal circulation, a tolerable 
upper intake has been set at 1800 to 2000 mg/day.55

The hypothesis that oxidative stress contributes to devel
opment o f preeclampsia has spurred interest in the use o f 
antioxidants for prevention o f the disease. However, several 
large, randomized placebo-controlled studies and a Cochrane 
review have shown no benefit. 6 Thus supplementation with 
antioxidant vitamins C and E for the prevention o f pre
eclampsia is not recommended/

Vitamin B6
Vitamin B6, also known as pyridoxine, is a water-soluble 
B-complex vitamin that serves as a coenzyme in protein, carbo
hydrate, and lipid metabolism. Vitamin B6 is involved in the 
synthesis of heme compounds and aids in the formation of 
maternal and fetal red blood cells, antibodies, and neurotrans
mitters. Research shows that supplemental vitamin B6 is

effective at relieving nausea and vomiting during pregnancy.58
Whereas a recent Cochrane review of hyperemesis protocols 
could not draw firm conclusions about the efficacy of vitamin 
B6, evidence was sufficient for ACOG to support monotherapy 
with B6 as a first-line treatment to reduce nausea and vomiting 
(10 to 25 mg three times a day).59,60 Because excessive amounts 
of vitamin B6 can cause numbness and nerve damage, the toler
able upper intake level for pregnant women was established at 
100 mg/day.

Vitamin K
Vitamin K, a fat-soluble vitamin, is required for synthesis of 
clotting factors II, VII, IX, and X. Transportation of vitamin K 
from mother to fetus is limited; nevertheless, significant bleed
ing problems in the fetus are rare. However, newborn infants are 
often functionally deficient in vitamin K and receive parenteral 
supplementation at birth. The DRI for vitamin K is 90 mg for 
pregnant and nonpregnant women; the tolerable UL has not 
been established.55

Folate
Folate and its metabolically active form tetrahydrofolate func
tion as coenzymes in one-carbon transfer reactions for the syn
thesis of nucleic acids and several amino acids. Therefore 
adequate levels o f dietary folate are important for fetal and 
placental development and are needed to support rapid cell 
growth, replication, cell division, and nucleotide synthesis.61 
Because embryonic neural tube closure is complete by 18 to 
28 days after conception, it is critical that pregnant women 
consume adequate folate before and during the first 4 weeks 
of embryologic development (6 weeks gestational age by last 
menstrual period [LMP]). Demand for folate is also increased 
during the second and third trimesters to support maternal 
erythropoiesis.

Unfortunately, folate deficiency is the most prevalent vitamin 
deficiency during pregnancy.62 Folate deficiency in humans is 
attributed to suboptimal dietary intake, behavioral and environ
mental factors, and genetic defects. Humans cannot synthesize 
folate and are therefore entirely dependent on dietary sources or 
supplements to meet their requirements. In 1992, the U.S. 
Centers for Disease Control and Prevention (CDC) recom
mended that all women of childbearing age take 400 jig/day of 
supplemental folate to ensure the presence of adequate folate 
levels when pregnancy occurs, whether intended or not.63 The 
DRI for folate in women o f childbearing age is 400 fig/day;
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for pregnant women it is 600 |i.g/day. The tolerable UL for 
folate has been established at 1000 |lg/day. Additionally, evi
dence suggests that the long-term use of oral contraceptives 
inhibits folate absorption and enhances folate degradation in the 
liver.64 Therefore folate stores may be more rapidly depleted in 
women who have used oral contraceptives, which may lead to a 
higher incidence of folate deficiency in such women if  they 
become pregnant.

FOLATE AND NEURAL TUBE DEFECTS
Neural tube defects (NTDs) occur in 1.4 to 2 per 1000 pregnan
cies and are second only to cardiac anomalies in terms of the 
most common congenital malformations worldwide.65 Preva
lence varies according to race and ethnicity. Hispanic women 
have the highest rates, whereas black women and Asian women 
have the lowest rates.66 Women who have had a previous preg
nancy affected by an NTD or who are personally affected by an 
NTD are at a higher risk (2% to 3% ).67 A family history of a 
close family member (sibling, niece, or nephew) with an NTD 
raises a woman’s risk of an affected pregnancy to approximately 
1%, as does maternal diabetes or the consumption of certain 
antiseizure medications such as valproic acid or carbamazepine. 
A higher risk of NTDs is also associated with increased maternal 
weight.68 However, 95% of children with NTDs are born to 
couples without any family history of NTDs.69

The etiology o f NTDs is thought to be insufficient folate 
intake coupled with the increased folate demands o f preg
nancy. A genetic defect in the production of enzymes involved 
in folate metabolism has also been linked to NTDs.62 The neural 
tube is formed very early in pregnancy, between 18 and 28 days 
post conception. Defects in the formation of the neural tube 
include the absence of brain formation (anencephaly), defects in 
the closure of the lower tube (spina bifida), and open NTDs 
(meningoceles and myoceles). The early formation and the 
detrimental effects o f folate deficiency on neural tube forma
tion are the basis behind the recommendation that folate 
supplementation begin prior to conception and be continued 
at least through the first trimester o f pregnancy. 11

FOLATE SUPPLEMENTATION
Several randomized, controlled, and observational trials have 
shown that periconceptional and early pregnancy consump
tion o f folate supplements can reduce a woman’s risk for 
having an infant with an NTD by as much as 50% to 70% .62 
Since the U.S. government began the Folate Fortification 
Program in 1998, cereals, pastas, rice, and breads have been 
fortified with folate, and NTD rates have declined.66 Using data 
from eight population-based birth defect surveillance systems 
with prenatal diagnosis of NTDs, the CDC reported that the 
prevalence of NTDs in the United States declined from an 
estimated 4000 cases between 1995 and 1996 to 3000 cases 
from 1999 through 2000. 1 This 26% decrease in NTD-affected 
pregnancies highlights the success of this public health policy. 
Using a similar level of folate fortification, a Canadian study 
showed a 46% reduction in the prevalence of NTDs.72 The 
higher baseline rate of NTDs compared with the United States 
might explain the greater risk reduction.

In women with a previous pregnancy affected by an NTD, 
research has shown that supplementation with 4000 |Ag/ 
day (4 mg/day o f folate initiated at least 1 month prior to 
attempting to conceive and continued throughout the first 
trimester o f pregnancy reduced the risk o f a repeat NTD

TABLE 7-6 DIAGNOSIS OF ANEMIA IN PREGNANCY

FIRST SECOND THIRD
LAB TEST TRIMESTER TRIMESTER TRIMESTER

Hemoglobin (g/dL) <11 10.5 <11
Hematocrit (%) <33 32 <33

Data from U.S. Centers for Disease Control and Prevention (www.cdc.gov).

by 72% .61 Whereas no definitive evidence proves that other 
high-risk groups such as close family members o f affected 
individuals, diabetics, or women on antiseizure medica
tions will benefit from higher levels o f supplementation, 
many experts recommend a higher dose o f folate—at least 
1000 (Ig/day—before conception and in early pregnancy. For 
these women, a separate folate supplement should be prescribed; 
additional doses of multivitamins should not be used. Addi
tional daily multivitamin consumption could lead to toxicity of 
other vitamins, particularly vitamin A, which is teratogenic to 
the developing fetus.63

Minerals 
Iron
Iron is an essential component of hemoglobin production, and 
requirements increase significantly during pregnancy. Additional 
iron is needed to expand maternal red cell volume by 20%  to 
30% , and iron is also required for fetal and placental tissue 
production. Through out pregnancy, an additional 450 mg of 
iron is delivered to the maternal marrow, and 250 mg of iron 
is depleted from blood loss during delivery. It is estimated that 
approximately 1000 mg of iron is required during pregnancy. 
The DRI has been established at 27 mg/day in pregnancy, com
pared with 18 mg/day for nonpregnant women. The tolerable 
upper intake for iron has been established at 45 mg/day.46

M aintaining adequate iron stores is important but difficult 
for many women during pregnancy. According to the CDC, 
screening for anemia should take place prior to pregnancy and 
during the first, second, and third trimesters in high-risk indi
viduals, as shown in Table 7-6. Iron deficiency anemia increases 
the risk of maternal and infant death, preterm delivery, and low 
neonatal birth weight. Anemia also negatively impacts normal 
infant brain development and function. The prevalence of iron 
deficiency in pregnancy is higher in black women, low-income 
women, teenagers, women with less than a high school educa
tion, and women with multiple gestations.73

As shown in Table 7-6, hemoglobin less than 11 g/dL or 
hematocrit below 33%  in the first or third trimester indicates 
anemia. Hemoglobin less than 10.5 g/dL or hematocrit 
below 32%  in the second trimester also indicates anemia.

Additional laboratory findings include microcytic hypochro
mic anemia with evidence of depleted iron stores, low plasma 
iron levels, high total iron-binding capacity, and low serum fer
ritin levels. Ferritin levels less than 10 to 15 Mg/L have the 
highest sensitivity and specificity for diagnosing iron deficiency 
in the anemic patient.

Prenatal care providers generally recommend daily iron 
supplementation with 30 mg o f elemental iron in the form 
of simple salts beginning around the twelfth week o f preg
nancy for women who have normal preconception hemoglo
bin measurements (Table 7-7).7-1 For women who are pregnant 
with multiples or for those with low preconception hemoglobin 
levels, a supplement of between 60 and 100 mg/day of elemental
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TABLE 7-7 ORAL IRON SUPPLEMENTS______________
ORAL SUPPLEMENT ELEMENTAL IRON

Ferrous fiimarate 106 mg/tablet
Ferrous sulfate 65 mg/tablet
Ferrous gluconate 28-36 mg/tablet

Data from the American College of Obstetricians and Gynecologists. ACOG Practice 
Bulletin No. 95: Anemia in pregnancy. Obstet Gynecol. 2008;! 12(l):201-207.

iron is recommended until hemoglobin concentrations have 
normalized, after which supplementation can be decreased to 
30 mg/ day. 75

For women with severe iron deficiency, those who cannot 
tolerate oral iron, or those with malabsorption syndromes, par
enteral iron can be used. Parenteral iron is especially valuable for 
increasing hemoglobin levels faster than oral iron. One random
ized, controlled trial of oral versus intravenous (IV) iron sucrose 
showed that IV iron significantly increased hemoglobin levels 
after both 5 and 14 days, whereas women treated with an oral 
supplement showed no improvement. However, by day 40, no 
significant difference between the hemoglobin levels of the two 
groups was noted.76

Iron supplements may produce gastrointestinal (GI) side 
effects, namely constipation and nausea, which should be taken 
into account when prescribing the course of treatment. Defer
ring supplementation until the second trimester, when iron 
requirements increase and nausea has waned, may be helpful to 
improve adherence. Nausea resulting from iron supplements can 
be minimized by taking the supplement following a meal; 
however, this may decrease total iron absorption. Recommend
ing bulk laxatives and/or stool softeners when prescribing iron 
supplements may also improve adherence.

Antacids impair iron absorption and should not be taken 
concurrently; this is of particular importance during the third 
trimester, when gastroesophageal reflux is common. Iron is 
better absorbed if  the maternal diet contains adequate amounts 
of vitamin C. Occasionally, pregnant women develop pica and 
ingest nonfood substances such as clay, dirt, or ice. Iron defi
ciency has been postulated to cause pica, but certain cultural 
influences may also lead to these practices. Pregnant women 
with iron deficiency should be questioned about ingestion of 
these nonfood substances, and women experiencing pica should 
be tested for iron deficiency. Pica is mostly of concern if  it pre
vents the mother from consuming nutrient-rich foods or if  the 
materials she consumes contain toxic components.

Calcium
Large quantities of calcium are essential for the development of 
the fetal skeleton and tissues and for hormonal adaptations 
during pregnancy. These include changes in calcium regulatory 
hormones that affect intestinal absorption, renal reabsorption, 
and bone turnover of calcium. The presence of l,25(O H )2D3 
stimulates increased intestinal absorption of calcium during the 
second and third trimesters, which protects maternal bone while 
meeting fetal calcium requirements. In contrast to maternal iron 
and folate stores, which are relatively small and easily depleted, 
maternal calcium stores are large and are mostly stored skeletally, 
allowing for easy mobilization. Fetal calcium needs are highest 
during the third trimester, when the fetus utilizes an average of 
300 mg/day in response to the increased maternal l,25(O H )2D3. 
Studies suggest that inadequate calcium during pregnancy is

associated with gestational hypertension, preterm delivery, and 
preeclampsia.77’78

The DRI for calcium in pregnant women 19 to 50 years old 
is 1000 mg/day, and it is 1300 mg/day for adolescent females 
ages 9 to 19. Adolescents may need additional calcium during 
pregnancy because their own bones still require calcium deposi
tion to ensure adequate bone density. The tolerable upper intake 
for calcium during pregnancy is 2500 mg/day.79 Obtaining 
adequate dietary calcium is difficult for many women before and 
during pregnancy, and supplementation may be needed, espe
cially for black, Hispanic, and Native American women. Con
suming at least three servings of dairy foods every day, including 
calcium-fortified juices and beverages, can help meet these 
requirements. Women who lim it their intake of dairy foods 
because of lactose intolerance may be able to tolerate yogurt and 
cheese on a daily basis but may also require a supplement. 
Calcium carbonate, gluconate, lactate, or citrate may provide 
500 to 600 mg/day of calcium to account for the difference 
between the amount of calcium required and that consumed. 
The standard prenatal vitamin typically contains 150 to 
300 mg per tablet. Multivitamins marketed to the nonpregnant 
population generally have less than 200 mg per tablet. Calcium 
is thought to be absorbed in doses of 600 mg at one time, 
making it unlikely that pregnant women would reach the upper 
tolerable limit.

The data concerning the role of calcium in preventing 
pregnancy-induced hypertension or preeclampsia remain con
troversial. Whereas calcium supplementation has been shown to 
decrease blood pressure and preeclampsia in smaller studies, 
larger trials have failed to show an effect.78,80 Evidence has shown 
that calcium supplementation reduces the risk of developing 
hypertension during pregnancy but only in women who did not 
have adequate calcium intake prior to supplementation.63 It is 
prudent to ensure women are meeting their calcium require
ments for their age and to stress the importance of adequate 
calcium intake before and during pregnancy.

Zinc
Zinc is involved in catalytic, structural, and regulatory functions 
for nucleic acid and protein metabolism. More than 100 enzymes 
require zinc, and maternal zinc deficiency can lead to prolonged 
labor, IUGR, teratogenesis, and embryonic or fetal death.52 The 
DRI for pregnant women is 11 mg/day and may be higher for 
vegetarians or vegans because phytates from whole grains and 
beans bind with zinc and can reduce absorption. The tolerable 
upper intake for zinc has been established at 40 mg/day for both 
pregnant and nonpregnant women. Pregnant women who eat 
well-balanced diets do not typically require zinc supplementa
tion. However, if  a woman is prescribed more than 60 mg/day 
of elemental iron, zinc supplementation is recommended because 
iron competes with zinc for absorption.

Choline
Choline is an essential nutrient needed for cell signaling and 
structural cell membrane integrity. It is critical for stem cell 
proliferation and apoptosis. Demand for choline is high during 
pregnancy because maternal choline is transported to the fetus 
to aid in brain and spinal cord development.81 Adequate choline 
is needed for normal fetal neural development and function, and 
it is essential for memory.82 Choline is derived not only from 
the diet but also from de novo synthesis. The current recom
mendation for choline during pregnancy is 450 mg/day, and it
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is 550 mg/day for breastfeeding mothers. Dietary sources of 
choline include eggs (126 mg/egg), tofu (100 mg/3 oz), lean 
beef (67 mg/3 oz), Brussels sprouts (62 mg/cup cooked), cauli
flower (62 mg/% cup cooked), navy beans (48 mg/Vi cup 
cooked), peanut butter (20 mg/2 tablespoons), and skim milk 
(38 mg/cup).

NUTRITION-RELATED PROBLEMS 
DURING PREGNANCY 
Nausea and Vomiting
During pregnancy, nausea and vomiting commonly occur 
between 5 and 18 weeks of gestation and typically improve 
by 16 to 18 weeks. As many as 15% to 20% of women expe
rience these symptoms until the third trimester, and 5% 
of women suffer these up until delivery. Between 50% and 
90% of women have some degree of nausea with or without 
vomiting, but only a small percentage of these require hospi
talization for severe hyperemesis gravidarum.8’ Women with 
hyperemesis may vomit multiple times throughout the day, 
lose more than 5% o f their prepregnancy body weight, and 
usually require hospitalization for dehydration and electro
lyte replacement.

The causes of pregnancy-related nausea and vomiting are 
unclear but may be related to increased levels of human chori
onic gonadotropin (hCG), which doubles every 48 hours in 
early pregnancy and peaks at about 12 weeks gestation. Studies 
show that women are more likely to have nausea or vomiting 
during pregnancy if  they (1) are pregnant with twins or higher 
multiples; (2) have a history of nausea and vomiting in a previ
ous pregnancy; (3) have a history of nausea or vomiting as a side 
effect of taking birth control pills; (4) have a history of motion 
sickness; (5) have a relative (mother or sister) who had morning 
sickness during pregnancy; or (6) have a history of migraine 
headaches.

Strategies for managing nausea and vomiting during preg
nancy are shown in Box 7-1. After following these recommen
dations, vitamin B6 (10 to 25 mg three times daily) can be 
considered as first-line treatment for nausea and vomiting 
during pregnancy. Ginger and acupuncture may also be helpful 
to treat nausea during pregnancy.58'84

BOX 7-1 STRATEGIES FOR MANAGING NAUSEA, 
VOMITING, HEARTBURN, AND INDIGESTION 
IN PREGNANCY

• Eat sm a ll, lo w -fa t m ea ls  and snacks (fru its , p re tze ls, 
c rackers, n o n fa t y o g u rt) .

• Eat s lo w ly  and fre q u e n tly .
• A v o id  s tro n g  fo o d  o d o rs  b y  e a ting  ro o m  te m p e ra tu re  o r 

co ld  fo o d s  and us in g  g o o d  v e n tila tio n  w h ile  co o k in g .
• D rin k  f lu id s  b e tw e en  m ea ls  ra th e r th a n  w ith  m eals.
• A v o id  fo o d s  th a t m a y  cause s to m a ch  ir r ita t io n  such  as 

s p e a rm in t, p e p p e rm in t, ca ffe in e , c itru s  fru its , sp icy  
fo o d s , h ig h -fa t fo o d s , o r  to m a to  p ro d u c ts .

• W a it 1-2 h o u rs  a fte r e a tin g  a m ea l b e fo re  ly in g  d o w n .
• Take a w a lk  a fte r m eals.
• W e a r lo o s e -fitt in g  c lo th es .
• B rush te e th  a fte r e a tin g  to  p re v e n t s y m p to m s .

Heartburn and Indigestion
Heartburn and indigestion affect two thirds of pregnant women 
and are usually caused by gastric content reflux that results from 
both lower esophageal pressure and decreased motility second
ary to increased progesterone.84 Limited gastric capacity due to 
a shift of organs to accommodate the growing fetus contributes 
to these symptoms in the third trimester of pregnancy. Strate
gies for managing heartburn and indigestion are also shown in 
Box 7-1.

Constipation
Fifty percent of pregnant women experience constipation at 
some point during their pregnancy, which is often associated 
with straining, hard stools, and incomplete evacuation rather 
than infrequent defecation. Constipation during pregnancy is 
associated with smooth muscle relaxation, an increase in water 
reabsorption from the large intestine, and slower GI motility. 
Pregnant women often note overall GI discomfort, a bloated 
sensation, an increase in hemorrhoids and heartburn, and 
decreased appetite. Constipation can also be aggravated by iron 
supplements. Strategies for managing constipation during preg
nancy are shown in Box 7-2.

Food Contamination
Both the pregnant woman and her unborn fetus are more sus
ceptible to food poisoning secondary to hormonal changes asso
ciated with pregnancy. Pathogens o f special concern during 
pregnancy include Listeria monocytogenes, Toxoplasma 
gondii, Salmonella species, and Campylobacter jejuni. These 
organisms can cross the placenta and therefore pose a risk of 
foodborne infection to the developing fetus.85 To avoid listerio
sis, pregnant women should be advised to wash vegetables and 
fruits well; cook all meats to minimum safe internal tempera
tures; avoid processed, precooked meats (cold cuts, smoked 
seafood, pate) and soft cheeses (brie, blue cheese, Camembert, 
and Mexican queso bianco [white cheese]); and only consume 
dairy products that have been pasteurized. All foods should be 
handled in a sanitary and appropriate manner to prevent bacte
rial contamination. Toxoplasmosis can be passed to humans by 
water, dust, and soil or by eating contaminated foods, and cats 
are the main host of T. gondii. Toxoplasmosis most often results 
from eating raw or uncooked meat, unwashed fruits and vege
tables, and by cleaning a cat’s litter box or handling contami
nated soil. Salmonella and Campylobacter can be found in raw, 
unpasteurized milk; raw or undercooked meat and poultry; eggs,

BOX 7-2 STRATEGIES FOR MANAGING CONSTIPATION 
IN PREGNANCY

• Increase f lu id  in take  by  d r in k in g  w a te r, h e rb a l teas, and  
n o n c a ffe in a te d  beve rages.

• Increase d a ily  f ib e r  in take  by  e a tin g  h ig h -fib e r  cerea ls , 
w h o le  g ra in s , le g u m e s , and b ran .

• Use a p s y lliu m  fib e r  s u p p le m e n t (e.g., M e ta m u c il).
• Increase  c o n s u m p tio n  o f  fre sh , fro ze n , o r  d rie d  f ru its  and 

ve g e ta b le s .
• P a rtic ipa te  in m o d e ra te  p h ys ica l a c tiv ity  such  as w a lk in g , 

s w im m in g , o r  yoga .
• Take s to o l s o fte n e rs  in c o n ju n c tio n  w ith  iron  

s u p p le m e n ta tio n .

Courtesy Lisa Hark, PhD, RD. Courtesy Lisa Hark, PhD, RD.
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salads, cream desserts, and dessert fillings; and untreated water. 
To avoid infection, pregnant women should wash their hands 
often, especially after handling animals or working in the garden, 
and they should avoid undercooked food and unpasteurized 
juices. All surfaces that come into contact with raw meat, fish, 
or poultry should also be washed with hot soapy water.85

Food contaminated with heavy metals can also produce dev
astating neurotoxic and teratogenic effects in the developing 
fetus that may result in miscarriage, stillbirth, premature labor, 
or other fetal complications.86 In particular, case reports of tera
togenicity or embryotoxicity have been reported with exposure 
to methyl mercury, lead, cadmium, nickel, and selenium. 
Mercury can be removed from vegetables by peeling them or by 
washing them well with soap and water. All dairy foods and 
juices consumed during pregnancy should be pasteurized.87'89

SPECIAL NUTRITIONAL CONSIDERATIONS 
DURING PREGNANCY 
Caffeine
Caffeine is metabolized slowly in pregnancy and passes readily 
through the placenta to the fetus. Moderate caffeine intake is 
common during pregnancy, however, women who are preg
nant or trying to become pregnant should limit their caffeine 
intake to no more than 200 mg/day, the equivalent of one 
12-ounce cup of coffee. Other sources of caffeine include teas, 
hot cocoa, chocolate, energy drinks, coffee ice cream, and soda. 
M any studies have looked for a correlation between high caffeine 
intake and miscarriage, preterm birth, and IUGR. Review of the 
available literature reveals that moderate caffeine consumption 
(<200 mg per day) is not a major contributing factor to miscar
riage or preterm birth.

Vegetarian and Vegan Diets
Balanced vegetarian diets— those that exclude meat, fish, and 
poultry but still include dairy and eggs— have not been linked 
to any significant health effects during pregnancy.90 Research 
from vegetarian populations worldwide reveals that macronutri
ent intake of pregnant vegetarians is similar to that of pregnant 
nonvegetarians, except that vegetarians consume less protein 
and more carbohydrates. Vegan diets— those that exclude all 
animal products, including eggs and dairy— may provide 
insufficient iron, essential amino acids, trace minerals (zinc), 
vitamin BU) vitamin D, calcium, and PUFAs to support 
normal embryonic and fetal development. Thus it is recom
mended that patients who follow a vegan diet meet with a 
dietitian early during the pregnancy to analyze their nutri
tional intake and assess any necessary supplementation that 
should be added. For example, fortified vegetarian food prod
ucts are now widely available and include some nondairy m ilk 
with added calcium and vitamin D, meat substitutes that contain 
protein, and fortified juice and breakfast cereals.90

Herbal Supplements
Because of the unregulated nature of herbal supplements, they 
are generally not recommended for consumption during preg
nancy. In addition, data are sparse regarding their use during 
pregnancy, and the strength and purity of supplements can vary 
widely among products and manufacturers. Despite this, the 
consumer market for complementary and alternative treatments 
continues to grow. Studies have shown that pregnant women 
often choose herbal supplements because their use represents a

holistic approach to health and overall wellness. The best-studied 
herb in the pregnancy literature is ginger, which has been used 
for centuries for nausea and vomiting.91 Experts recommend a 
trial of 250 mg capsules three times daily or consumption of 
ginger tea. Whereas countless other herbs and supplements 
certainly hold potential benefits, more research is needed 
before any o f these supplements can be safely recommended 
in pregnancy.
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OVERVIEW
The placenta allows the transfer of many drugs and dietary 
substances. Lipid-soluble compounds readily cross the placenta, 
and water-soluble substances pass less well the greater their 
molecular weight. The degree to which a drug is bound to 
plasma protein also influences the amount of drug that is free 
to cross the placenta. Virtually all drugs cross the placenta to 
some degree, with the exception o f large molecules such as 
heparin and insulin.

Developmental defects in humans may result from genetic, 
environmental, or unknown causes. Approximately 25% are 
unequivocally genetic in origin; drug exposure accounts for only 
2% to 3% of birth defects. Approximately 65% of defects are 
of unknown etiology, but most are thought to be combinations 
of genetic and environmental factors.

The incidence o f major malformations in the general pop
ulation is 2% to 3%.' A major malformation is defined as one 
that is incompatible with survival, such as anencephaly; one 
that requires major surgery for correction, such as cleft palate or 
congenital heart disease; or one that produces major dysfunc
tion, such as mental retardation. If minor malformations are also 
included, such as ear tags or extra digits, the rate may be as high 
as 7% to 10%. The risk of malformation after exposure to a drug 
must be compared with this background rate.

Species specificity is marked in drug teratogenesis. For 
example, thalidomide was not found to be teratogenic in rats 
and mice but is a potent human teratogen. However, it was 
thought that the original animal studies were flawed because 
subsequent studies found teratogenicity in mice, rats, rabbits, 
and monkeys. Animal studies can be used to estimate human 
risk in about 24% of drugs.

The Teratology Society suggested abandoning the U.S. Food 
and Drug Administration (FDA) letter classification,2 and 20 
years later, this has finally occurred. The categories implied that 
risk increases from category A to X. However, the drugs in 
different categories may pose similar risks but be in different 
categories based on risk/benefit considerations. The categories 
create the impression that drugs within a category present similar 
risks, whereas the category definition permits inclusion in the 
same category of drugs that vary in type, degree, or extent of 
risk, depending on potential benefit. The risks and benefits of a 
drug’s use in pregnancy are described in this chapter.

The categories were designed for prescribing physicians 
and not to address inadvertent exposure. For example, 
isotretinoin and oral contraceptives were both category X 
based on lack o f benefit for oral contraceptives during 
pregnancy, yet oral contraceptives do not have any terato
genic risk with inadvertent exposure. W hen counseling
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patients or responding to queries from physicians, we recom
mend using specific descriptions from teratogen information 
databases (Box 8-1).

The classic teratogenic period is from day 31 after the last 
menstrual period (LMP) in a 28-day cycle to 71 days from 
the LMP (Fig. 8-1). During this critical period, organs are 
forming, and teratogens may cause malformations that are 
usually overt at birth. Timing of exposure is important. Admin
istration of drugs early in the period of organogenesis affects the 
organs developing at that time, such as the heart or neural tube. 
Closer to the end of the classic teratogenic period, the ear and 
palate are forming and may be affected by a teratogen.

BOX 8-1 TERATOGEN INFORMATION DATABASES

• Micromedex, Inc. 6200 S o u th  S yra cu se  W a y , S u ite  300, 
G re e n w o o d  V illa g e , CO 80111-4740; p h o n e  800-525-9083; 
w w w .m ic ro m e d e x .c o m

• Reproductive Toxicology Center (REPROTOX). 7831 
W o o d m o n t A v e n u e , S u ite  375, B e thesda, M D  20814; 
p h o n e  301-514-3081; w w w .re p ro to x .o rg

• Organization of Teratology Information Services 
(OTIS). M ed ica l C ente r, 200 W . A rb o r  D rive , #8446,
San D iego , C A 92103-9981; p h o n e  886-626-6847; 
w w w .o tis p re g n a n c y .o rg

Before day 31, exposure to a teratogen produces an all-or- 
none effect. W ith exposure around conception, the conceptus 
usually either does not survive or survives without anomalies. 
Because so few cells exist in the early stages, irreparable damage 
to some may be lethal to the entire organism. If the organism 
remains viable, however, organ-specific anomalies are not mani
fested because either repair or replacement will occur to permit 
normal development. However, a similar insult at a later stage 
may produce organ-specific defects.

BASIC PRINCIPLES OF TERATOLOGY
To understand the etiology of birth defects, it is important 
to enumerate the principles of abnormal development, or tera- 
togenesis. Wilson’s six general principles o f teratogenesis3 
provide a framework for understanding how structural or 
functional teratogens may act. Each principle is covered here.

Genotype and Interaction With 
Environmental Factors
The first principle is that susceptibility to a teratogen depends
on the g en o ty p e  o f  th e con cep tu s  and on the manner in which 
the genotype interacts with environmental factors. This is 
perhaps most clearly shown by experiments in which different 
genetic strains of mice have varied greatly in their susceptibility

LMP parturition

FIG 8-1 Gestational clock showing the classic teratogenic period. LMP, last menstrual period. (From Blake DA, Niebyl JR. Requirements and 
limitations in reproductive and teratogenic risk assessment. In: Niebyl JR, ed. Drug Use in Pregnancy, 2nd ed. Philadelphia: Lea & Febiger;
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to teratogens that lead to oral clefts. Some of the variability in 
responses to human teratogens, such as to anticonvulsant drugs 
such as valproic acid and hydantoin, probably relates to geno
type of the embryo. The increasing complexity of these potential 
interactions is illustrated by a series of elegant studies by Mus- 
selman and colleagues.4

Timing of Exposure
The second principle is that susceptibility o f the conceptus 
to teratogenic agents varies with the developmental stage 
at the time o f exposure. This concept of critical stages ofd evelop 
ment is particularly applicable to alterations in structure. Most 
structural defects occur during the second to the eighth 
weeks o f development after conception, during the embry
onic period. For such defects, it is believed that a critical stage 
in the developmental process exists after which abnormal 
embryogenesis cannot be initiated. For example, neural tube 
defects (NTDs) result from the failure of the neural tube to 
close. Given that this process occurs between 22 and 28 days 
postconception, any exogenous effect on development must be 
present at or before this time. The neural tube has five distinct 
closure sites that may respond differentially to agents and may 
respond differently in timing. Investigations of thalidomide tera
togenicity have clearly shown that the effects of the drug differ 
as a function of the developmental stage at which the pregnant 
woman took the drug.

Mechanisms of Teratogenesis
The third principle is that teratogenic agents act in specific 
ways— that is, via specific m echan ism s—on developing cells 
and tissues in initiating abnormal embryogenesis (pathogen
esis). Teratogenic mechanisms are considered separately below.

Manifestations
The fourth principle is that irrespective o f the specific 
deleterious agent, the final manifestations o f abnormal devel
opment are malformation, growth restriction, functional 
disorder, and death. The manifestation is thought to depend 
largely on the stage of development at which exposure occurred; 
a teratogen may have one effect if  exposure occurs during 
embryogenesis and another if  the exposure is during the fetal 
period. Embryonic exposure is likely to lead to structural abnor
malities or embryonic death; fe ta l exposure is likely to lead to 
functional deficits or growth restriction.

Despite the importance of teratogen timing on specificity of 
anomalies, a general pattern usually emerges with respect to any 
given teratogen. This will be evident throughout this chapter as 
we consider various agents. If no pattern is evident for a pur
ported teratogen, it increases the suspicion that any purported 
association is spurious, and the observation reflects confounding 
variables not recognized and, hence, not taken into account.

Agent
The fifth principle is that access o f adverse environmental 
influences to developing tissues depends on the nature o f the 
influence (agen t). This principle relates to such pharmacologic 
factors as maternal metabolism and placental passage. Although 
most clearly understood for chemical agents or drugs, the prin
ciple also applies to physical agents such as radiation or heat. 
For an adverse effect to occur, an agent must reach the concep
tus, either indirectly through maternal tissues or directly by 
traversing the maternal body.

Dose Effect
The final principle is that manifestations o f abnormal devel
opment increase in degree from the no-effect level to the 
lethal level as do sa ge  increases. This means that the response 
(e.g., malformation, growth restriction) may be expected to 
vary according to the dose, duration, or amount of exposure. 
For most human teratogens, this dose response is not clearly 
understood, but along with the principle of critical stages of 
development, these concepts are important in supporting causal 
inferences about human reproductive hazards. Data regarding 
in utero exposure to ionizing radiation clearly show the impor
tance of dose on observed effects. The potential complexity of 
relationships between dose and observed effects for teratogens 
has been noted.

EPIDEMIOLOGIC APPROACHES 
TO BIRTH DEFECTS
Teratogens and reproductive toxicants have been identified and 
are being sought in various ways. Here we enumerate most 
common approaches, their strengths, and their pitfalls.

Case Reports
Many known teratogens and reproductive toxicants were 
identified initially through case reports o f an unusual number 
of cases or a constellation o f abnormalities. These have often 
come from astute clinicians who observed something out of 
the ordinary. Although the importance of astute observations of 
abnormal aggregations of cases or patterns of malformations 
must be recognized, we cannot rely on such methods for iden
tifying health hazards. Furthermore, etiologic speculations based 
on case reports or case series usually do not lead to a causal agent 
and are often false-positive speculations. Whereas case reports 
may identify a new teratogen, they can never provide an 
estimate o f the risk o f disease after exposure.

Descriptive Studies
Descriptive epidemiologic studies provide information about 
the distribution and frequency o f some outcome o f interest, 
resulting in rates o f occurrence that can be compared among 
populations, places, or times. Defining the population at risk 
is the first step, and this can be done geographically, such as 
residents within a state, or medically, such as patients at a par
ticular hospital. Definition of the population at risk includes the 
period under consideration. The population at risk constitutes 
the denominator for calculating rates of the occurrence of out
comes of interest.

The second step in a descriptive study is to determine the 
numerator for calculating rates for comparison. This involves 
two important concepts: case definition, or what defines a case 
to be counted, and case ascertainment, or how cases are to be 
identified.

Relevant examples of descriptive studies are surveillance pro
grams. An at-risk population is identified and then followed over 
time to detect outcomes of interest, and cases are included in 
the database. Surveillance programs can develop baseline data 
and subsequently permit early recognition of potential problems 
based on ongoing data collection and analysis. Birth defect 
surveillance monitoring systems (BDSMSs) are designed to 
identify cases that occur in a defined population, usually by 
reviewing vital records or hospital record abstracts or charts. 
In the past 20 years, a dramatic increase has been seen in the
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number of state-based birth defect surveillance systems, and 
approximately half the states now have some type of BDSMS. 
These programs conduct routine reviews of occurrence rates of 
specific malformations and attempt to identify increases in rates 
or clusters of cases.

Case-Control Studies
In a case-control study design, groups o f individuals (cases) 
with some outcome or disease o f interest (e.g., a congenital 
malformation) are compared with controls with regard to a 
history o f one or more exposures. This is the most widely used 
approach in reproductive outcomes research. Controls are ideally 
as similar as possible to the cases except of course lacking the 
outcome of interest. After cases and controls have been identi
fied, the hypothesis to be tested is whether these two groups 
differ in exposure as well as outcome. How accurately exposure 
and its timing are determined may vary greatly among studies, 
but in any study, the same methods must be used to establish 
the exposure of both cases and controls.

Case-control studies are advantageous in testing outcomes of 
infrequent occurrence. This can be conducted relatively rapidly 
and inexpensively. A disadvantage is the potential for several 
important types of bias, including bias in recalling exposure, in 
selecting appropriate controls, and in ascertaining cases.

These problems can be addressed in part by use of two control 
groups, one “normal” and the second “abnormal.” Any of several 
abnormal controls seem equally useful (e.g., infants with men- 
delian or chromosomal disorders as well as infants with no 
specific malformations).5 In the former, mothers have incentive 
to recall, but teratogenesis is not the etiology. Ideally, case- 
control studies of potential teratogens should follow descriptive 
studies. After suspecting on the basis of case observations that 
thalidomide was teratogenic, Lenz6 conducted a case-control 
study. The association between valproic acid use and spina 
bifida was also verified by case-control studies.

Cohort Studies
In cohort studies, groups are defined by the presence or absence 
of exposure to a given factor and then are followed over time 
and compared for rates of occurrence (i.e., incidence rates) of 
the outcome of interest. Cohort studies have three advantages: 
(1) the cohort is classified by exposure before the outcome is 
determined, thereby elim inating exposure recall bias; (2) inci
dence rates can be calculated among those exposed; and (3) 
multiple outcomes can be observed simultaneously.

Cohort studies, often called prospective studies, require 
that groups differing in exposure be followed through time 
with outcomes observed; therefore these studies tend to be 
time consuming and expensive. In addition, occurrence rates 
for many adverse reproductive outcomes, such as congenital 
malformations, are low; thus large samples must be followed for 
a considerable period of time. Two main types of cohort studies 
have been developed, those that identify a cohort and follow it 
into the future (concurrent cohort study) and those that identify 
a cohort at some time in the past and follow it to the present 
{nonconcurrent or historical cohort study). In both cases, risks of 
adverse outcomes are compared between groups. Cohort studies 
enable investigators to calculate incidence rates that provide 
a measure o f risk o f an outcome after the exposure. Risk in 
the exposed group can be compared with risk in an unexposed 
group. Most frequently, the ratio of the incidence rate among 
the exposed to the rate among the unexposed is determined. This

ratio, referred to as relative risk, is a measure of how much the 
presence of exposure increases the risk of the outcome.

In historical prospective studies, the study begins by identifying 
groups who differ in terms of some past exposure, and these are 
followed to the present to determine outcomes; exposure groups 
are defined before outcomes are known. A major advantage is 
that although the time frame is prospective, investigators do not 
have to follow the cohort into the future and wait for events to 
occur. A disadvantage is that these studies require the ability to 
determine exposure status retrospectively.

Clinical Trials
Ideally, analytic studies—case control or cohort— are fol
lowed by a randomized clinical trial in which the efficiency 
of a prevention or treatment regimen is evaluated; that is, 
subjects are randomly assigned to different treatment groups.
The individuals should be as similar as possible in terms of 
unknown factors that may affect the response before they are 
randomly assigned to the treatment groups to receive the differ
ent regimens.

Clinical trials of both NTD recurrence8 and occurrence9 have 
shown a protective effect of periconceptional folic acid supple
mentation, findings that have led to key public health recom
mendations regarding the use of folic acid to reduce the risk of 
these often devastating defects.

MEDICAL DRUG USE
Patients should be educated about drug alternatives to cope with 
tension, aches and pains, and viral and other medical illnesses 
during pregnancy. The risk/benefit ratio should justify the use 
of a particular drug, and the minimum effective dose should be 
used. Because long-term effects of drug exposure in utero may 
not be revealed for many years, caution with regard to the use 
of any drug in pregnancy is warranted. Also, some drug doses 
may have a significant effect on the concentrations of analytes 
routinely used in serum screening for aneuploidy and NTDs.10 
Methadone has been reported to increase screen-positive results 
for trisomy 18, and screen-positive rates for NTDs were higher 
for those on corticosteroids, antibiotics, and antidepressants.10

Effects of Sp ecific  D rugs  
Estrogens and Progestins
Studies have not confirmed any teratogenic risk for oral con
traceptives or progestins. A meta-analysis of first-trimester 
sex hormone exposure revealed no association between exposure 
and fetal genital malformations. However, because of the medi
colegal climate and the conflicting past literature, it is wise to 
exclude pregnancy before giving progestins to an amenorrheic 
patient.

Androgenic Steroids
Androgens may masculinize a developing female fetus.
Danazol has been reported to produce clitoral enlargement and 
labial fusion when given inadvertently for the first 9 to 12 weeks 
after conception (Fig. 8-2) in 23 of 57 female infants exposed.

Spermicides
The once touted increased risk of abnormal offspring in mothers 
who had used spermicides for contraception has not been con
firmed. A meta-analysis o f reports o f sperimicide exposure 
concludes that the risk o f birth defects is not increased.11
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FIG 8-2 Perineum of a female fetus exposed to danazol in utero. (From 
Duck SC, Katayama KP. Danazol may cause female pseudohermaph
roditism. Fertil Steril. 1981 ;35:230.)

Antiepileptic Drugs
Women with epilepsy who take antiepileptic drugs (AEDs) 
during pregnancy have approximately double the general 
population risk o f malformations in offspring. Compared 
with the general risk of 2% to 3%, the risk of major malfor
mations in women with epilepsy who take AEDs is about 5%, 
especially cleft lip with or without cleft palate and congenital 
heart disease. Valproic acid and carbamazepine each carry 
approximately a 1% risk o f NTDs and other anomalies. Val
proic acid monotherapy significantly increases risk for spina 
bifida (odds ratio [OR] 12.7), atrial septal defect (2.5), cleft 
palate (5.2), hypospadias (4.8), polydactyly (2.2), and cranio- 
synostosis (6 .8).12 A high daily dose or a combination of two or 
three drugs increases the chance of malformations.

Holmes and colleagues'3 screened 128,049 pregnant women 
at delivery to identify three groups of infants: those exposed to 
AEDs, those unexposed to AEDs but with a maternal history of 
seizures, and those unexposed to AEDs with no maternal history 
of seizures (control group). The infants were examined system
atically for the presence of malformations. The combined fre
quency of anticonvulsant embryopathy was higher in 223 infants 
exposed to one AED than in 508 control infants (20.6% vs. 
8.5%; OR, 2.8; 95% confidence interval [C l], 1.1-9.7). The 
frequency was also higher in 93 infants exposed to two or more 
AEDs than in the controls (28.0% vs. 8.5%; OR, 4.2; 95% C l, 
1.1-5.1). The greater the number of AEDs, the higher the risk 
of malformation. The 98 infants whose mothers had a history 
of epilepsy but who took no AEDs during the pregnancy did 
not have a higher frequency of abnormalities than the control 
infants.

Phenytoin decreases folate absorption and lowers serum 
folate, which has been implicated in birth defects. Therefore folic 
acid supplementation should be given to these mothers, but this 
may require adjustment of the AED. Although women with

FIG 8-3 Facial features of the fetal hydantoin syndrome. Note 
broad, flat nasal ridge; epicanthic folds; mild hypertelorism; and 
wide mouth with prominent upper lip. (Courtesy Dr. Thaddeus Kelly, 
Charlottesville, VA.)

epilepsy were not included in the Medical Research Council 
study, most authorities would recommend 4 mg/day folic acid 
for high-risk women. One study suggested that folic acid at 
doses of 2.5 to 5 mg daily could reduce birth defects in the 
offspring of women who take AEDs.14

Fewer than 10%  o f offspring show the fetal hydantoin 
syndrome, which consists o f microcephaly, growth defi
ciency, developmental delays, mental retardation, and dys
morphic craniofacial features (Fig. 8-3). In fact, the risk may 
be as low as 1 % to 2% above background. Although several of 
these features are also found in other syndromes, such as fetal 
alcohol syndrome, more common in the fetal hydantoin syn
drome are hypoplasia of the nails and distal phalanges (Fig. 8-4) 
and hypertelorism. Carbamazepine is also associated with an 
increased risk of a dysmorphic syndrome.15 A genetically deter
mined metabolic defect in arene oxide detoxification in the 
infant may increase the risk of a major birth defect. Epoxide 
hydrolase deficiency may indicate susceptibility to fetal hydan
toin syndrome.16

In a follow-up study of long-term effects of antenatal exposure 
to phenobarbital and carbamazepine, no neurologic or behav
ioral differences were noted between the two groups. However, 
children exposed in utero to phenytoin scored 10 points lower 
on IQ  tests than children exposed to carbamazepine and non
exposed controls. At 3 years of age, children who had been 
exposed to valproate in utero had significantly lower IQ  scores 
than those exposed to other antiepileptic drugs; therefore val
proate should not be used as a first-choice drug in women o f 
reproductive age. Also, prenatal exposure to phenobarbital 
decreased verbal IQ  scores in adult men.
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Lamotrigine exposures have been compiled in a voluntary 
registry established by the manufacturer, GlaxoSmithKline. 
After 1558 exposures in the first trimester, no increased risk of 
birth defects overall has been observed.1 O f 1532 infant expo
sures to newer-generation antiepileptic drugs, 1019  were 
to lamotrigine, and 3.7%  had major birth defects. O f 393 
infants exposed to oxcarbazepine, the rate was 2.8%, and for 
108 exposed to topiramate, the rate was 4.6% . None o f these 
differences were statistically different from controls. Valproic 
acid carries significantly higher risks than lamotrigine or carba- 
mazepine.18 One study suggested a fivefold increased risk of cleft 
lip and/or cleft palate with use of topiramate.19 In general, poly
therapy exposure is associated with some poorer outcomes 
in neuropsychological or developmental testing.2" Minimizing 
the dose during pregnancy is also critical in preventing birth 
defects.21

Some women may have taken AEDs for a long period without 
reevaluation of the need for continuation of the drugs. For 
patients with idiopathic epilepsy who have been seizure free for

FIG 8-4 Hypoplasia of toenails and distal phalanges. (From Hanson JW, 
Smith DW. Fetal hydantoin syndrome. Lancet 1976; 1 [79611:186.)

2 years and who have a normal electroencephalogram (EEG), it 
may be safe to attempt a trial of withdrawal of the drug before 
pregnancy.

Most authorities agree that the benefits o f AEDs during 
pregnancy outweigh the risks o f discontinuation o f the drug 
i f  the patient is first seen during pregnancy. Continuing AEDs 
depends on the type of seizures, seizure control, adverse effects 
of the AED regimen, and patient adherence. Adherence can be 
determined by measuring a serum concentration of the AED. If 
the level is low or undetected and the patient is seizure free, AED 
therapy may not be required. Because the albumin concentra
tion falls in pregnancy, the total amount of phenytoin measured 
is decreased because it is highly protein bound. However, the 
level of free phenytoin, which is the pharmacologically active 
portion, is unchanged.

Pediatric care providers need to be notified at birth when a 
patient has been on anticonvulsants because this therapy can 
affect vitamin K-dependent clotting factors in the newborn.

Isotretinoin
Isotretinoin is a significant human teratogen. This drug is 
marketed as Accutane for treatment of cystic acne, and it unfor
tunately has been taken by women who were not planning 
pregnancy.22 Long-acting reversible contraception such as an 
intrauterine device (IUD) or an etonogestrel implant (Nexpl- 
anon) are recommended. Isotretinoin is labeled as contraindi
cated in pregnancy (FDA category X) with appropriate warnings 
that a negative pregnancy test is required before therapy. O f 154 
exposed human pregnancies, 21 cases of birth defects, 12 spon
taneous abortions, 95 elective abortions, and 26 normal infants 
were reported in women who took isotretinoin during early 
pregnancy. The risk o f structural anomalies in patients studied 
prospectively is now estimated to be about 25% , and an 
additional 25%  have mental retardation alone. The mal
formed infants have a characteristic pattern of craniofacial, 
cardiac, thymic, and central nervous system (CNS) anomalies 
that include microtia/anotia (small/absent ears; Fig. 8-5), micro
gnathia, cleft palate, heart defects, thymic defects, retinal or

FIG 8-5 Infant exposed to isotretinoin (Accutane) in utero. Note high forehead, hypoplastic nasal bridge, and abnormal ears. (From Lot IT, 
Bocian M, Pribam HW, Leitner M. Fetal hydrocephalus and ear anomalies associated with use of isotretinoin. J Pediatr. 1984; 105:598.)
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optic nerve anomalies, and CNS malformations that include 
hydrocephalus.22 Microtia is rare as an isolated anomaly yet 
appears commonly as part of the retinoic acid embryopathy. 
Cardiovascular defects include great vessel transposition and 
ventricular septal defects (VSDs).

Unlike vitamin A, isotretinoin is not stored in tissue. There
fore a pregnancy after discontinuation of isotretinoin is not at 
risk because the drug is no longer detectable in serum 5 days 
after its ingestion. In 88 pregnancies prospectively ascertained 
after discontinuation o f isotretinoin, no increased risk o f 
anomalies was noted. Topical tretinoin has not been associated 
with any teratogenic risk.

Vitamin A
No evidence suggests that vitamin A or (3-carotene is teratogenic 
in normal doses. The vitamin A levels in prenatal vitamins 
(5000 IU/day) have not been associated with any documented 
risk. Eighteen cases o f birth defects have been reported after 
exposure to levels o f 25,000 IU or more o f vitamin A  during 
pregnancy. Vitamin A in doses greater than 10,000 IU/day was 
shown to increase the risk of malformations in one study but 
not in another.

Psychoactive Drugs
No clear risk has been documented for most psychoactive 
drugs with respect to overt birth defects. However, effects of 
chronic use of these agents on the developing brain in humans 
is difficult to study, and so a conservative attitude is appropriate. 
Lack of overt defects does not exclude the possibility of behav
ioral teratogenesis, and neonatal withdrawal may occur. However, 
untreated depression carries risks also.

TRANQUILIZERS
Conflicting reports of the possible teratogenicity of the various 
tranquilizers, including meprobamate and chlordiazepoxide, 
have appeared, but in prospective studies no increased risk of 
anomalies has been shown.

A fetal benzodiazepine syndrome has been reported in seven 
infants of 36 mothers who regularly took benzodiazepines 
during pregnancy. However, the high rate of abnormality 
occurred with concomitant alcohol and substance abuse and 
may not have been caused by the benzodiazepine exposure. In 
most clinical situations, however, the risk/benefit ratio does not 
justify the use of benzodiazepines in pregnancy. Use of diazepam 
in labor has been associated with neonatal hypotonia, hypother
mia, and respiratory depression.

LITHIUM
In the International Register of Lithium Babies, 217 infants were 
listed as exposed at least during the first trimester of pregnancy, 
and 25 (11.5%) were malformed. Eighteen had cardiovascular 
anomalies, including six cases of the rare Ebstein anomaly, which 
occurs in only 1 in 20,000 in the nonexposed population. Of 
60 unaffected infants who were followed to age 5 years, no 
increased mental or physical abnormalities were noted compared 
with unexposed siblings.

However, two other reports suggest bias of ascertainment in 
the registry and a risk of anomalies much lower than previously 
thought. A case-control study of 59 patients with Ebstein 
anomaly showed no difference in the rate of lithium exposure 
in pregnancy from a control group of 168 children with neuro
blastoma.23 A prospective study o f 148 women exposed to

lithium in the first trimester showed no difference in the 
incidence o f major anomalies compared with controls.”1
One fetus in the lithium-exposed group had Ebstein anomaly, 
and one infant in the control group had a VSD. The authors 
concluded that lithium is not a major human teratogen. Never
theless, we recommend that women exposed to lithium be 
offered ultrasound and fetal echocardiography.

Lithium is excreted more rapidly during pregnancy, thus 
serum lithium levels should be monitored. Perinatal effects of 
lithium have been noted and include hypotonia, lethargy, and 
poor feeding in the infant. Also, complications similar to those 
seen in adults taking lithium  have been noted in newborns, 
including goiter and hypothyroidism.

Two cases of polyhydramnios associated with maternal lithium 
treatment have been reported. Because nephrogenic diabetes 
insipidus has been reported in adults taking lithium, the pre
sumed mechanism of this polyhydramnios is fetal diabetes 
insipidus. Polyhydramnios may be a sign o f fetal lithium  
toxicity.

It is usually recommended that drug therapy be changed in 
pregnant women taking lithium to avoid fetal drug exposure. 
Tapering over 10 days delays the risk of relapse. However, 
discontinuing lithium is associated with a 70% chance of 
relapse of the affective disorder in 1 year as opposed to 20% 
in those who remain on lithium. Discontinuation o f lithium  
may pose an unacceptable risk o f increased morbidity in 
women who have had multiple episodes o f affective instabil
ity. These women should be offered appropriate prenatal 
diagnosis with ultrasound, including fetal echocardiog
raphy. Lithium may be withheld for 24 to 48 hours before 
delivery to reduce neonatal complications and reduce infant 
hospital stays.25

ANTIDEPRESSANTS
Imipramine was the original tricyclic antidepressant (TCA) 
claimed to be associated with cardiovascular defects, but the 
number of patients studied remains small. O f 75 newborns 
exposed in the first trimester, six major defects were observed 
— three cardiovascular— and neonatal withdrawal has been 
observed.

Amitriptyline has been more widely used, and the majority 
of the evidence supports its safety. In the Michigan Medicaid 
study, 467 newborns had been exposed during the first trimester, 
with no increased risk of birth defects.

No increased risk o f major malformations has been found 
after first-trimester exposure to fluoxetine in several studies. 26 
However, one recent study showed a twofold increased risk 
o f VSDs.27 Chambers and associates found more minor malfor
mations and perinatal complications among infants exposed to 
fluoxetine throughout pregnancy, but this study is difficult to 
interpret because the authors did not control for depression. 
W hen a group whose mothers received tricyclic agents was used 
as a control for depression, infants exposed to fluoxetine in utero 
did not appear to have more minor malformations or perinatal 
complications. One study suggested an increased risk of low- 
birthweight infants with higher doses of fluoxetine (40 to 80 mg) 
throughout pregnancy.

Nulman evaluated the neurobehavioral effects of long-term 
fluoxetine exposure during pregnancy and found no abnormali
ties among 228 children aged 16 to 86 months (average age,
3 years). Theoretically, some psychiatric or neurobehavioral 
abnormality might occur as a result of exposure, but it would
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be very difficult to ascertain because of all of the confounding 
variables.

Current data on other selective serotonin reuptake inhibitor 
(SSR1) exposures show no consistent teratogenic risk.28 Citalo- 
pram is transferred across the placenta the most, followed by 
fluoxetine. The lowest transfer is found with sertraline, followed 
by paroxetine,29 although two studies found an increased risk 
of cardiac defects after exposure to paroxetine. 2 A recent 
large, population-based cohort study suggested no substantial 
increased risk of cardiac defects attributable to antidepressant 
use in the first trimester.30 One study showed a twofold increased 
risk of NTDs after citalopram.27

Studies have described neonatal withdrawal in the first 2 days 
after in utero exposure to these drugs.31 Infants exposed during 
pregnancy exhibited more tremulousness and sleep changes at 1 
to 2 days of age. However, no abnormalities were found when 
children were examined at ages of 16 to 86 months after pro
longed exposure during pregnancy.

A sixfold increased risk of persistent pulmonary hypertension 
(PPH) in newborns has been reported in infants exposed to 
SSRIs after 20 weeks of pregnancy,32 raising the absolute risk 
from 1 to 2 per 1000 in unexposed infants to 6 to 12 per 1000 
in exposed infants. Another study did not confirm this finding 
but did confirm a fivefold increased risk of PPH with cesarean 
section before labor.33 Exposure to SSRIs in the first trimester 
did not increase the risk of miscarriage.34 No major malfor
mations have been reported in 133 infants exposed to 
bupropion.35

When considering the use o f antidepressant drugs during 
pregnancy, it should be noted that among women who main
tained their medication throughout pregnancy, 26%  relapsed

compared with 68% who discontinued medication.31 Also, 
fetal alcohol spectrum disorders were 10 times more common 
in SSRI-exposed offspring than in unexposed offspring.
Therefore controversy exists as to whether the risks of antidepres
sants outweigh the benefits, and counseling may be as effective 
as drug therapy.37

Anticoagulants
Warfarin has been associated with chondrodysplasia punctata, 
which is similar to the genetically determined Conradi- 
Hiinermann syndrome. Warfarin embryopathy occurs in 
about 5% o f exposed pregnancies and includes nasal hypo
plasia, bone stippling seen on radiologic examination, oph
thalmologic abnormalities including bilateral optic atrophy, 
and mental retardation (Fig. 8-6). Ophthalmologic abnormali
ties and mental retardation may occur even with use only beyond 
the first trimester. The risk for pregnancy complications is 
higher when the mean daily dose o f warfarin is more 
than 5 mg.

The alternative drugs, heparin and enoxaparin, do not cross 
the placenta because they are large molecules with a strong nega
tive charge. Because heparin does not have an adverse effect 
on the fetus when given in pregnancy, it should be the drug 
o f choice for patients who require anticoagulation, except in 
women with artificial heart valves. However, therapy with 
20,000 U/day for more than 20 weeks has been associated with 
bone demineralization, and 36% of patients had more than a 
10% decrease from baseline bone density to postpartum values. 
The risk of spine fractures was 0.7% with low-dose heparin 
and 3% with a high-dose regimen. Heparin can also cause 
thrombocytopenia.

FIG 8-6 Warfarin embryopathy. Note small nose with hypoplastic bridge. (From Shaul W, Flail JG. Multiple congenital anomalies associated with 
oral anticoagulants. Am J Obstet Gynecol. 1977;127:191.)
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Low-molecular-weight heparins (LMWHs) may have 
substantial benefits over standard unfractionated heparin 
(UFH). The molecules are still relatively large and do not cross 
the placenta, plus the half-life is longer, which allows for once- 
daily administration. However, enoxaparin is cleared more 
rapidly during pregnancy, so twice-daily dosing is advised. 
LMWHs have a much more predictable dose-response relation
ship, which obviates the need for monitoring of partial throm
boplastin time. The risk of heparin-induced thrombocytopenia 
and clinical bleeding at delivery is lower, but studies that suggest 
less risk of osteoporosis are preliminary.

Women with mechanical heart valves, especially the first- 
generation valves, require warfarin anticoagulation because 
heparin is neither safe nor effective. Heparin treatment is 
associated with more thromboembolic complications and more 
bleeding complications than warfarin therapy.

The risks of heparin during pregnancy may not be justified in 
patients with only a single remote episode of thrombosis in the 
past. Certainly, conservative measures should be recommended, 
such as elastic stockings and avoidance of prolonged sitting or 
standing.

Thyroid and Antithyroid Drugs
Propylthiouracil (PTU) and methimazole both cross the pla
centa and may cause some degree of fetal goiter. In contrast, the 
thyroid hormones triiodothyronine and thyroxine cross the pla
centa poorly, so that fetal hypothyroidism produced by antithy
roid drugs cannot be corrected satisfactorily by administration 
of thyroid hormone to the mother. Thus the goal of such therapy 
during pregnancy is to keep the mother slightly hyperthyroid to 
minimize fetal drug exposure. By the third trimester, 30% of 
women no longer need antithyroid medication.38

Methimazole has been associated with scalp defects in 
infants and choanal or esophageal atresia'K as well as a higher 
incidence of maternal side effects. However, PTU and methima
zole are equally effective and safe for therapy of hyperthyroidism. 
Still, in 2009 the FDA released a black box warning high
lighting serious liver injury with PTU treatment, to a greater 
extent than methimazole. The Endocrine Society is now 
advocating treatment with PTU only during the first trimes
ter and switching to methimazole for the remainder o f the

39,40pregnancy.
Radioactive iodine (131I or 125I) administered for thyroid abla

tion or for diagnostic studies is not concentrated by the fetal 
thyroid until after 12 weeks of pregnancy. Thus with inadvertent 
exposure before 12 weeks, no specific risk to the fetal thyroid 
results from 131I or 125I administration.

The need for thyroxine increases in many women with 
primary hypothyroidism when they are pregnant, as reflected 
by an increase in serum thyroid-stimulating hormone (TSH) 
concentrations.41 Because hypothyroidism in pregnancy may 
adversely affect the fetus, possibly by increasing prematurity, it 
is prudent to monitor thyroid function throughout pregnancy 
and to adjust the thyroid dose to maintain a normal TSH level. 
It is recommended that women with hypothyroidism increase 
their levothyroxine dose by approximately 30%  as soon as 
pregnancy is confirmed (two extra doses each week) and then 
have dosing adjustments based on TSH levels.41

Topical iodine preparations are readily absorbed through 
the vagina during pregnancy, and transient hypothyroidism 
has been demonstrated in the newborn after exposure during 
labor.

Digoxin
In 194 exposures, no teratogenicity of digoxin was noted. Blood 
levels should be monitored in pregnancy to ensure adequate 
therapeutic maternal levels.

Digoxin-like immunoreactive substances may be mistaken in 
assays for fetal concentrations of digoxin. In one study of fetuses 
with cardiac anomalies, no difference was found in the immu
noreactive digoxin levels whether the mother had received 
digoxin or not. In hydropic fetuses, digoxin may not easily cross 
the placenta.

Antihypertensive Drugs
For treatment o f chronic hypertension in pregnancy, 
a-methyldopa has been widely used. Although postural hypo
tension may occur, no unusual fetal effects have been noted. 
Hydralazine is used frequently in pregnancy, and no teratogenic 
effect has been observed. For more on antihypertensive drugs, 
see Chapter 31.

SYMPATHETIC BLOCKING AGENTS
Propranolol is a (Ladrenergic blocking agent in widespread use 
for various indications, for which no evidence of teratogenicity 
has been found. Bradycardia has been reported in the newborn 
as a direct effect of a dose of the drug given to the mother within 
2 hours of delivery.

Several studies of propranolol use in pregnancy show an 
increased risk of intrauterine growth restriction (IUGR) or at 
least a skewing of the birthweight distribution toward the lower 
range. Ultrasound monitoring of exposed patients is prudent. 
Studies from Scotland suggest improved outcome with the use 
of atenolol to treat chronic hypertension during pregnancy.

Calcium channel blockers such as nifedipine have been widely 
used for chronic hypertension in pregnancy without evidence of 
teratogenicity. Magnesium sulfate should be used with caution 
in women taking these agents.

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS AND 
ANGIOTENSIN RECEPTOR BLOCKERS
Fetal exposure to angiotensin-converting enzyme (ACE) inhibi
tors and angiotensin receptor blockers (ARBs) in the first tri
mester has not been associated with an increased risk of birth 
defects. ACE inhibitors such as enalapril and captopril and 
angiotensin II receptor antagonists such as valsartan can 
cause fetal renal tubular dysplasia in the second and third 
trimesters, leading to oligohydramnios, fetal limb contrac
tures, craniofacial deformities, and hypoplastic lung devel
opment. Fetal skull ossification defects have also been described. 
For these reasons, women taking these medications who plan 
pregnancy should be switched to other agents.

Antineoplastic Drugs and Immunosuppressants
Mycophenolate mofetil carries a moderate teratogenic
risk.42 Frequent features include microtia or anotia, cleft lip 
and/or palate, heart defects, and dysmorphic facial features. 
The numbers are too small to determine the actual rate of 
malformations.

Methotrexate, a folic acid antagonist, appears to be a 
human teratogen, although experience is limited. Infants 
of three women known to have received methotrexate in the 
first trimester of pregnancy had multiple congenital anoma
lies, including cranial defects and malformed extremities. Of 
eight women inadvertently treated with methotrexate after
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misdiagnosis of ectopic pregnancy, two infants were severely 
malformed, three patients miscarried, and three chose to termi
nate the pregnancies.43 Eight normal infants were delivered to 
seven women treated with methotrexate in combination with 
other agents after the first trimester. W hen low-dose oral metho
trexate (7.5 mg/week) was used for rheumatoid disease in the 
first trimester, five full-term infants were normal and three 
patients experienced spontaneous abortions.

Azathioprine has been used by patients with renal transplants 
or systemic lupus erythematosus. The frequency of anomalies in 
375 women treated in the first trimester was not increased. Some 
infants had leukopenia, some were small for gestational age 
(SGA), and the others were normal.

No increased risk o f anomalies in fetuses exposed to cyclospo- 
rine in utero has been reported. An increased rate of prematurity 
and growth restriction has been noted, but it is difficult to sepa
rate the contributions of the underlying disease and the drugs 
given to these transplant patients. The B-cell line may be depleted 
more than the T-cell line, and one author recommends that 
infants exposed to immunosuppressive agents be followed for 
possible immunodeficiency.

Eight malformed infants have resulted from first-trimester 
exposure to cyclophosphamide, but these infants were also 
exposed to other drugs or radiation. Low birthweight may be 
associated with use after the first trimester, but this may also 
reflect the underlying medical problem.

Chloroquine is safe in doses used for malarial prophylaxis, 
and no increased incidence of birth defects was reported among 
169 infants exposed to 300 mg once weekly. However, after 
exposure to larger antiinflammatory doses (250 to 500 mg/day), 
two cases of cochleovestibular paresis were reported.44 No abnor
malities were noted in 114 other infants.

No association was found between administration of tumor 
necrosis factor (TNF) inhibitors infliximab or adalimumab and 
congenital anomalies.45

W hen cancer chemotherapy must be used during embryo- 
genesis, the rate of spontaneous abortion and major birth 
defects is increased. Later in pregnancy, the risk of stillbirth 
and IUGR is greater, and myelosuppression is often present in 
the infant.

Antiasthmatics
TERBUTALINE
Terbutaline has been widely used in the treatment of preterm 
labor. It is more rapid in onset, has a longer duration of action 
than epinephrine, and is preferred for asthma in the pregnant 
patient. No risk of birth defects has been reported with terbu
taline, although long-term use has been associated with an 
increased risk of glucose intolerance.

CROMOLYN SODIUM
Cromolyn sodium may be administered in pregnancy, and the 
systemic absorption is minimal. Teratogenicity has not been 
reported in humans.

ISOPROTERENOL AND METAPR0TEREN0L
W hen isoproterenol and metaproterenol are given as topical 
aerosols for the treatment of asthma, the total dose absorbed is 
usually not significant. W ith oral or intravenous (IV) doses, 
however, the cardiovascular effects of the agents may decrease 
uterine blood flow. For this reason, they should be used with 
caution. No teratogenicity has been reported.

CORTICOSTEROIDS
All steroids cross the placenta to some degree, but prednisone 
and prednisolone are inactivated by the placenta. W hen predni
sone or prednisolone is given to a pregnant woman, the concen
tration of active compound in the fetus is less than 10% of that 
in the mother. Therefore these agents are the drugs of choice for 
treating medical diseases such as asthma. Inhaled corticosteroids 
are also effective therapy, and very little drug is absorbed. When 
steroid effects are desired in the fetus to accelerate lung maturity, 
betamethasone and dexamethasone are preferred because these 
are m inimally inactivated by the placenta. A meta-analysis of 
exposure to corticosteroids in the first trimester showed an 
odds ratio o f 3.0 for cleft lip and/or cleft palate.

IODIDE
Iodide, such as that found in a saturated solution of potassium 
iodide (SSKI) expectorant, crosses the placenta and may produce 
a fetal goiter large enough to produce respiratory obstruction in 
the newborn (Fig. 8-7). Before a pregnant patient is advised to 
take a cough medicine, the clinician should be sure to ascertain 
that it does not contain iodide.

Antiemetics
Remedies suggested to help nausea and vomiting in pregnancy 
without pharmacologic intervention include eating crackers at 
the bedside on first awakening in the morning (before getting 
out of bed), getting up very slowly, omitting iron tablets, con
suming frequent small meals, and eating protein snacks at night. 
None o f the current medications used to treat nausea and 
vomiting have been found to be teratogenic except possibly 
methylprednisolone used before 10 weeks o f gestation.

VITAMIN B6
Vitamin B6 (pyridoxine) 25 mg three times a day has been 
reported in two randomized placebo-controlled trials to be 
effective for treating the nausea and vomiting of pregnancy. In 
several other controlled trials, no evidence of teratogenicity 
was found.

D0XYLAMINE
Delayed-release doxylamine 10 mg plus pyridoxine 10 mg 
(Diclegis) is effective and well tolerated.46 It has been approved 
by the FDA for NVP.

Doxylamine is an effective antihistamine for nausea and 
vomiting o f pregnancy and can be combined with vitamin B6 
to produce a therapy similar to Diclegis. Vitamin B6 (25 mg) 
and doxylamine (25 mg) at bedtime plus 12.5 mg doxylamine 
(one-half tablet) with vitamin B6 (25 mg) in the morning and 
afternoon is an effective combination.

MECLIZINE
In one randomized, placebo-controlled study, meclizine gave 
significantly better results than placebo, and prospective clinical 
studies have provided no evidence that meclizine is teratogenic 
in humans. In 1014 patients in the Collaborative Perinatal 
Project and in an additional 613 patients from the Kaiser Health 
Plan, no teratogenic risk was found.

DIMENHYDRINATE
No teratogenicity has been noted with dimenhydrinate, but a 
29% failure rate and a significant incidence of side effects, espe
cially drowsiness, has been reported.
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FIG 8-7 Iodide-induced neonatal goiter. A , Appearance on the first day of life. B, Appearance at 2 months of age. (From Senior B, Chernoff HL. 
Iodide goiter in the newborn. Pediatrics. 1971 ;47:510.)

DIPHENHYDRAMINE
In 595 patients treated in the Collaborative Perinatal Project, 
no teratogenicity was noted with diphenhydramine. However, 
drowsiness can be a problem.

PHENOTHIAZINES
Teratogenicity does not appear to be a problem with the phe- 
nothiazines when evaluated as a group. In the Kaiser Health Plan 
Study, 976 patients were treated, and in the Collaborative Peri
natal Project 1309 patients were treated; in both studies, no 
evidence of association between these drugs and malformations 
was noted. In 114 mothers treated with promethazine and in 
877 mothers given prochlorperazine, no increased risk of mal
formations was found.

METOCLOPRAMIDE
O f 3458 infants exposed to metoclopramide during the first 
trimester, no increased risk o f malformations, low birth
weight, or preterm delivery was reported.1

ONDANSETRON
Ondansetron is no more effective than promethazine, but it is 
less sedating.48 It has not been associated with a significant risk 
of adverse fetal outcomes.49 One study showed no increased risk 
of birth defects after ondansetron exposure.49 However, a larger 
study50 found a doubling in the prevalence of heart defects in 
exposed children.

In a double-blind randomized trial, ondansetron and meto
clopramide demonstrated similar antiemetic effects, but the 
overall profile of adverse effects was better with ondansetron.51

METHYLPREDNISOLONE
Forty patients with hyperemesis who were admitted to the hos
pital were randomized to oral methylprednisolone or oral pro
methazine, and methylprednisolone was more effective.52 In a 
larger study in which all patients received promethazine and 
metoclopramide, methylprednisolone did not reduce the need 
for rehospitalization. Methylprednisolone should be used only 
after 10 weeks of pregnancy because of the potential risk of cleft 
lip and/or cleft palate.

GINGER
Ginger has been used with success for treating nausea, vomit
ing, and hyperemesis in the outpatient setting. A significantly 
greater relief of symptoms was found after ginger treatment than 
with placebo. Patients took 250-mg capsules containing pow
dered ginger root four times a day.

Acid-Suppressing Drugs
The use of cimetidine, omeprazole, and ranitidine has not been 
found to be associated with any teratogenic risk in 2261 expo
sures.53 O f an additional 3651 infants exposed to proton- 
pump inhibitors in the first trimester, no increased risk of birth 
defects was reported.54 Drugs taken in the study were mostly 
omeprazole but also included lansoprazole, esomeprazole, and 
pantoprazole.

Antihistamines and Decongestants
No increased risk of anomalies has been associated with most of 
the commonly used antihistamines, such as chlorpheniramine. 
However, in one study, terfenadine was associated with an
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increased risk of polydactyly. Astemizole did not increase the risk 
of birth defects in 114 infants exposed in the first trimester. 
However, an association between exposure to antihistamines 
during the last 2 weeks of pregnancy and retrolental fibroplasia 
in premature infants has been reported.

An increased risk of birth defects was noted with phenylpro
panolamine exposure in the first trimester, specifically ear defects 
and pyloric stenosis.51 In one retrospective study, an increased 
risk of gastroschisis was associated with first-trimester pseudo- 
ephedrine use. Phenylephrine has been associated with endocar
dial cushion defects.55 Use of these drugs for trivial indications 
should be discouraged because long-term effects are unknown. 
If decongestion is necessary, topical nasal sprays will result in a 
lower dose to the fetus than systemic medication.

Patients should be educated that antihistamines and decon
gestants are only symptomatic therapy for the common cold and 
have no influence on the course of the disease. Other remedies 
should be recommended, such as use of a humidifier, rest, and 
fluids. If medications are necessary, combinations with two 
drugs should not be used if  only one drug is necessary. If the 
diagnosis is truly an allergy, an antihistamine alone will suffice.

Antibiotics and Antiinfective Agents
Because pregnant patients are particularly susceptible to vaginal 
yeast infections, antibiotics should be used only when clearly 
indicated. Therapy with antifungal agents may be necessary 
during or after the course of therapy.

PENICILLINS
Penicillin, ampicillin, and amoxicillin are safe in pregnancy. In 
the Collaborative Perinatal Project, 3546 mothers took penicil
lin derivatives in the first trimester of pregnancy with no 
increased risk of anomalies. O f 86 infants exposed to dicloxacil- 
lin in the first trimester, no increase in birth defects was reported.

Clavulanate is added to penicillin derivatives to broaden their 
antibacterial spectrum. O f 556 infants exposed in the first tri
mester, no increased risk of birth defects was observed. 
Amoxicillin/clavulanate was studied in randomized controlled 
trials (RCTs) as a potential therapy for chorioamnionitis in 
women with preterm premature rupture of membranes 
(PPROM). During this trial, amoxicillin/clavulanate was com
pared with both placebo and erythromycin. An increased inci
dence of necrotizing enterocolitis was found in the amoxicillin/ 
clavulanate group when compared with both the placebo and 
erythromycin groups. It has been suggested that amoxicillin/ 
clavulanate selects for specific pathogens, which leads to abnor
mal microbial colonization of the gastrointestinal tract and ulti
mately to the initiation of necrotizing enterocolitis. Therefore 
amoxicillin/clavulanate should be avoided in women at risk 
for preterm delivery.

CEPHALOSPORINS
In a study of 5000 Michigan Medicaid recipients, a suggestion 
of possible teratogenicity (25% increased birth defects) was 
found with cefaclor, cephalexin, and cephradine but not with 
other cephalosporins. However, another study of 308 women 
exposed in the first trimester showed no increase in malforma
tions, therefore the consensus is that these drugs are safe.

SULFONAMIDES
Among 1455 human infants exposed to sulfonamides during 
the first trimester, no teratogenic effects were noted. However,

the administration of sulfonamides should be avoided in 
women deficient in glucose-6-phosphate dehydrogenase (G6PD) 
because dose-related hemolysis may occur.

Sulfonamides cause no known damage to the fetus in utero 
because the fetus can clear free bilirubin through the placenta. 
However, these drugs might theoretically have deleterious effects 
if  they were to be present in the blood of the neonate after birth. 
Sulfonamides compete with bilirubin for binding sites on 
albumin and thus raise the levels of free bilirubin in the serum 
and increase the risk of hyperbilirubinemia in the neonate. 
Although this toxicity occurs with direct administration to the 
neonate, kernicterus in the newborn following in utero exposure 
has not been reported.

SULFAMETHOXAZOLE WITH TRIMETHOPRIM
Trimethoprim is often given with sulfa to treat urinary tract 
infections. However, one unpublished study of 2296 Michigan 
Medicaid recipients suggested an increased risk of cardiovascular 
defects after exposure in the first trimester. In one retrospective 
study o f trimethoprim with sulfamethoxazole, the odds ratio 
for birth defects was 2.3, whereas in another study it was 2.5 
to 3.4.

NITROFURANTOIN
Nitrofurantoin is used in the treatment of acute uncomplicated 
lower urinary tract infections, as well as for long-term suppres
sion, in patients with chronic bacteriuria. Nitrofurantoin is 
capable of inducing hemolytic anemia in patients deficient in 
G6PD. However, hemolytic anemia in the newborn as a result 
of in utero exposure to nitrofurantoin has not been reported.

No reports have associated nitrofurantoins with congenital 
defects. In the Collaborative Perinatal Project, 590 infants were 
exposed— 83 in the first trimester—with no increased risk of 
adverse effects. In another study56 in 1334 women exposed in 
the first trimester, no increase in malformations was reported. 
Use in the last 30 days before delivery was associated with 
increased risk of neonatal jaundice.

TETRACYCLINES
Tetracyclines readily cross the placenta and are firmly bound 
by chelation to calcium in developing bone and tooth struc
tures. This produces brown discoloration o f the deciduous 
teeth, hypoplasia o f the enamel, and inhibition o f bone 
growth. The staining o f the teeth takes place in the second 
or third trimesters o f pregnancy, whereas bone incorporation 
can occur earlier. Depression of skeletal growth was particularly 
common among premature infants treated with tetracycline. 
First-trimester exposure to doxycycline is not known to carry 
any risk. First-trimester exposure to tetracyclines was not 
found to have any teratogenic risk in 341 women in the Col
laborative Perinatal Project or in 174 women in another 
study. Alternative antibiotics are currendy recommended 
during pregnancy.

AMINOGLYCOSIDES
Streptomycin and kanamycin have been associated with con
genital deafness in the offspring of mothers who took these drugs 
during pregnancy. Ototoxicity was reported with doses as low 
as 1 g of streptomycin twice a week for 8 weeks during the first 
trimester. Of 391 mothers who had received 50 mg/kg of kana
mycin for prolonged periods during pregnancy, nine children 
(2.3%) were found to have hearing loss.
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Nephrotoxicity may be greater when aminoglycosides are 
combined with cephalosporins. Neuromuscular blockade may 
be potentiated by the combined use of aminoglycosides and 
curariform drugs. Potentiation of magnesium sulfate-induced 
neuromuscular weakness has also been reported in a neonate 
exposed to magnesium sulfate and gentamicin.

Other than ototoxicity, no known teratogenic effect has been 
associated with aminoglycosides in the first trimester. In 135 
infants exposed to streptomycin in the Collaborative Perinatal 
Project, no teratogenic effects were observed. Among 1619 new
borns whose mothers were treated for tuberculosis with multiple 
drugs, including streptomycin, the incidence of congenital 
defects was the same as in a healthy control group.

ANTITUBERCULOSIS DRUGS
No evidence suggests any teratogenic effect of isoniazid, para- 
aminosalicylic acid, rifampin, or ethambutol.

ERYTHROMYCIN
No teratogenic risk of erythromycin has been reported. In 79 
patients in the Collaborative Perinatal Project and 260 in another 
study, no increase in birth defects was noted.

CLARITHROMYCIN
Of 122 first-trimester exposures, no significant risk of birth 
defects was reported with clarithromycin.

FLUOROQUINOLONES
The quinolones (ciprofloxacin and norfloxacin) have a high 
affinity for bone tissue and cartilage and may cause arthralgia 
in children. However, no malformations or musculoskeletal 
problems were noted in 38 infants exposed in utero in the first 
trimester, in 132 newborns exposed in the first trimester in 
the Michigan Medicaid data, or in 200 other first trimester 
exposures.

METRONIDAZOLE
Studies have failed to show any increase in the incidence of 
congenital defects among the newborns o f mothers treated 
with metronidazole during early or late gestation. Among 
1387 prescriptions filled, no increase in birth defects could be 
determined. A meta-analysis confirmed lack of teratogenic risk.

Antiviral Agents
The Acyclovir Registry has recorded 756 first-trimester expo
sures with no increased risk of abnormalities in the infants.57 
Among 1561 pregnancies exposed to acyclovir, 229 exposed to 
valacyclovir, and 26 exposed to famciclovir— all in the first 
trimester— no increased risk of birth defects was found.58 The 
Centers for Disease Control and Prevention (CDC) recom
mends that pregnant women with disseminated infection (e.g., 
herpetic encephalitis or hepatitis or varicella pneumonia) be 
treated with acyclovir.

LINDANE
After application of lindane to the skin, about 10% of the dose 
used can be recovered in the urine. Toxicity in humans after 
use of topical 1 % lindane has been observed almost exclusively 
after misuse and overexposure to the agent. Although no evi
dence of specific fetal damage is attributable to lindane, the 
agent is a potent neurotoxin, and its use during pregnancy 
should be limited. Pregnant women should be cautioned about

shampooing their children’s hair because absorption could easily 
occur across the skin of the hands. An alternate drug for lice 
is usually recommended, such as pyrethrins with piperonyl 
butoxide.

Antiretroviral Agents
Zidovudine (ZDV) should be included as a component in the 
antiretroviral regimen whenever possible because o f its record 
of safety and efficacy. In a prospective cohort study, children 
exposed to ZDV in the perinatal period through Pediatric AIDS 
Clinical Trials Group Protocol 076 were studied up to a median 
age of 4.2 years. No adverse effects were observed in these chil
dren. The International Antiretroviral Registry was established 
in 1989 to detect any major teratogenic effect of the antiretro
viral drugs. Through January 2004, more than 1000 pregnancies 
had first-trimester exposures to ZDV and lamivudine, and no 
increase in teratogenicity was reported.

Concerns have been raised regarding the use of other antiret
roviral therapies. Efavirenz is not recommended during preg
nancy because of reports of significant malformations in monkeys 
who received efavirenz during the first trimester and also three 
case reports of fetal NTDs in women who received the drug.59 
In 2001, Bristol-Myers Squibb issued a warning advising against 
the use of didanosine and stavudine in pregnant women after 
cases of lactic acidosis were reported, some of which were fatal. 
These two drugs should only be used if  no other alternatives are 
available.

Antifungal Agents
Nystatin is poorly absorbed from intact skin and mucous mem
branes, and topical use has not been associated with teratogen- 
esis. Clotrimazole or miconazole use in pregnancy is not known 
to be associated with congenital malformations. However, in one 
study, a statistically significant increase in risk of first-trimester 
abortion was noted after use of these drugs, but these findings 
were considered not to be definitive evidence of risk. O f 2092 
newborns exposed in the first trimester in the M ichigan Medic
aid data, no increased risk of anomalies was found.

Limb deformities were reported in three infants exposed to 
400 to 800 mg/day of fluconazole in the first trimester. How
ever, in systematic studies of 460 patients who received a single 
150-mg dose of fluconazole, no increased risk of defects was 
observed.60 In one registry study,61 fluconazole was associated 
with an increased risk of Tetralogy of Fallot.

Drugs for Induction of Ovulation
In more than 2000 exposures, no evidence of teratogenic risk of 
clomiphene has been noted, and the percentage of spontaneous 
abortions is close to the expected rate. Although infants are often 
exposed to bromocriptine in early pregnancy, no teratogenic 
effects have been observed in more than 1400 pregnancies.

Mild Analgesics
Some pains during pregnancy justify the use of a m ild analgesic. 
However, pregnant patients should be encouraged to use non- 
pharmacologic remedies such as local heat and rest.

ASPIRIN
No evidence suggests any teratogenic effect of aspirin taken in 
the first trimester. Aspirin does have significant perinatal 
effects, however, because it inhibits prostaglandin synthesis. 
Uterine contractility is decreased, and patients taking aspirin
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in analgesic doses have delayed onset o f labor, longer 
duration o f labor, and an increased risk o f a prolonged 
pregnancy.

Aspirin also decreases platelet aggregation, which can 
increase the risk o f bleeding before as well as at delivery.
Platelet dysfunction has been described in newborns within 5 
days of ingestion of aspirin by the mother. Because aspirin causes 
permanent inhibition of prostaglandin synthetase in platelets, 
the only way for adequate clotting to occur is for more platelets 
to be produced.

Multiple organs may be affected by chronic aspirin use. Of 
note, prostaglandins mediate the neonatal closure of the ductus 
arteriosus. In one case report, maternal ingestion of aspirin close 
to the time of delivery was related to closure of the ductus arte
riosus in utero.

ACETAMINOPHEN
Acetaminophen has also shown no evidence of teratogenicity.62 
W ith acetaminophen, inhibition of prostaglandin synthesis is 
reversible; thus once the drug has cleared, platelet aggregation 
returns to normal. In contrast to aspirin, bleeding time is not 
prolonged with acetaminophen, and the drug is not toxic to 
the newborn. Thus if  a mild analgesic or antipyretic is indicated, 
acetaminophen is preferred over aspirin.

Patients should be counseled on the risks associated with 
taking excessive amounts of acetaminophen. Doses of greater 
than 4 g daily (8 extra strength acetaminophen, 12 regular 
strength acetaminophen) are associated with liver fibrosis, 
leading to cirrhosis and liver failure. These deleterious effects are 
only effectively managed by liver transplantation. Patients 
should understand the doses of acetaminophen in all the prod
ucts taken for pain. Combination products that contain acet
aminophen may be overlooked in calculating the total daily 
dose, leading to unintentional overdose.

NONSTEROIDAL ANTIINFLAMMATORY AGENTS
No evidence of teratogenicity has been reported for other non
steroidal antiinflammatory drugs (NSAIDs such as ibuprofen, 
naproxen, diclofenac, and piroxicam).63,64 Chronic use may lead 
to oligohydramnios, and constriction of the fetal ductus arterio
sus or neonatal pulmonary hypertension, as has been reported 
with indomethacin, might occur.

CODEINE
In the Collaborative Perinatal Project, no increased relative risk 
of malformations was observed in 563 codeine users. In one 
recent study, maternal treatment with opioid analgesics was 
associated with an increased risk of heart defects, spina bifida, 
and gastroschisis. Codeine can cause addiction and newborn 
withdrawal symptoms if used to excess perinatally.

SUMATRIPTAN
O f 479 exposures to sumatriptan in the first trimester,65 4.6% 
of infants had birth defects— not significantly different from the 
nonexposed population. For women whose severe headaches 
do not respond to other therapy, sumatriptan may be used 
during pregnancy.66

BISPHOSPHONATES
The bisphosphonate drug class represents a group of medications 
used for treating a variety of bone disorders, including osteopo
rosis and Paget disease, and for controlling excess blood calcium

in the setting of cancer or after chemotherapy administration. 
A published review of case reports for the bisphosphonate drug 
class—which includes alendronate, ibandronate, risedronate, 
etidronate, pamidronate, tiludronate, and zoledronic acid— in 
both short- and long-term use showed no serious fetal or 
neonatal adverse effects. Marginal decreases in gestational age, 
birthweight, and neonatal abnormalities may be attributed to 
bisphosphonate use. The decision to continue bisphosphonate 
use in pregnancy is based on the patient’s duration and amount 
of osteopenia or osteoporosis. Patients should also be counseled 
on appropriate calcium supplementation and the use of vitamin 
D, which can mitigate the risk of bone-related issues.67

DRUGS OF ABUSE 
Tobacco and Nicotine Products
Sorting out potential confounding factors is complicated when 
comparing smokers with nonsmokers. However, smoking is 
associated with a fourfold increase in small size for gestational 
age as well as an increased prematurity rate. The higher perina
tal mortality rate associated with smoking is attributable to 
an increased risk o f abruptio placentae, placenta previa, pre
mature and prolonged rupture o f membranes, and IUGR. 
The risks of complications and of the associated perinatal loss 
rise with the number of cigarettes smoked. Discontinuation of 
smoking during pregnancy can reduce the risk of both preg
nancy complications and perinatal mortality, especially in 
women at high risk for other reasons. Maternal passive smoking 
was also associated with a twofold risk of low birthweight at 
term in one study (see Chapter 6).

A positive association has also been found between smoking 
and sudden infant death syndrome (SIDS) and increased respi
ratory illnesses in children. In such reports, it is not possible 
to distinguish between apparent effects of maternal smoking 
during pregnancy and smoking after pregnancy, but both may 
play a role.

The spontaneous abortion rate for smokers may be up to twice 
that of nonsmokers, and abortions associated with maternal 
smoking tend to have a higher percentage of normal karyotypes 
and occur later than those with chromosomal aberrations.

Smoking Cessation During Pregnancy
Tobacco smoke contains nicotine, carbon monoxide, and thou
sands of other compounds. Although nicotine is the mechanism 
of addiction to cigarettes, other chemicals may contribute to 
adverse pregnancy outcomes. For example, carbon monoxide 
decreases oxygen delivery to the fetus, whereas nicotine decreases 
uterine blood flow.

Nicotine withdrawal may first be attempted with nicotine 
fading, switching to brands of cigarettes with progressively less 
nicotine over a 3-week period. Exercise may also improve quit
ting success rates. Nicotine medications are indicated for 
patients with nicotine dependence, defined as smoking more 
than one pack per day, smoking within 30 minutes of getting 
up in the morning, or prior withdrawal symptoms. Nicotine 
medications are available as patches, gums, or inhalers. Although 
the propriety o f prescribing nicotine during pregnancy might 
be questioned, cessation o f smoking eliminates many other 
toxins, including carbon monoxide; nicotine blood levels are 
not increased over that o f smokers. In a randomized trial,68 
adding a nicotine patch to behavioral cessation support did not 
increase the rate of abstinence from smoking until delivery.
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Compliance was low, and fewer than 10% of women in both 
groups used patches for more than 1 month.

Congenital anomalies occurred in five of 188 infants of 
women treated with bupropion during the first trimester of 
pregnancy—not a significant difference from the number 
expected. No data are available on the safety of varenicline use 
in pregnancy.69 However, both of these medications have recently 
had product warnings mandated by the FDA about the risk of 
psychiatric symptoms and suicide associated with their use.

Alcohol
Fetal alcohol syndrome (FAS) has been reported in the offspring 
of alcoholic mothers and includes the features of gross physical 
retardation with onset prenatally and continuing after birth 
(Fig. 8-8).

In 1980, the Fetal Alcohol Study Group of the Research 
Society on Alcoholism proposed criteria for the diagnosis 
of FAS. At least one characteristic from each of the following 
three categories had to be present for a valid diagnosis of the 
syndrome:

1. Growth retardation before and/or after birth
2. Facial anomalies including small palpebral fissures; in

distinct or absent philtrum; epicanthic folds; flattened 
nasal bridge; short nose length; thin upper lip; low-set, 
unparallel ears; and retarded midfacial development

3. Central nervous system dysfunction including microceph
aly, varying degrees of mental retardation, or other evi
dence of abnormal neurobehavioral development such as 
attention-deficit/hyperactivity disorder (ADHD)

The full syndrome occurs in 6% o f infants o f heavy drink
ers, and less severe birth defects and neurocognitive deficits 
occur in a larger proportion o f children whose mothers 
drank heavily during pregnancy.

Jones and colleagues compared 23 chronically alcoholic 
women with 46 controls and compared the pregnancy outcomes

of the two groups. Among the alcoholic mothers, perinatal 
deaths were about eight times more frequent. Growth restric
tion, microcephaly, and IQ  below 80 were considerably more 
frequent in alcoholic women than among the controls. Overall 
outcome was abnormal in 43% of the offspring of the alcoholic 
mothers compared with 2% of the controls.

Ouellette and associates addressed the risks of smaller amounts 
of alcohol. Nine percent of infants of abstinent or rare drinkers 
and 14% of infants of moderate drinkers were abnormal— not 
a significant difference. In heavy drinkers (average daily intake 
of 3 oz o f 100-proof liquor or more), 32%  of the infants had 
anomalies. The aggregate pool of anomalies, growth restriction, 
and an abnormal neurologic examination was found in 71% of 
the children of heavy drinkers, twice the frequency in the moder
ate and rarely drinking groups. In this study, an increased fre
quency of abnormality was not found until 45 mL of ethanol 
daily (equivalent to three drinks) were exceeded. The study of 
Mills and Graubard also showed that total malformation rates 
were not significantly higher among offspring of women who 
had an average of less than one drink per day or one to two 
drinks per day than among nondrinkers. Genitourinary malfor
mations increased with increasing alcohol consumption, 
however, so the possibility remains that for some malformations, 
no safe drinking level exists.

Heavy drinking remains a major risk to the fetus, and 
reduction even in midpregnancy can benefit the infant. 70 An 
occasional drink during pregnancy carries no documentable risk, 
but no level of drinking is known to be safe (see Chapter 6).

Sokol and colleagues have addressed history taking for prena
tal detection of risky drinking. Four questions help differentiate 
patients who drink sufficiently to potentially injure the fetus 
(Box 8-2). The patient is considered at risk if  more than two 
drinks are required to make her feel “high.” The probability of 
risky drinking increases to 63% for those who respond positively 
to all four questions.

FIG 8-8 Fetal alcohol syndrome. A , At birth. B, At 5 years. C, At 8 years. Note the short palpebral fissures, short nose, hypoplastic philtrum, 
thinned upper lip vermillion, and flattened midface. (From Streissguth AP. CIBA Foundation Monograph 105. London: Pitman; 1984.)
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BOX 8-2 T-ACE QUESTIONS FOUND TO IDENTIFY 
WOMEN DRINKING SUFFICIENTLY TO POTENTIALLY 
INJURE THE FETUS*

T  H o w  m a n y  d rin k s  d o e s  it  take  to  m ake  y o u  fee l h igh?
H o w  m a n y  d rin k s  can y o u  ho ld?  ( to le rance)

A  Have p e o p le  annoyed  yo u  b y  c r itic iz in g  y o u r  d rin k in g ?  
C Have y o u  fe lt  y o u  o u g h t to  cu t dow n  on  y o u r  d rin k in g ?  
E Have y o u  e ve r had  to  d r in k  f ir s t  th in g  in th e  m o rn in g  to  

s te a d y  y o u r  n e rve s  o r  to  g e t r id  o f a h a n g o ve r?  (eye 
opener)

From Sokol RJ, Martier SS, Ager JW. The T-ACE questions: practical 
prenatal detection o f risk-drinking. A m  J  O bste t Gynecol. 1989:160:863. 
*Two points are scored as a positive answer to  the tolerance question 
and one point each is scored fo r the other three. A score o f 2 or more 
correctly identified 69% of risk drinkers.

Cannabis
No significant teratogenic effect of Cannabis has been docu
mented, but the data are insufficient to say that no risk is 
present. One study that found a mean 73-g decrease in birth
weight associated with Cannabis use validated exposure with 
urine assays rather than relying on self-reporting. Other studies 
have not shown an effect on birthweight or length. Behavioral 
and developmental alterations have been observed in some 
studies but not in others.

Cocaine
A serious difficulty in defining the effects of cocaine on the 
infant is the frequent presence of many confounding variables 
in the population using cocaine. These mothers often abuse 
other drugs, smoke, have poor nutrition, fail to seek prenatal 
care, and live under poor socioeconomic conditions. All of these 
factors are difficult to take into account in comparison groups. 
Another difficulty is the choice of outcome measures for infants 
exposed in utero. The neural systems likely to be affected by 
cocaine are involved in neurologic and behavioral functions not 
easily quantitated by standard infant development tests.

Cocaine-using women have a higher rate o f spontaneous 
abortion than controls. Other studies have suggested an 
increased risk o f congenital anomalies after first-trimester 
cocaine use, most frequently those o f the cardiac and central 
nervous systems. In the study of Bingol and colleagues, the 
malformation rate was 10% in cocaine users, 4.5%  in “polydrug 
users,” and 2% in controls. MacGregor and associates reported 
a 6% anomaly rate compared with 1% for controls.

Cocaine is a CNS stimulant that has local anesthetic and 
marked vasoconstrictive effects. Not surprisingly, abruptio pla
centae has been reported to occur immediately after nasal or 
IV administration. 1 Several studies have also noted increased 
stillbirths, preterm labor, premature birth, and SGA infants with 
cocaine use.

The most common brain abnormality in infants exposed 
to cocaine in utero is impairment o f intrauterine brain 
growth as manifested by microcephaly. ' In one study, 16% 
of cocaine-exposed newborns had microcephaly compared with 
6% of controls. Somatic growth is also impaired, and so the 
growth restriction may be symmetric or characterized by a rela
tively low head circumference/abdominal circumference ratio. 
Multiple other neurologic problems have been reported after 
cocaine exposure in addition to dysmorphic features and neu- 
robehavioral abnormalities.

Aside from causing congenital anomalies in the first trimester, 
cocaine has been reported to cause fetal disruption, presumably 
as a result of interruption of blood flow to various organs. Bowel 
infarction has been noted with unusual ileal atresia and bowel 
perforation. Limb infarction has resulted in missing fingers in a 
distribution different from the usual congenital limb anomalies. 
CNS bleeding in utero may result in porencephalic cysts.

Narcotics and Methadone
Menstrual abnormalities, especially amenorrhea, are common in 
heroin abusers, although these symptoms are not associated with 
the use of methadone. Medical intervention is more likely to 
involve methadone maintenance, with the goal being a dose of 
approximately 20 to 40 mg/day. The dose should be individual
ized at a level sufficient to minimize the use of supplemental 
illicit drugs, which represent greater risk to the fetus than even 
the higher doses of methadone required by some patients. 
Manipulation of the dose in women maintained on methadone 
should be avoided in the last trimester because of an association 
with increased fetal complications and deaths attributed to fetal 
withdrawal in utero. Because management of narcotic addiction 
during pregnancy requires a host of social, nutritional, educa
tional, and psychiatric interventions, these patients are best 
managed in specialized programs. Buprenorphine is also an 
acceptable treatment, and infants exposed to this drug required 
less morphine and had shorter hospital stays and shorter dura
tion of treatment for neonatal abstinence syndrome than did 
infants exposed to methadone. However, women on buprenor
phine were more likely to discontinue treatment.

The pregnancy o f the narcotic addict is at increased risk for 
abortion, prematurity, and growth restriction. Withdrawal 
should be watched for carefully in the neonatal period. ’

Caffeine
No evidence o f teratogenic effects o f caffeine in humans has 
been found. The Collaborative Perinatal Project showed no 
increased incidence of congenital defects in 5773 women taking 
caffeine in pregnancy, usually in a fixed-dose analgesic medica
tion. The average cup of coffee contains about 100 mg of caf
feine, and a 12 oz can of soda contains about 50 mg. Some 
conflicting evidence exists concerning the association between 
heavy ingestion of caffeine and increased pregnancy complica
tions. Early studies suggested that the intake of greater than 
seven to eight cups of coffee per day was associated with low- 
birthweight infants, spontaneous abortions, prematurity, and 
stillbirths. However, these studies were not controlled for the 
concomitant use of tobacco and alcohol. In one report that 
controlled for smoking and other habits, demographic char
acteristics, and medical history, no relationship was found 
between malformations, low birthweight, or short gestation 
and heavy coffee consumption. When pregnant women con
sumed more than 300 mg of caffeine per day, one study sug
gested an increase in term low-birthweight infants less than 
2500 g at greater than 36 weeks.

Concomitant consumption of caffeine with cigarette smoking 
may increase the risk of low birthweight. Maternal coffee intake 
decreases iron absorption and may contribute to maternal 
anemia.

Two other studies have shown conflicting results. One retro
spective investigation that reported a higher risk of fetal loss was 
biased by ascertainment of the patients at the time of fetal loss 
because these patients typically have less nausea and would be 
expected to drink more coffee. A prospective cohort study found
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no evidence that moderate caffeine use increased the risk of spon
taneous abortion or growth restriction. Measurement of serum 
paraxanthine, a caffeine metabolite, revealed that only extremely 
high levels are associated with spontaneous abortions.

The American College o f Obstetricians and Gynecologists 
(ACOG) concluded that moderate caffeine consumption 
(less than 200 mg/day) does not appear to be a major con
tributing factor in miscarriage or preterm birth, but the rela
tionship to growth restriction remains undetermined. 1 High 
caffeine intake may or may not be related to miscarriage, and so 
lim iting intake to 200 mg/day seems prudent. 4

Aspartame
The major metabolite of aspartame is phenylalanine,73 which is 
concentrated in the fetus by active placental transport. Sustained 
high blood levels of phenylalanine in the fetus as seen in mater
nal phenylketonuria (PKU) are associated with mental retarda
tion in the infant. However, within the usual range of aspartame 
ingestion in normal individuals, peak phenylalanine levels do 
not exceed normal postprandial levels, and even with high doses, 
phenylalanine concentrations are still very far below those asso
ciated with mental retardation. These responses have also been 
studied in women who are obligate carriers of PKU, and their 
levels are still normal. Thus it seems unlikely that aspartame 
during pregnancy would cause any fetal toxicity.

DRUGS IN BREAST MILK
M any drugs that are not usually of clinical significance to the 
infant can be detected in breast m ilk at low levels. The rate of 
transfer into m ilk depends on the lipid solubility, molecular 
weight, degree of protein binding, degree of ionization of the 
drug, and the presence or absence of active secretion. Nonion
ized molecules of low molecular weight, such as ethanol, cross 
easily. If the mother has unusually high blood concentrations, 
such as with increased dosage or decreased renal function, drugs 
may appear in higher concentrations in the milk.

The amount of drug in breast m ilk is a variable fraction of the 
maternal blood level, which itself is proportional to the maternal 
oral dose. Thus the dose to the infant is usually subtherapeutic, 
approximately 1% to 2% of the maternal dose on average. This 
amount is usually so trivial that no adverse effects are noted. 
In the case of toxic drugs, however, any exposure may be inap
propriate. Allergy may also exist or may be initiated. Long-term 
effects of even small doses of drugs may yet be discovered. Also, 
drugs are eliminated more slowly in the infant with immature 
enzyme systems. Short-term effects of most maternal medica
tions on breastfed infants are mild and pose little risk to the 
infants. Because the benefits of breastfeeding are well known, 
the risk of drug exposure must be weighed against these benefits.

W ith drug administration in the immediate few days post
partum, before lactation is fully established, the infant receives 
only a small volume of colostrum; thus little drug is excreted 
into the milk. It is also helpful to allay the fears of patients 
undergoing cesarean deliveries that analgesics or other drugs 
administered at this time might have some adverse effects on the 
infant because no adverse effects have been shown. For drugs 
that require daily dosing during lactation, knowledge of phar
macokinetics in breast m ilk may minimize the dose to the infant. 
For example, dosing immediately after nursing decreases the 
neonatal exposure because the blood level will be at its nadir just 
before the next dose.

Short-term effects, if  any, o f most maternal medications on 
breastfed infants are mild and pose little risk to the infants. 6
O f 838 breastfeeding women, 11.2% reported minor adverse 
reactions in the infants, but these reactions did not require 
medical attention. In 19%, antibiotics caused diarrhea; in 11%, 
narcotics caused drowsiness; in 9%, antihistamines caused irri
tability; and in 10%, sedatives, antidepressants, or antiepileptics 
caused drowsiness.76

The American Academy of Pediatrics has reviewed drugs 
in lactation77,78 and now refers providers to LactMed (http:// 
toxnet.nlm.nih.gov) for effects of specific drugs.

D ru g s  C o m m o n ly  L is te d  as C o n tra in d ic a te d  
D u rin g  B re a s tfe e d in g  
Cytotoxic Drugs That May Interfere With Cellular 
Metabolism of the Nursing Infant
Cyclosporine, doxorubicin, and cyclophosphamide might cause 
immune suppression in the infant, although data are limited 
with respect to these drugs. In general, the potential risks of the 
drugs would outweigh the benefits of continuing nursing.78

After oral administration to a lactating patient with chorio
carcinoma, methotrexate was found in m ilk in low but detect
able levels. Most individuals would elect to avoid any exposure 
of the infant to this drug. However, in environments in which 
bottle feeding is rarely practiced or presents practical or cultural 
difficulties, therapy with this drug would not in itself appear to 
constitute a contraindication to breastfeeding.

Drugs of Abuse for W hich Adverse Effects on the Infant 
During Breastfeeding Have Been Reported
Drugs of abuse such as amphetamines, cocaine, heroin, LSD, 
and phencyclidine are all contraindicated during breast feeding 
because they are hazardous to the nursing infant and to the 
health of the mother.78

Radioactive Compounds That Require Temporary 
Cessation of Breastfeeding
The American Academy of Pediatrics78 suggests consultation 
with a nuclear medicine physician so that the radionuclide with 
the shortest excretion time in breast m ilk can be used for lactat
ing patients. The mother can attempt to store breast m ilk before 
the study, and she should continue to pump to maintain m ilk 
production but should discard the m ilk during therapy. The 
physician may reassure the patient by assessing the radioactivity 
of the m ilk before nursing is resumed. Radiopharmaceuticals 
require variable intervals o f interruption o f nursing.

Drugs for Which the Effect on Nursing Infants 
Is Unknown but May Be of Concern
This category includes several classes of psychotropic drugs, 
amiodarone (associated with hypothyroidism), lamotrigine (po
tential for therapeutic serum concentration in the infant), meto- 
clopramide (potential dopaminergic blocking, but no reported 
detrimental effects), and metronidazole.78

Antianxiety, antidepressant, and antipsychotic agents are 
sometimes given to nursing mothers. Although no data are avail
able about adverse effects in infants exposed to these drugs 
through breast milk, they could theoretically alter CNS func
tion.78 Some psychoactive drugs have been reported to appear 
in breast m ilk in levels that approach clinical significance (10% 
or more). These include bupropion, fluoxetine, citalopram, ser
traline, and venlafaxine.78 Fluoxetine is excreted in breast m ilk
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Exposure to sertraline

FIG 8-9 Effect of sertraline on platelet 5-hydroxytryptamine levels 
in four breastfed infants and their mothers. (From Epperson CN, 
Anderson GM, McDougle CJ. Sertraline and breast-feeding. N Engl J 
Med. 1997:336:1189.)

at low levels, so the infant receives approximately 6.7% of the 
maternal dose.79 The level in the breastfed newborn is certainly 
lower than the level during pregnancy.

Sertraline causes a decline in 5-hydroxytryptamine levels 
in mothers but not in their breastfed infants.1" This implies 
that the small amount o f drug the infant ingests in breast 
milk is not enough to have a pharmacologic effect (Fig. 8-9). 
Infants o f mothers taking psychotropic drugs should be 
monitored for sedation during use and for withdrawal after 
cessation o f the drug.

A bigger problem is postpartum depression exacerbated by 
fatigue, and the benefits o f nursing should be weighed against 
the negative effect on bonding that would result from 
untreated postpartum depression.

Temporary cessation of breastfeeding after a single dose of 
metronidazole may be considered. Its half-life is such that inter
ruption of lactation for 12 to 24 hours after single-dose therapy 
usually results in negligible exposure to the infant. However, no 
adverse effects in infants have been reported.

Drugs Associated With Significant Effects in Some 
Nursing Infants That Should Be Given to Nursing 
Mothers With Caution 
BROMOCRIPTINE
Bromocriptine is an ergot alkaloid derivative. Because it has an 
inhibitory effect on lactation, it should be avoided unless the 
mother has taken it during the pregnancy.

ERGOTAMINE
Ergotamine is used by some for migraine headache, and it has 
been associated with vomiting, diarrhea, and convulsions in the 
infant. Administration of an ergot alkaloid for the treatment of 
uterine atony does not contraindicate lactation.

LITHIUM
Breast m ilk levels of lithium are one third to one half of the 

maternal serum levels, and the infant’s serum levels while nursing 
are much lower than the fetal levels that occur when the mother 
takes lithium during pregnancy. The benefits of breastfeeding 
must be weighed against the theoretic effects of small amounts 
of the drug on the developing brain.78

Maternal Medication Usually Compatible 
With Breastfeeding
NARCOTICS, SEDATIVES, AND ANTICONVULSANTS
In general, no evidence of adverse effect is noted with most of 
the sedatives, narcotic analgesics, and anticonvulsants. Patients 
may be reassured that in normal doses, carbamazepine, phe
nytoin, magnesium sulfate, codeine, morphine, and meperidine 
do not cause any obvious adverse effects in breastfed infants 
because the dose detectable in the breast m ilk is approximately 
1 % to 2% of the mother’s dose, which is sufficiently low to have 
no significant pharmacologic activity.

Although the short-term use of codeine by a breastfeeding 
mother appears to be harmless, in one case, a mother was breast
feeding while taking codeine and acetaminophen for episiotomy 
pain. On day 7, the infant was lethargic and had difficulty 
feeding, and the infant died on day 13. The mother was an 
ultra-rapid metabolizer who converted codeine to morphine at 
a rapid rate. The milk level of morphine was 87 ng/mL, whereas 
the infant’s level was 70 ng/mL.81 Because a mother’s status is 
rarely known, the use of any codeine product should be restricted 
to less than 2 days.

W ith diazepam, the milk/plasma ratio at peak dose is 0.68, 
with only small amounts detected in the breast milk. In two 
lactating patients who took carbamazepine while nursing, the 
concentration of the drug in the breast m ilk at 4 and 5 weeks 
postpartum was similar—about 60% of the maternal serum 
level. Accumulation does not seem to occur, and no adverse 
effects were noted in either infant.

COLD PREPARATIONS
Although studies are not extensive, no harmful effects have been 
noted from antihistamines or decongestants. Less than 1% of a 
pseudoephedrine dose or triprolidine dose ingested by the 
mother is excreted in the breast milk.

ANTIHYPERTENSIVES
THIAZIDES
After a single 500-mg oral dose of chlorothiazide, no drug was 
detected in breast milk. In one mother taking 50 mg of hydro
chlorothiazide daily, the drug was not detectable in the nursing 
infant’s serum, and the infant’s electrolytes were normal. Thia
zide diuretics may decrease m ilk production in the first month 
of lactation.

P-BLOCKERS
Propranolol is excreted in breast milk, with m ilk concentra
tions after a single 40-mg dose less than 40% of peak plasma 
concentrations. Thus an infant consuming 500 mL/day of milk 
would ingest an amount that represents approximately 1% of a 
therapeutic dose, which is unlikely to cause any adverse effect.

Atenolol is concentrated in breast m ilk to about three times 
the plasma level. One case was reported in which a 5-day-old 
term infant had signs of (i-adrenergic blockade with bradycardia 
(80 beats/min) with the breast m ilk dose calculated to be 9% of

ak
us

he
r-li

b.r
u



154 Section II Prenatal Care

the maternal dose. Adverse effects in other infants have not been 
reported. Because m ilk accumulation occurs with atenolol, 
infants must be monitored closely for bradycardia. Propranolol 
is a safer alternative.

Clonidine concentrations in milk are almost twice the mater
nal serum levels. Neurologic and laboratory parameters in the 
infants of treated mothers are similar to those of controls.

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS 
Captopril is excreted into breast milk in low levels, and no effects 
on nursing infants have been observed.

CALCIUM CHANNEL BLOCKERS
Nifedipine is excreted into breast m ilk at a concentration of less 
than 5% of the maternal dose, and verapamil is excreted at an 
even lower level. Neither have caused adverse effects in the infant.

ANTICOAGULANTS
Most mothers who require anticoagulation may continue to 
nurse their infants with no problems. Heparin does not cross 
into m ilk and is not active orally.

At a maternal dose of warfarin of 5 to 12 mg/day in seven 
patients, no warfarin was detected in breast m ilk or in infant 
plasma. This low concentration is probably because warfarin is 
98% protein bound, and the m ilk would contain an insignifi
cant amount of drug to exert an anticoagulant effect.82 Another 
report confirmed that warfarin appears only in insignificant 
quantities in breast m ilk.83 The oral anticoagulant bishydroxy- 
coumarin was given to 125 nursing mothers with no effect on 
the infants’ prothrombin times and no hemorrhages. Thus w ith  
careful m o n ito rin g  o f  maternal p ro th rom b in  tim e, so tha t 
the dosage is m in im ized, and o f  neonatal p ro th rom b in  times 
to  ensure lack o f  drug accumulation, w arfa rin  may be safely 
administered to nursing mothers.

CORTICOSTEROIDS
Prednisone enters breast m ilk in an amount not likely to have 
any deleterious effect. In a study of seven patients, 0.14% of a 
sample was secreted in the m ilk in the subsequent 60 hours, a 
negligible quantity. Even at 80 mg/day, the nursing infant would 
ingest less than 0.1% of the dose, less than 10% of its endoge
nous cortisol.

DIG0XIN
Digoxin enters breast m ilk in a small amount because of signifi
cant maternal protein binding. In 24 hours, an infant would 
receive about 1% of the maternal dose. No adverse effects in 
nursing infants have been reported.

ANTIBIOTICS
Penicillin derivatives are safe in nursing mothers. W ith the usual 
therapeutic doses of penicillin or ampicillin, no adverse effects 
are noted in the breastfed infants. In susceptible individuals or 
with prolonged therapy, diarrhea and candidiasis are concerns.

Dicloxacillin is 98% protein bound. If this drug is used to 
treat breast infections, very little will get into the breast milk, 
and nursing may be continued.

Cephalosporins appear only in trace amounts in milk. In one 
study, after cefazolin 500 mg was administered intramuscularly 
three times a day, no drug was detected in breast milk. After 2 g 
of cefazolin was administered intravenously, the infant was 
exposed to less than 1% of the maternal dose.

Tooth staining or delayed bone growth from tetracyclines 
have not been reported after the drug was taken by a breastfeed
ing mother. This finding is probably because of the high binding 
of the drug to calcium and protein, lim iting its absorption from 
the milk. The amount of free tetracycline available is too small 
to be significant.

Sulfonamides only appear in small amounts in breast m ilk 
and are ordinarily not contraindicated during nursing. However, 
the drug is best avoided in premature, ill, or stressed infants in 
whom hyperbilirubinemia may be a problem, because the drug 
may displace bilirubin from binding sites on albumin. On the 
other hand, sulfasalazine was not detected in the breast m ilk of 
a mother taking this drug.84

Gentamicin is transferred into breast milk, and half of nursing 
newborn infants have the drug detectable in their serum. The 
low levels detected would not be expected to cause clinical 
effects.

Nitrofurantoin is excreted into breast m ilk in very low con
centrations. In one study, the drug could not be detected in 20 
samples from mothers receiving 100 mg four times a day.

Erythromycin is excreted into breast m ilk in small amounts, 
although no reports of adverse effects on infants exposed to 
erythromycin in breast m ilk have been noted. Azithromycin also 
appears in breast m ilk in low concentrations. Clindamycin is 
excreted into breast m ilk in low levels, and nursing is usually 
continued during administration of this drug.

There are no reported adverse effects on the breastfed infant 
when isoniazid is administered to nursing mothers, and its use 
is considered to be compatible with breastfeeding.78

ACYCLOVIR
Acyclovir is compatible with breastfeeding. If a mother takes 
1 g/day, the infant receives less than 1 mg/day—a very low dose.

ANTIFUNGAL AGENTS
No data are available on the effects of nystatin, miconazole, or 
clotrimazole in breast milk. However, with only small amounts 
absorbed vaginally and poor oral bioavailability, this would not 
be expected to be a clinical problem. Infant exposure to keto- 
conazole in human m ilk was 0.4% of the therapeutic dose, again 
unlikely to cause adverse effects.

ORAL CONTRACEPTIVES
Estrogen and progestin combination oral contraceptives cause 
dose-related suppression of m ilk production. Oral contracep
tives that contain 50 |ig or more of estrogen during lactation 
have been associated with shortened duration of lactation, 
decreased m ilk production, decreased infant weight gain, and 
decreased protein content of the milk. Lactation is inhibited to 
a lesser degree if  the pill is started about 3 weeks postpartum 
and with lower doses of estrogen than 50 |Ig. Although the 
magnitude of the change is low, it still may be of nutritional 
importance, particularly in malnourished mothers.

An infant who consumes 600 mL of breast m ilk daily from 
a mother using an oral contraceptive that contains 50 |Jg of 
ethinylestradiol receives a daily dose in the range of 10 ng of the 
estrogen. The amount of natural estradiol received by infants 
who consume a similar volume of m ilk from mothers not using 
oral contraceptives is estimated at 3 to 6 ng during anovulatory 
cycles and 6 to 12 ng during ovulatory cycles. No consistent 
long-term adverse effects on growth and development have been 
described.
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Evidence indicates that norgestrel is metabolized, rather than 
accumulated, by infants, and to date, no adverse effects have 
been identified as a result of progestational agents taken by the 
mother. ACOG recommends placement of the etonogestrel con
traceptive implant 4 weeks or more after childbirth. Progestin- 
only contraceptives do not cause alteration of breast m ilk 
composition or volume, making them ideal for the breastfeeding 
mother. W hen the infant is weaned, the mother should be 
switched to combined oral contraceptives for maximum contra
ceptive efficacy.

ALCOHOL
Alcohol levels in breast m ilk are similar to those in maternal 
blood. If a moderate social drinker had two cocktails and had a 
blood alcohol concentration of 50 mg/dL, the nursing infant 
would receive about 82 mg of alcohol, which would produce 
insignificant blood concentrations. No evidence suggests that 
occasional ingestion of alcohol by a lactating mother is harmful 
to the breastfed infant. However, one study showed that ethanol 
ingested chronically through breast m ilk might have a detrimen
tal effect on motor development but not mental development.85 
Also, alcohol in breast m ilk has an immediate effect on the odor 
of the milk, and this may decrease the amount of m ilk the infant 
consumes.86

PROPYLTHIOURACIL
Propylthiouracil (PTU) is found in breast milk in small amounts. 
If the mother takes 200 mg of PTU three times a day, the child 
would receive 149 (Xg daily, or the equivalent of a 70-kg adult 
receiving 3 mg/day. Several infants studied up to 5 months of 
age show no changes in thyroid parameters. Lactating mothers 
on PTU can thus continue nursing with close supervision of 
the infant. PTU has been preferred over methimazole because 
of its high protein binding (80%) and lower breast m ilk con
centrations. However, recently it has been observed that liver 
in jury is higher with PTU than with methimazole, but no cases 
of liver damage in infants of nursing mothers taking PTU have 
been reported.

H2-RECEPT0R BLOCKERS
In theory, H2-receptor antagonists such as ranitidine and cimeti- 
dine m ight suppress gastric acidity and cause CNS stimulation 
in the infant, but these effects have not been confirmed. The 
American Academy of Pediatrics now considers H2-receptor 
antagonists to be compatible with breastfeeding. Famotidine, 
nizatidine, and roxatidine are less concentrated in breast m ilk 
and may be preferable in nursing mothers.

CAFFEINE
Caffeine has been reported to have no adverse effects on the 
nursing infant, even i f  the mother consumes five cups o f 
coffee per day. In one study, the m ilk level contained 1% of 
the total dose 6 hours after coffee ingestion, which is not enough 
to affect the infant. In another report, no significant difference 
in 24-hour heart rate or sleep time was observed in nursing 
infants when their mothers drank coffee for 5 days or abstained 
for 5 days.87

TOBACCO
Nicotine and its metabolite cotinine enter breast milk. Infants 
of smoking mothers achieve significant serum concentrations of 
nicotine even if  they are not exposed to passive smoking;

exposure to passive smoking further raises the levels of nicotine. 
Women who smoke should be encouraged to stop during lacta
tion as well as during pregnancy.

OCCUPATIONAL AND 
ENVIRONMENTAL HAZARDS 
Ionizing Radiation
The general hazards of radiation exposure are well known. To 
provide counseling in specific clinical situations, key variables 
are dose, timing, and temporal sequence.

Acute Exposure
Systematic studies of atomic bomb survivors in Japan showed 
conclusively that in utero exposure to high-dose radiation 
increased the risk of microcephaly and mental and growth 
restriction in the offspring. Distance from the hypocenter— 
the area directly beneath the detonated bomb— and gestational 
age at the time of exposure were directly related to micro
cephaly and mental and growth restriction in the infant. 
The greatest number o f children with microcephaly, mental 
retardation, and growth restriction were in the group 
exposed at 15 weeks’ gestation or earlier. Exposures were 
calculated by the distance of the victims from the epicenter. 
Microcephaly and mental retardation were associated with ion
izing radiation at doses of 50 rads or greater, with 20 rads being 
the lowest dose at which microcephaly was observed. It is note
worthy that radiation from the atomic bomb blast differs from 
the low linear transfer of filtered radiation used in diagnostic 
studies.

Although teratogenic effects have been found in several organ 
systems of animals exposed to acute, high-dose radiation, the 
only structural malformations reported among humans exposed 
prenatally are those mentioned earlier. Using data from animals 
and from outcomes of reported human exposures at various 
times during pregnancy, Dekaban88 constructed a timetable for 
extrapolating acute, high-dose radiation (>250 rad) to various 
reproductive outcomes in humans. Similarities between animal 
and known human effects support Dekaban’s proposal.

Effects o f chronic low-dose radiation on reproduction 
have not been identified in animals or humans. Increased risk 
of adverse outcomes was not detected among animals with con
tinuous low-dose exposure (<5 rad) throughout pregnancy. The 
National Council for Radiation Protection89 concluded that 
exposures less than 5 rads were not associated with increased risk 
of malformations.

Exposures are expressed in Gray (Gy) increments: 1 Gy equals 
1000 mGy equals 100 rads (Table 8-1). Thus 10 mGy equals 1 
rad. Fortunately, virtually no single diagnostic test produces 
a substantive risk. Table 8-1 shows mean and maximum fetal 
exposure. Only multiple computed tomography (CT) scans and 
fluoroscopies would lead to cumulative exposures of 100 mGy 
or 10 rads. Internal exposures are 50% less than maternal surface 
doses.

Female frequent flyers or aircraft crew members may 
be exposed to radiation during frequent, long, high-altitude 
flights. The Federal Aviation Administration (FAA) recom
mends that exposure be limited to 1 mSv (0.1 rad) during the 
pregnancy.90

Therapeutic exposures for maternal thyroid ablation with I131 
are rare, but they can cause fetal thyroid damage after 12 weeks 
of pregnancy.
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TABLE 8-1 APPROXIMATE FETAL DOSES FROM 
COMMON DIAGNOSTIC PROCEDURES

E X A M IN A T IO N M EAN  (mGY) M A X IM U M  (mGY)

Conventional Radiography
Abdomen 1.4 4.2
Chest <0.01 <0.01
Intravenous urogram 1.7 10
Lumbar spine 1.7 10
Pelvis 1.1 4
Skull <0.01 <0.01
Thoracic spine <0.01 <0.01
Fluoroscopic Examinations
Barium meal (upper 1.1 5.8

gastrointestinal) 
Barium enema 6.8 24
Computed Tomography
Abdomen 8.0 49
Chest 0.06 0.96
Head <0.005 <0.005
Lumbar spine 2.4 8.6
Pelvis 25 79

From Lowe SA: Diagnostic radiography in pregnancy: risks and reality. Aust N  Z  J  Obstet 
Gynaecol. 2004;44:191.
10 mGY = 1 rad.

Mutagenesis
Mutagenic effects in the offspring of irradiated women may be 
manifested years after the birth of the infant. Mutagenic effects 
presumably explain the 50% increased risk of leukemia in chil
dren exposed in utero to radiation during maternal pelvimetry 
examinations compared with nonirradiated controls. However, 
the clinical consequence is almost nil. The absolute risk is 
approximately 1 in 2000 for exposed versus 1 in 3000 for unex
posed children.

Lowe89 estimates one additional cancer death per 1700 expo
sures of 10 mGy (1 rad). If it were to be recommended that 
pregnancies be terminated whenever exposure from diagnostic 
radiation occurred because of the increased probability of leu
kemia in the offspring, 1699 exposed pregnancies would have 
to be terminated to prevent a single case of leukemia. Radiation 
exposures should be minimized, but fear of radiation should 
never preclude a necessary diagnostic procedure. A consent form 
has been developed for use with pregnant women.91

Questions have also been raised about potential risks to 
children associated with paternal occupational exposure to low- 
dose radiation. A case-control study by Gardner and colleagues 
in the area around the Sellafield Nuclear Facility in the United 
Kingdom found a statistically significant association between 
paternal preconception radiation dose and childhood leukemia 
risk. A similar association had been observed between paternal 
preconception radiation and risk in workers at the Hanford 
nuclear facility in the United States. The finding regarding child
hood leukemia risk is a particularly contentious issue, contra
dicting studies of the children born to atomic bomb survivors 
who do not show genetic effects, such as increased risks of child
hood cancers. A study in the vicinity of nuclear facilities in 
Ontario also failed to demonstrate an association between child
hood leukemia risk and paternal preconceptional radiation 
exposure.

Video Display Terminals
Concern about video display terminals (VDTs) linked to adverse 
reproductive outcomes now seems unwarranted. Early concern 
grew out of reports of spontaneous abortion clusters among

groups of women who used VDTs at work; some reported clus
ters included birth defects. Since then, numerous reassuring 
papers have been published on this topic, along with a number 
of reviews.92 VDT use does not increase the risk o f adverse 
reproductive outcomes.

Lead
Twenty-five years of public health efforts have produced a strik
ing reduction in lead exposure in the United States. The average 
blood lead level has decreased to less than 20% of levels mea
sured in the 1970s. However, elevated blood lead (>20 |J.g/dL) 
has a higher incidence among immigrants to Southern Califor
nia. In Los Angeles, 25 of the 30 cases of elevated blood lead 
occurred in immigrants.

High lead concentration in maternal blood is associated with 
an increased risk of delivery of an SGA infant. The frequency 
of preterm birth was also almost three times higher among 
women who had umbilical cord levels greater than or equal to 
5.1 (J-g/dL, compared with those who had levels below that 
cutoff. One study in Norway found an increased risk of low 
birthweight and also NTDs.93

Lead poisoning was reported after a pregnant woman ingested 
Garbhpal ras, an Asian Indian health supplement that contained 
extremely high levels of lead.94

Asking pregnant women about risk factors for lead exposure 
can aid in assessing prenatal exposure risk. A questionnaire that 
gathered information on housing conditions, smoking status, 
and consumption of canned foods had a sensitivity of 89.2% 
and a negative predictive value of 96.4% .95 Consumption of 
calcium and avoidance of the use of lead-glazed ceramics resulted 
in lowering of blood lead, especially in pregnant women of low 
socioeconomic status in Mexico City.

Because the nervous system may be more susceptible to the 
toxic effects during the embryonic and fetal periods than at 
any other time of life, and because maternal and cord blood 
lead concentrations are directly correlated, lead concentra
tions in blood should not exceed 25 Hg/dL in women of 
reproductive age.96

Ideally, the maternal blood lead level should be less than 
10 JUg/dL to ensure that a child begins life with minimal lead 
exposure. A dose-response relationship is strongly supported 
by numerous epidemiologic studies o f children showing a 
reduction in IQ  with increasing blood lead concentrations 
above 10 (Ig/dL. O f note, these studies measured blood lead 
concentrations over time (often 2 years or more) and reported 
averaged values. Other neurologic impairments associated 
with increased blood lead concentrations include ADHD, 
hearing deficits, and learning disabilities; shorter stature has 
also been noted. Thus for public health purposes, childhood 
lead poisoning has been defined as a blood lead level of 10 |J,g/ 
dL or higher.

In occupational settings, federal standards mandate that 
women should not work in areas where air lead concentrations 
can reach 50 (Xg/cm because this can result in blood concen
trations above 25 to 30 (J.g/dL.97 Subtle but permanent neuro
logic impairment in children may occur at lower blood lead 
concentrations.

Mercury in Fish
Fish and shellfish are an important part of a healthy diet, but 
some large fish contain significant amounts of mercury. Mercury 
in high levels may harm an unborn baby or young child’s 
developing nervous system.98

ak
us

he
r-li

b.r
u



Chapter 8 Drugs and Environmental Agents in Pregnancy and Lactation: Teratology, Epidemiology 157

Pregnant women, those who may become pregnant, and 
nursing mothers should avoid shark, swordfish, king mack
erel, and tile fish because they contain high levels o f mercury.
Consumption of up to 12 oz a week of shrimp, canned light 
tuna, salmon, pollock, and catfish— all of which are very low in 
mercury—is considered safe. Albacore (white) tuna and tuna 
steaks have more mercury than canned light tuna, but 6 oz per 
week are allowed.

O B S T E T R IC IA N 'S  R O LE IN E V A L U A T IN G  
D R U G  A N D  R E P R O D U C T IV E  R IS K S  IN A N D  
B E Y O N D  T H E  W O R K P L A C E
Clinical questions about adverse reproductive outcomes of 
potential drug teratogens or environmental or occupational 
exposures are difficult to answer, and answers are seldom as clear 
cut as the obstetrician would like. Even if  the exposure were 
known, often no study of similar exposure with a sufficient 
sample size is available. W ithout this, a physician cannot give a 
reliable estimate of risk.

For drugs and other exposures discussed in this chapter, the 
threshold is unknown below which no adverse reproductive 
outcome can be expected. Except for ionizing radiation, maxi
mum recommended exposure levels are difficult to quantify. 
W hen available, epidemiologic studies often have limitations in 
design, execution, analysis, and interpretation. Thus the ques
tions must often be answered on the basis of reasoned judgments 
in the face of inadequate data.

In addition to traditional genetic referral sources, a variety 
of teratology information services and computer databases are 
available to physicians who counsel pregnant women (see Box
8-1). The options include personal computer software (e.g., 
Grateful Med) and CD-ROM copies in medical libraries or 
leased from commercial versions. Information is available from a 
TOXNET representative through the National Library of Medi
cine Specialized Information Services (http://sis.nlm.nih.gov/).

The National Library of Medicine (NLM) maintains several 
files on the TOXNET database system, including reproductive 
and developmental toxicology information in bibliographic or 
text form. Examples include Developmental and Reproductive 
Toxicology, GEN-TOX (genetic toxicology), LactMed, and the 
Environmental Mutagen Information Center. Other very useful 
sources are Reprotox (http://reprotox.org) and TERIS (depts. 
washington.edu/%7Eterisweb/teris/index.html). The book by 
Briggs and Freeman, Drugs in Pregnancy and Lactation, tenth 
edition (2014), is now available both in print and online. The 
online version is updated quarterly.

SUMMARY

M any medical conditions during pregnancy and lactation 
are best treated initially with nonpharmacologic remedies. 
Before a drug is administered in pregnancy, the indications 
should be clear and the risk/benefit ratio should justify 
drug use. If possible, therapy should be postponed until 
after the first trimester. In addition, patients should be 
cautioned about the risks of social drug use such as 
smoking, alcohol, and illicit drug use during pregnancy. 
Most drug therapy does not require cessation of lactation, 
because the amount excreted into breast m ilk is sufficiently 
small as to be pharmacologically insignificant.

KEY POINTS

♦ The critical period of organ development extends from 
day 31 to day 71 after the first day of the last menstrual 
period.

♦ Infants of epileptic women taking certain anticonvul
sants, such as valproic acid, have double the rate of 
malformations of unexposed infants; the risk of fetal 
hydantoin syndrome is less than 10%.

♦ The risk of malformations after in utero exposure to 
isotretinoin is 25%, and an additional 25% of infants 
have mental retardation.

♦ Heparin is the drug of choice for anticoagulation during 
pregnancy except for women with artificial heart valves, 
who should receive coumadin despite the 5% risk of 
warfarin embryopathy.

♦ Angiotensin-converting enzyme inhibitors and angio
tensin receptor blockers can cause fetal renal failure in 
the second and third trimesters, leading to oligohy
dramnios and hypoplastic lungs.

♦ Vitamin B6 25 mg three times a day is a safe and effec
tive therapy for first-trimester nausea and vomiting; 
doxylamine 12.5 mg three times a day is also effective 
in combination with B6.

♦ Most antibiotics are generally safe in pregnancy, although 
aminoglycosides are known to be ototoxic. Trime
thoprim may carry an increased risk in the first trimes
ter, and tetracyclines taken in the second and third 
trimesters may cause tooth discoloration in offspring.

♦ Aspirin in analgesic doses inhibits platelet function and 
prolongs bleeding time, increasing the risk of peripar- 
tum hemorrhage.

♦ Fetal alcohol syndrome occurs in infants of mothers who 
drink heavily during pregnancy. A safe level of alcohol 
intake during pregnancy has not been determined.

♦ Cocaine has been associated with increased risk of spon
taneous abortions, abruptio placentae, and congenital 
malformations, in particular, microcephaly

♦ Most drugs are safe during lactation because subthera- 
peutic amounts, approximately 1% to 2% of the mater
nal dose, appear in breast milk. Only short-term (<2 
days) use of codeine is safe during breastfeeding.

♦ Only a small amount of prednisone crosses the placenta, 
so it is the preferred corticosteroid for most illnesses. In 
contrast, betamethasone and dexamethasone readily 
cross the placenta and are preferred for acceleration of 
fetal lung maturity.

♦ Exposure to high-dose ionizing radiation during gesta
tion causes microcephaly and mental retardation; 
however, diagnostic exposures below 5 rads do not pose 
increased teratogenic risks.

♦ Lead levels in blood have decreased in recent years in 
all except immigrant populations, making it easier to 
achieve blood levels below 25 Hg/dL in women of 
reproductive age; this low level minimizes fetal growth 
restriction.

♦ Mercury in high levels deleteriously affects the fetal 
nervous system. For this reason pregnant and nursing 
women should avoid shark, swordfish, king mackerel, 
and tile fish; exposures to mercury can further be limited 
by restricting ingestion of certain other seafood (shrimp, 
canned tuna, salmon, pollock, catfish) to 12 oz/week.
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A bdom inal circum ference AC Femur length FL
Am erican College o f Obstetricians and ACOG Head circum ference HC

Gynecologists Human chorion ic  gonadotropin hCG
A m nio tic  flu id  index AFI Hertz; 1 cycle per second Hz
Am erican Institute o f U ltrasound in AIUM Intrauterine grow th  restriction IUGR
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OVERVIEW
Over the past several decades, the clinical use of ultrasound 
imaging in obstetrics has expanded remarkably. It is now con
sidered by many to be the most valuable diagnostic tool in the 
field. Ultrasound was first used clinically in pregnancy in the

early 1960s to measure the biparietal diameter (BPD)— the dis
tance between spikes on an oscilloscope screen. Since then, the 
technology has progressed to the point that even relatively inex
pensive ultrasound machines yield detailed real-time images of 
the fetus. This chapter addresses general aspects of ultrasound in 
pregnancy as well as the use of ultrasound to diagnose birth
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defects. More detailed discussions of other specific pregnancy 
problems that include ultrasound assessment— such as multiple 
gestation, third-trimester bleeding, and cervical insufficiency— 
are covered in other chapters.

BIOPHYSICS OF ULTRASOUND
The underlying basis o f ultrasound image production relies 
on the piezoelectric effect: when electrical impulses are 
applied to certain ceramic crystals, mechanical oscillations 
are induced. Conversely, induced vibrations of piezoelectric 
crystals generate a detectable electric current. In diagnostic ultra
sound applications, the ultrasound machine sends an electric 
signal of the desired frequency to piezoelectric crystals embed
ded in the ultrasound probe. W hen the probe is placed in 
contact with a patients skin, the skin and underlying tissues 
begin to vibrate, generating a sound or pressure wave. As this 
pulse of energy encounters an interface between materials of 
different impedance, a small amount of the energy is reflected 
as an echo. The pulses that return to the patient’s skin cause the 
crystals in the probe to vibrate, which generates an electric 
current that is passed back to the ultrasound machine. The 
pulses of energy emitted are very brief—about 1 (Isec. The 
number of pressure peaks produced in 1 sec is the frequency of 
the sound waves. Ultrasound machines used in obstetrics 
operate at frequencies between about 2 and 9 MHz. Sound 
frequencies above 20 KHz cannot be detected by the human 
ear, hence the term u ltrasound . Between each emitted sound 
pulse, the probe “listens” for an echo. Because o f this alternat
ing send-receive function, the piezoelectric crystal serves as 
both the transmitter and receiver o f the ultrasonic waves.

To produce an image, the ultrasound machine must sense 
the intensity and the time elapsed from the sending to the 
receipt o f the returning echoes. Highly reflective tissues, such 
as bone, generate relatively more intense echoes. The deeper 
an object lies, the longer it w ill take for the return echo to be 
registered. Because the velocity of sound in tissues is known, the 
return time can be used to calculate the distance of the object 
from the transducer. Intensity and depth characteristics are reg
istered in the machine’s computer memory, and this information 
is then used by the computer to activate pixels on the monitor 
with the appropriate location and intensity.

Modem ultrasound probes used in obstetrics have a curved 
face in which are embedded a row of crystals. The linear arrange
ment of the crystals on the probe allows the mechanical oscilla
tions generated by each crystal to be combined into to a 
wedge-shaped beam. A two-dimensional (2-D) image of the scan 
plane is then displayed with the curved shape of the probe face 
at the top of the screen. W ith endovaginal probes, the crystals 
are mounted on a smaller surface with a tighter curvature.

OPTIMIZING THE ULTRASOUND IMAGE 
Frequency
As noted above, ultrasound transducers are designed to operate 
at a certain frequency or over a range of frequencies. Lower- 
frequency sound waves penetrate tissues better but cannot 
achieve the same resolution as higher-frequency probes. However, 
if  too high a frequency for a certain patient is used, the lack of 
penetration severely degrades the images. Thus the highest fre
quency probe that allows adequate penetration should be 
used. This usually depends on the thickness o f the patients

abdominal wall. For obese patients, a lower-frequency probe 
must be chosen. The frequency used for most general purpose 
transabdominal obstetric probes is about 3 to 5 MHz. A
lower-frequency transducer (2 to 2.25) may be needed to provide 
adequate resolution in obese patients. When available, a higher- 
frequency probe that operates at 5 M Hz or above is useful in 
selected patients. Higher-end probes now operate at a range of 
frequencies, thus one transducer may operate at 2 to 5 MHz and 
another at 5 to 8 MHz. Because penetration o f the maternal 
abdominal wall is not an issue, transvaginal probes usually 
operate at a frequency o f 5 to 10 MHz. Most quality ultra
sound machines now have a feature called tissu e ha rm on ic 
im aging. W ith this modality, a standard frequency (e.g., 3 MHz) 
is transmitted and propagated in the usual manner. Because a 
relatively low-frequency wave is emitted, good penetration is 
preserved. However, in the receive part of the cycle, the ultra
sound machine listens for the reflection of the first harmonic 
wave (e.g., 6 MHz). This higher-frequency wave only has to 
travel one direction, thus some of the resolution benefit of high- 
frequency scanning is retained. This process also reduces noise 
in the image by removing various forms of artifact, making cystic 
structures appear free of echoes. Harmonic imaging often sig
nificantly improves image quality and should be used liberally 
when available.

Power
Ultrasound machines have the capability of delivering varying 
amounts of voltage to the transducer elements. Increasing the 
power output increases the amplitude of energy waves in the 
ultrasound beam and results in stronger returning echoes. This 
can improve the signal-to-noise ratio and can improve imaging 
capabilities. However, energy is required to create oscillations in 
the molecules of insonated tissues. Because this energy is 
absorbed into the tissues, delivering an unnecessarily high energy 
dose raises safety concerns. The safety of diagnostic ultrasound 
will be discussed later in this chapter.

Gain
Signals from the weak echoes returning to the transducer 
elements must be amplified before being used for display.
This amplification process is referred to as ga in . Because of 
attenuation, echoes returning from deeper within the body have 
a lower intensity, and the machine must boost the amplification 
from these echoes. This built-in processing feature is known as 
tim e-ga in  com pen sa tion  (TGC), meaning that echoes with 
a greater time delay automatically have greater amplification. 
The amount of amplification, or gain, can be controlled by the 
sonographer in two ways, with the gain control knob or the 
TGC controls. The gain control knob adjusts the overall gain 
up or down, so the brightness of the image can be changed to 
optimize visualization of anatomic details. When an image is too 
bright or too dark, much diagnostic information is lost (Fig.
9-1). Because tissue characteristics vary from patient to patient, 
penetration of sound waves at different depths may vary, so the 
gain at different depths may be adjusted. This is done using the 
TGC controls, a set of sliders on the instrument control panel 
(Figs. 9-2 and 9-3). A uniform scale across the brightness values 
should be sought.

Attenuation
Attenuation o f ultrasound waves is affected by the medium 
through which the sound waves pass. Virtually no pulses pass
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FIG 9-1 A , In this image the overall gain is too low, yielding a dark image. B, This image has too much gain. In both cases, diagnostic detail 
is lost.

FIG 9-2 A shows the slide bars that comprise the time-gain compensation controls. In this case, the fact they are lined up in the center indicates 
that no adjustment for different depths was needed (B)

through gas. This is why there must be a coupling agent (e.g., 
ultrasound gel) applied between the transducer face and the 
patient’s skin. For several reasons, ultrasound waves lose inten
sity as they pass through tissues. The pressure waves gradually 
diverge from the central beam and are scattered by reflection 
from small structures within the tissue, and part of the sound 
energy is absorbed within tissues. Some tissues, such as bone, 
strongly attenuate sound waves. The thicker the tissues through 
which sound waves must pass before arriving at the target, the 
more the attenuation and the greater the difficulty in retrieving

good information from the echoes. Because o f attenuation, 
obstetric ultrasound imaging is greatly affected i f  the patient 
is obese. In patients with a thick, dense abdominal wall, 
image quality is greatly reduced. In such patients, attention 
to equipment controls and scanning technique is essential.

Focus
A linear array transducer makes an ultrasound beam by firing a 
row of crystals placed along the surface of the probe. When 
adjacent crystals fire, the pressure waves reinforce one another
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FIG 9-3 Incorrect time-gain compensation settings (A). The slide bars are inappropriately shifted to the left in the near field, making the corre
sponding area of the image too dark (B).

FIG 9-4 Ultrasound image before zoom is applied. The area within the 
dotted lines should be expanded to fill the entire screen.

by a process called constructive interference. This phenomenon 
creates the central ultrasound beam that extends out from the 
probe. Electronic control of the timing and order that crystals 
are activated can work to focus this beam at the region of interest 
within the tissues. Image resolution is optimal when the struc
ture o f interest lies within this zone o f optimal focus, which 
can be adjusted by the sonographer.

Depth and Zoom
When scanning, the sonographer should strive to cone down the 
view to best demonstrate important structures without filling 
the screen with irrelevant material. The depth control can be 
used to simply crop extraneous structures at the bottom of the 
image. The zoom control is a little more sophisticated; it magni
fies a box within the image rather than just removing informa
tion from the bottom of the image (Figs. 9-4 and 9-5).

Proper depth and zoom are important for several reasons. 
Most importantly, limiting the size o f the scanned area allows

FIG 9-5 Appearance after zoom is applied. Compared with Figure 9-4, 
the cardiac structures are more easily seen. Additionally, because a 
smaller area was being scanned, the frame rate increased from 25 to 
58 frames per second.

a higher frame rate and resolution. Additionally, homing-in 
on the area o f interest draws attention to important detail 
within that scanned area.

SPECIAL ULTRASOUND MODALITIES 
M-Mode
For most obstetric applications, the familiar 2-D gray-scale real
time ultrasound is used. This is formally known as B-mode 
ultrasound. Another ultrasound modality that is available on 
most machines is referred to as M -mode ultrasound (“motion 
mode”). M-mode ultrasound shows changes along a single ultra
sound beam over time. The depth of the echo-producing struc
tures is shown on the y-axis, and time is shown on the x-axis. 
M-mode is useful for documenting the presence of fetal cardiac
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FIG 9-6 M-mode application in an 8-week fetus. The row of dots in the left panel indicates the line of information, in this case cardiac pulsations, 
being displayed over time in the right panel. M-mode is preferred to Doppler for documenting fetal viability before 10 weeks. Note the prominent 
brain vesicle in the fetal head, a normal finding.

FIG 9-7 M-mode ultrasound with the cursor through the heart valves. In any ultrasound exam, it is important to have a permanent record showing 
fetal viability. M-mode is convenient for this purpose and can be used to determine the fetal heart rate.

activity (Figs. 9-6 and 9-7), and M-mode is also sometimes 
used for specialized echocardiography applications.

Color and Pulse-Wave Doppler
Over the past 25 years, Doppler ultrasound imaging has assumed 
a key role in obstetrics. W ith this modality, the ultrasound 
machine detects shifts in the frequency of echoes returning 
from a specific location in the image. This frequency shift, the 
Doppler shift, is caused by motion o f the insonated material 
toward or away from the transducer. Doppler ultrasound is 
primarily used to demonstrate the presence, direction, and 
velocity o f blood flow. The machine displays moving blood as 
color superimposed on the 2-D gray-scale image. By convention,

flow toward the ultrasound transducer is displayed in red and 
flow away is displayed in blue. Pulse-wave Doppler continuously 
measures the relative velocity of flow within a designated gate 
inside a vessel. Flow velocity waveforms are used to calculate 
the systolic/diastolic (S/D) ratio, the pulsatility index, and 
the resistance index.

These indexes are primarily used to assess downstream 
resistance in the vessel being interrogated. In pregnancies with 
fetal growth restriction, the flow within the umbilical artery is 
used to assess placental function (Fig. 9-8). For some applica
tions, the absolute flow velocity is needed. For example, 
when screening for fetal anemia, the peak flow velocity in the 
fetal middle cerebral artery is measured, as this correlates
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FIG 9-8 Color and spectral Doppler evaluation of the umbilical artery. In the left panel, the coiling arteries and vein are shown. Red indicates 
flow toward the transducer and blue is flow away. The sample gate for the pulse Doppler is superimposed. On the right is the result of the 
pulse Doppler, depicting a normal flow velocity waveform.

FIG 9-9 Color and spectral Doppler interrogation of the middle cerebral 
artery. Abnormally high peak velocity is an indicator of moderate to 
severe fetal anemia. Because the actual velocity is being measured, 
the angle of insonation should line up with the vessel.

with the degree o f fetal anemia. To give meaningful results, it 
is absolutely essential that the angle of insonation (0) must be 
in line with the direction of blood flow (Fig. 9-9). Most ultra
sound machines are equipped with the technology to allow the 
sonologist to autocorrect the angle of insonation when the 
optimal angle cannot be obtained.

Three-Dimensional Ultrasound
High-performance computers have allowed the development 
of ultrasound machines and probes that can acquire, process, 
and display a three-dimensional (3-D) volume, as opposed 
to the single plane displayed with 2-D ultrasound. To obtain 
this volume, the transducer uses an internal mechanical sweep 
mechanism that summates contiguous 2-D planes. This volume

FIG 9-10 Three-dimensional image shows bilateral cleft lip. Images 
such as this can be helpful for counseling patients.

data can either be stored for analysis or updated and displayed 
on a continuous basis. Adding a real-time updating of a rendered 
image is commonly referred to as four-dim ensional ultrasound.

For diagnosing certain birth defects, 3-D ultrasound may 
be useful. Information from an acquired volume may be pro
cessed in such a way that the fetal surface is displayed in a lifelike 
manner. Surface abnormalities, such as facial clefts, can be well 
demonstrated with this approach (Fig. 9-10).1 In addition, 3-D 
images can be more readily understood by patients and other 
professionals who will participate in care of the baby.

Software available for use with 3-D ultrasound machines can 
manipulate stored volume data off-line to show any desired 
plane through the scanned area. Some of these planes may be 
difficult to obtain with standard 2-D imaging. Storage of a 
volume of data also allows retrospective generation of 2-D 
images from different planes than were originally recorded. This
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FIG 9-11 Transabdominal sagittal view of the uterus. The uterine 
fundus and cervix are labeled. By convention, the right side of the 
ultrasound screen corresponds to the inferior aspect of the patient.

could be a powerful tool for review of ultrasound exams. Another 
feature of 3-D ultrasound is its ability to calculate tissue and 
fluid volumes. For example, lung volume measurements have 
been used to predict pulmonary hypoplasia.2

Despite the demonstrated capabilities o f 3-D ultrasound, 
no proof exists o f an advantage o f this technology over stan
dard 2-D imaging for prenatal diagnosis. A  2009 American 
College o f Obstetricians and Gynecologists (ACOG) practice 
bulletin states that “three-dimensional ultrasonography may 
be helpful in diagnosis as an adjunct to, but not a replace
ment for, two dimensional ultrasonography.”3

SCANNING TECHNIQUE 
Orientation
The sonographer starts the exam by exposing the patient’s skin 
over the entire uterus and liberally applying warmed coupling 
gel. An appropriate probe is selected, and a preliminary survey 
of the entire uterine contents and adnexa is performed. Before 
going any further, it is a good idea to document fetal cardiac 
activity. Images are frozen and recorded liberally. Almost all 
machines have a cine loop feature in which a few seconds of 
sequential images are saved so that the sonographer can scroll 
backward if  the desired image was missed.

Every effort should be made to perform the scan with the 
sonographer and the patient in standard positions. In most 
settings, the ultrasound machine and the sonographer are on the 
patient’s right, with the sonographer comfortably seated facing 
the head of the patient. The probe is held in such a way that 
the image on the screen is properly oriented. By convention, 
the probe surface is shown at the top o f the screen. For sagit
tal views, the right o f the screen corresponds to the inferior 
aspect o f the patient (Fig. 9-11). For transverse views, the 
patient’s right is shown on the left o f the screen. W ith trans- 
vaginal ultrasound, transverse views also show the patient’s right 
side to the left of the screen. In transvaginal sagittal views, “up” 
is to the left of the screen (i.e., toward the bladder), and “down” 
(toward the sacrum) is to the right of the screen (Fig. 9-12). 
Ultrasound transducers have a notch or ridge that demarcates 
the side of the probe that w ill correspond to the left side of the 
monitor. Thus with transabdominal work, this mark would be

FIG 9-12 Transvaginal sagittal view showing proper orientation. The 
left of the screen is "up" on the patient, that is, toward the bladder 
(Bl). The probe tip (Pr), fetal head (FH), cervix (Cx), placenta (PI), and 
rectum (R) are labeled. Note how transvaginal ultrasound provides the 
ultimate "w indow," showing very clear views of structures close to 
the vaginal apex. Also note the presence of vasa previa.

toward the patient’s head for sagittal views and toward the 
patient’s right for transverse views. W ith transvaginal scanning, 
the mark is up for sagittal views and to the patient’s right for 
transverse views. Thus in going from sagittal to transverse, the 
probe is always rotated counterclockwise, and the clinician goes 
clockwise to move from transverse to sagittal.

If the sonographer sits or stands on the wrong side of the 
patient or holds the probe backward, standard orientation of the 
images is difficult to maintain. A “backward” image is clearly 
unacceptable for diagnostics and for documentation. Also, a 
casual approach to probe orientation will prevent the sonogra
pher from developing the hand-eye coordination needed to 
quickly and accurately steer the probe.

To establish the position o f the fetus, the orientation of 
the probe must obviously be correct. This is important not 
only when deciding whether the fetus is cephalic or breech but 
also when determining the right and left side of the fetus. For 
example, when the image shows the fetal spine to the right side 
of the uterus, the fetal left will be up in a cephalic presentation 
and down with a breech. The sonographer should not depend 
on the side of the stomach or axis of the heart to define the 
position of the fetus because these structures are not always in 
a normal position.

Angle of Insonation
There is often a best angle from which to view aspects of the 
intrauterine contents and fetal structures. For example, trans
verse views of the kidneys are best obtained from a directly 
anterior or posterior direction. W ith a lateral view, one kidney 
is shadowed by the spine (Fig. 9-13). Sliding the transducer 
across the mothers abdomen to change the angle of insonation 
by 90 degrees corrects this problem. Sometimes, significant pres
sure with the transducer is needed to get the probe into position 
for optimal visualization. If the fetal position precludes clear 
visualization of a structure, a good strategy is to move forward 
with the examination and come back to the troublesome area. 
The fetus w ill often have moved in such a way that adequate 
views can be obtained.
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FIG 9-13 A , Shadowing by the spine precludes visualization of the left kidney. B, By sliding the transducer to a different location on the maternal 
abdominal wall, a more favorable angle of insonation is possible. The spine (Sp), right kidney (RK), and left kidney (LK) are labeled.

FIG 9-14 A, Scan through the pannus of the abdominal wall. B, By moving the probe into the relatively thinner area near the maternal umbilicus, 
the resolution improved dramatically. A similar result can be obtained when scanning below the pannus in the suprapubic area. Of course, when 
an object of interest is in the maternal pelvis, transvaginal ultrasound provides an even better window (see Fig. 9-12). This fetus has truncus 
arteriosus (Tr).

Using Natural Windows
As previously noted, increasing the power of ultrasound impulses 
can overcome some of the effects of attenuation in maternal 
tissues. Although it is tempting to use higher-power settings 
for obese patients, other methods should be attempted first. As 
a starting point, the proper probe frequency and gain setting 
should be used. Even more effective, however, is to avoid

attenuation altogether by scanning though one o f the natural 
“windows” in the maternal abdominal wall. The abdominal 
wall thickness in obese women is substantially less near the 
umbilicus (Fig. 9-14) and in the suprapubic area. To a lesser 
extent, thickness is also decreased lateral to the central 
pannus. Using these windows can often improve the quality of 
images dramatically. O f course, in early pregnancy or when
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structures of interest are low in the pelvis, the problem of attenu
ation is reduced considerably by the use of an endovaginal probe 
(see Fig. 9-12). The reduction of attenuation with transvaginal 
ultrasound allows the use of a higher-frequency probe, which 
usually results in excellent resolution. Another natural window 
is amniotic fluid, and scanning through amniotic fluid 
improves the image quality below or deep to the amniotic 
fluid. This is especially true for imaging the surface of the fetus. 
A full bladder provides a window to structures low in the mater
nal pelvis. However, scanning with a full maternal bladder has 
significant disadvantages; not only is it uncomfortable for the 
patient, it also artificially elongates the cervix and may distort 
the apparent relationship of the cervix and placenta. Fortunately, 
this is no longer necessary because transvaginal ultrasound can 
provide superior views to structures in the maternal pelvis.

FIRST-TRIMESTER ULTRASOUND
Transvaginal ultrasound is almost always superior to trans
abdominal ultrasound for evaluation very early in pregnancy.
Because the distance between the probe and pregnancy struc
tures is often just a few centimeters, attenuation of sound waves 
is minimal, and high-frequency probes may be used. As previ
ously noted, this allows better resolution of detail. Although an 
acceptable first-trimester scan can usually be completed transab- 
dominally, it is often helpful to use transvaginal ultrasound as a 
supplement to or replacement for transabdominal ultrasound. 
In general, structures are visible one week earlier with trans
vaginal ultrasound. At about 10 to 12 weeks’ gestation, the 
uterus has grown enough— and the fetus is far enough away 
from the transducer—that advantages o f transvaginal scan
ning are lost. Even if a structure of interest is low in the uterus, 
lack of maneuverability of the probe tip may make it difficult 
or impossible to obtain images through the desired fetal plane. 
Because of this limitation and the need for a precise midsagittal 
plane, measurement of the fetal nuchal translucency as part 
of the first-trimester aneuploidy screen is almost always done 
transabdominally.

Transvaginal ultrasound is well accepted by most patients and 
can be accomplished with minimal discomfort. In some clinics, 
women are given the option of inserting the probe themselves.

First-Trimester Normal Findings
Both ACOG and the American Institute of Ultrasound Medi
cine (AIUM) have defined the essential components of a first- 
trimester scan. Knowledge of the time at which embryonic 
structures normally appear is important for identifying patho
logic pregnancies. For the reasons noted earlier, it w ill be assumed 
that transvaginal ultrasound is being used for this discussion.

The gestational sac can usually be seen at 4 weeks, the yolk 
sac at 5 weeks (Fig. 9-15), and the fetal pole with cardiac activity 
by 6 weeks. Cardiac activity can be seen simultaneously with the 
appearance of a fetal pole as a pulsation at the lateral aspect of 
the yolk sac. Because pulse or color Doppler carry higher 
energy, which theoretically could be harmful during embryo
genesis (before 10 menstrual weeks),4 M-mode ultrasound is 
used to document cardiac activity during this time (see Fig. 
9-6). Starting at 7 weeks, the embryo has grown to the point 
that recognizable features, such as a cephalic pole, can be seen. 
As shown in Figure 9-6, a prominent midline brain vesicle can 
be seen at this time. The cerebral falx is visible at 9 weeks, 
and the appearance and disappearance o f physiologic gut

FIG 9-15 This image shows a normal 7-week gestational sac with the 
yolk sac (YS) and adjacent fetal pole (FP). Calipers show the measure
ment to establish the gestational age. CRL, crown-rump length.

FIG 9-16 Nine-week fetus showing the physiologic gut herniation 
(curved arrow}. Note also how the amnion (straight arrow) has not yet 
fused to the chorion at the uterine wall.

herniation are noted between 8 and 11 weeks (Fig. 9-16). In 
the course o f this physiologic process, the bowel is seen to 
lie within the umbilical cord and does not float freely. Obvi
ously, the diagnosis o f an abdominal wall defect should be 
made with caution at this age. The stomach can consistently 
be seen by 11 weeks. If conditions are favorable, it is often pos
sible to also visualize the bladder and kidneys at 11 weeks. At 
about 12 weeks, using color Doppler, the two umbilical arteries 
can often be identified as they course around the bladder. The 
fetal heart rate is initially quite slow, averaging 110 beats/min at
6 weeks,5 then it increases steadily to a mean peak of 157 beats/ 
min at 8 weeks. W hen the fetal position is favorable, transvaginal 
ultrasound has the potential for giving good views of the fetal 
cardiac anatomy in most patients at 13 weeks.6 Until 13 to 16 
weeks’ gestation, the amnion has not fused to the chorion and 
is seen as a separate membrane (see Fig. 9-16). Until 12 weeks, 
the crown-rump length (CRL) should be measured for ges
tational age determination. Care should be taken to measure
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FIG 9-17 A , Image of the fetus is cut obliquely, and the crown-rump length is inappropriately short. It is measured correctly in B. The difference 
in the calculated gestational age from these two measurements was 5 days. The normal brain vesicle (asterisk) is noted.

the full length o f the fetus. The gestational age can be signifi
cantly underestimated if  an oblique plane is used (Fig. 9-17).

First-Trimester Abnormal Findings
Spontaneous abortion occurs in 15%  o f clinically established 
pregnancies. When cardiac activity has been demonstrated, 
the miscarriage rate is reduced to 2% to 3% in asymptomatic 
low-risk women. It is important to note, however, that in some 
groups at high risk for miscarriage— such as women over the age 
of 35 years who are undergoing infertility treatments— early 
visualization of cardiac activity does not provide quite as much 
reassurance. In one study that involved such women, the miscar
riage rate in asymptomatic women was still 16% after a heart
beat was documented.s In younger women who present with 
bleeding, only 5% miscarry i f  the ultrasound is normal and 
shows a live embryo.1 If an intrauterine clot is present (Fig. 
9-18), coexistent with an otherwise normal-appearing preg
nancy, the miscarriage rate is 15%.9

In the majority of pregnancies destined to abort, the embryo 
does not develop, and ultrasound shows an empty gestational 
sac (Fig. 9-19). Such a pregnancy is termed an anembryonicgesta
tion. When a failed pregnancy is suspected based on clinical or 
sonographic grounds, patients and clinicians alike are anxious 
to determine viability as soon as possible. However, the potential 
for great harm is obvious if  a pregnancy is incorrectly deemed 
to be a failed pregnancy, and a desired pregnancy is interrupted. 
There have been cases in which a premature diagnosis of a failed 
pregnancy was made, medical evacuation of the uterus was 
unsuccessfully attempted, and the fetus was subsequently found 
to be viable. Because no significant medical risk attends waiting 
for certainty when a failed pregnancy is suspected, a cautious 
approach is always advisable. Criteria for deciding that a preg
nancy o f uncertain viability is in fact a failed pregnancy

FIG 9-18 This patient presented with vaginal bleeding. A subchorionic 
clot (Cl) was present in the lower uterine segment. This patient carried 
the pregnancy successfully. The fetus (Fe) and placenta (PI) are 
shown.

should be set to virtually eliminate the possibility o f a false- 
positive diagnosis. A multispecialty panel from the Society 
of Radiologists in Ultrasound panel recommended criteria to 
achieve this end.10 These include (1) the presence o f a fetus 
with a CRL o f more than 7 mm and no heartbeat, (2) the 
absence o f an embryo when the mean sac diameter is greater 
than 25 mm, (3) the absence o f an embryo with a heartbeat 
more than 2 weeks after a scan showed a gestational sac 
without a yolk sac, and (4) the absence o f an embryo with a 
heartbeat more than 11 days after a gestational sac with a
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FIG 9-19 Irregular gestational sac from an anembryonic gestation.

FIG 9-20 Compared with Figure 9-15, the yolk sac in this image is rela
tively large for the gestational age. An embryo was never seen with 
this pregnancy.

yolk sac was seen. Similar but less stringent criteria that are 
suspicious for a pregnancy failure are described in the same 
report. Other signs that indicate a possible failed pregnancy 
include an enlarged yolk sac (>7 mm; Fig. 9-20) or less than 
5 mm difference between gestational sac diameter and the CRL 
of the embryo. If there are borderline findings and uterine 
evacuation is being considered, it is prudent to repeat the 
ultrasound in 7 to 10 days to be absolutely sure that a viable 
pregnancy is not interrupted.10 Although a quantitative human 
chorionic gonadotropin (hCG) value that does not show an 
appropriate rise may indicate an abnormal pregnancy, a decision 
to medically or surgically evacuate an intrauterine failed preg
nancy should be based on abnormal ultrasound findings.

First-trimester ultrasound findings predictive o f a chromo
some abnormality include a thick nuchal translucency, 
absent nasal bone, abnormally fast or slow fetal heart rate, 
and some structural malformations.11 The first-trimester aneu- 
ploidy screen will be discussed in detail in Chapter 10.

BOX 9-1 SUGGESTED COMPONENTS OF THE STANDARD 
OBSTETRIC ULTRASOUND PERFORMED IN THE SECOND 
AND THIRD TRIMESTERS
• Standard biometry
• Fetal cardiac activity (present or absent, normal or 

abnormal)
• Number of fetuses (if multiples, document chorionicity, 

amnionicity, comparison of fetal sizes, estimation of 
amniotic fluid normality in each sac, and fetal genitalia)

• Presentation
• Qualitative or semiquantitative estimate of amniotic fluid 

volume
• Placental location, especially its relationship to the 

internal os, and placental cord insertion site
• Evaluation of the uterus that includes fibroids, adnexal 

structures, and the cervix
• Cervix when clinically appropriate and technically 

feasible
• Anatomic survey to include:

Head and neck
• Cerebellum
• Choroid plexus
• Cisterna magna
• Lateral cerebral ventricles
• Midline falx
• Cavum septum pellucidum
• Fetal lip
• Nuchal skin fold may be helpful for aneuploidy risk 

Chest
• Four-chamber view of the heart
• Outflow tracts (if possible)

Abdomen
• Stomach (presence, size, and situs)
• Kidneys
• Bladder
• Umbilical cord insertion into the abdomen
• Number of umbilical cord vessels 

Spine
Extremities (presence or absence of legs and arms) 
Gender

Data from  American College of Obstetricians and Gynecologists. ACOG 
Practice Bulletin No. 101: ultrasonography in pregnancy. O bste t Gynecol. 
2009; 113:451-461; American Institute o f U ltrasound in Medicine (AIUM). 
AIUM practice guidelines for the performance o f an antepartum obstetric 
ultrasound examination. J  U ltraso u n d  M ed. 2003;22:1116-1125; and 
Reddy UM, Abuhamad AZ, Levine D. Saade GR. Fetal imaging: executive 
sum mary o f a jo in t Eunice Kennedy Shriver National Institute o f Child 
Health and Human Development, Society for Maternal-Fetal Medicine, 
American Institute o f U ltrasound in Medicine, American College of Obste
tricians and Gynecologists, American College of Radiology, Society for 
Pediatric Radiology, and Society o f Radiologists in U ltrasound Fetal 
Imaging Workshop. O bste t Gynecol. 2014;123:1070-1082.

SECOND- AND THIRD-TRIMESTER 
ULTRASOUND 
Types of Examinations
The AIUM, in conjunction with ACOG and the American 
College of Radiology (ACR), have defined a set of criteria for 
standard obstetric ultrasound examinations performed in the 
second and third trimesters.’ 12 Components o f a standard 
obstetric examination are shown in Box 9-1. A complete 
description of the AIUM and ACOG guidelines can be found 
in the listed references.

These guidelines recognize that not all ultrasound examina
tions have the same purpose. For this reason, types of fetal
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sonographic evaluations have been defined. Components of the 
first-trimester ultrasound examination were described previously. 
A standa rd  second- or third-trimester examination (current 
procedural terminology [CPT] code 76805), as defined in Box 
9-1, can be performed by any appropriately qualified sonogra
pher. It is recognized that certain scans, termed sp ecia liz ed  
examinations (CPT code 76811), are more complex than the 
complete standard examinations performed in the course of 
routine pregnancy care. This designation and billing code are 
intended to be used for referral practices with special exper
tise in the identification o f and counseling on fetal anoma
lies. Other specialized examinations may include fetal Doppler 
ultrasonography and fetal echocardiography.3 Follow-up exami
nations are needed for many obstetric conditions; these are 
termed r ep ea t  examinations (CPT 76816).

Another examination category is the l im ited  examination 
(CPT 76815). Limited ultrasound examinations, also per
formed by a trained sonographer, are used to obtain a specific 
piece o f information about the pregnancy. Examples of this 
type of examination include the determination of fetal lie or 
assessment of amniotic fluid volume. The importance o f restrict
ing limited examinations to those cases in which a complete 
examination has previously been performed should be self- 
evident. Consider the consequence if  a brief ultrasound is done 
and critically important information is missed, such as a serious 
malformation in the fetus. Unfortunately, it is all too common 
for practitioners to perform limited examinations in a manner 
inconsistent with good medical practice. For example, in some 
clinics, practitioners perform an ultrasound at the first prenatal 
visit to document viability but do not measure the fetus or record 
the results of the examination. Such a practice can create prob
lems later in pregnancy when the gestational age is in doubt.

All the aspects o f the standard obstetric examination listed 
in Box 9-1 are important for clinical management and should 
not be neglected. It is clearly unacceptable for an ultrasound 
exam to miss such conditions as placenta previa, multiple 
gestation, or an ovarian tumor. The diagnosis and manage
ment of these and other conditions are discussed in detail else
where in this book, but a brief description of the importance of 
the components of the standard ultrasound examination will be 
given here.

Qualifications for Performing and Interpreting 
Diagnostic Ultrasound Examinations
Most ultrasound exams in the United States are performed by 
professionals who are credentialed by the American Registry of 
Diagnostic Medical Sonography (ARDMS). Individuals with 
these credentials have had extensive education and testing to 
ensure their competency. A physician then generates a report 
based on the images and information obtained by the sonogra
pher. W hen appropriate, the physician may personally perform 
or repeat parts of the exam. The AIUM has published guide
lines on the training and experience needed for physicians to 
perform or interpret ultrasound examinations.13 In brief, these 
guidelines recommend that licensed physicians have completed 
an equivalent of 3 months training dedicated to ultrasound in 
the context of an approved residency, fellowship, or other post
graduate training. In the absence of a formal training program, 
physicians can qualify through having 100 American Medical 
Association (AMA) category I credits dedicated to diagnostic 
ultrasound. In addition to participation in either a formal train
ing program or by taking postgraduate courses, physicians should

have been involved with the performance, evaluation, and inter
pretation of at least 300 appropriately supervised sonograms. The 
full text of the guidelines is in the referenced document.

COMPONENTS OF THE EXAMINATION 
Cardiac Activity
Obviously, the presence or absence of cardiac activity should be 
documented. As noted previously, after about 6 weeks’ gesta
tion, the diagnosis of fetal life is rarely difficult. Even though 
fetal death may be obvious with B-mode imaging, confirming 
the absence o f a heartbeat with color or pulse-wave Doppler 
is recommended. Absence of color signal in the fetal chest, 
contrasted with the demonstration of flow in the surrounding 
uterine tissues, can increase the confidence that fetal death has 
indeed occurred. Throughout pregnancy, an abnormally fast, 
slow, or irregular heartbeat can be detected by visual inspec
tion with gray-scale ultrasonography. The abnormal rate can 
be quantified and documented with M-mode or pulse-wave 
Doppler ultrasound.

Number of Fetuses
When a multiple pregnancy is diagnosed, the number of 
amnions and chorions should always be determined (see 
Chapter 32). Determination o f chorionicity is most easily 
accomplished in early pregnancy. The presence o f unlike sex 
twins, separate placentae, or a thick membrane dividing the 
sacs with a twin peak or “lambda sign” all indicate the pres
ence o f two chorions (see Fig. 9-3). It is well-recognized that 
the level o f fetal risk is much higher when fetuses share cho
rions, and the risk is extremely high if  there is a single amnion.14 
Monochorionic pregnancies require early referral for a special
ized ultrasound. In all twin pregnancies, periodic ultrasound 
examinations should be performed to assess fetal growth. 
Twins are at significantly increased risk for growth abnormali
ties, and it is not possible to assess the growth of the twins 
individually by abdominal palpation.

Presentation
The assessment of presentation is not merely a matter of deter
m ining whether the fetus is head down or breech. A more precise 
ultrasound analysis of presentation is important in certain cir
cumstances. If a transverse lie is diagnosed, it is important to 
diagnose whether the fetus is back down (i.e., back toward the 
cervix) because this may require a vertical incision for cesarean 
delivery. If the patient has preterm labor or ruptured mem
branes, a back-up transverse lie indicates a high risk for cord 
prolapse. The attitude of the fetal head, especially a face presen
tation, can be important in assessing progress in labor. In cases 
of marked caput or molding in late labor, it is often difficult to 
determine the position of the fetal head by palpation of the 
cranial sutures. Under these circumstances, ultrasound can be 
used to readily identify fetal cranial landmarks to clarify the 
position of the fetal head.15

Amniotic Fluid Volume
Every ultrasound examination should include an assessment of 
the amniotic fluid volume (see Chapter 35). It is acceptable for 
an experienced examiner to make this determination subjec
tively.12 However, to aid in communication and to provide cri
teria for management protocols, semiquantitative methods have 
been devised. A popular method is the amniotic fluid index
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FIG 9-21 These sonographic images show the deepest vertical pocket in each of the four quadrants of the uterus. The sum of the measurements 
of these pockets is the amniotic fluid index.

FIG 9-22 An ultrasound image showing polyhydramnios. The distance 
between the anterior and posterior uterine walls was 9 cm.

(AFI), the sum o f the measurements o f the deepest vertical 
pocket o f fluid in each o f the uterine quadrants (Fig. 9-21). 
The limits of the quadrants are the maternal midline and a hori
zontal line through the maternal umbilicus. Each pocket should 
measure at least 1 cm in w idth .16 The line between the calipers 
should not cross through loops o f cord or fetal parts.

Polyhydramnios and oligohydramnios can be defined either 
by an AFI outside o f a fixed range, usually defined as greater 
than 24 cm or less than 5 cm, respectively.1 A  simpler semi- 
quantitative method is to diagnose polyhydramnios when the 
single deepest pool measures greater than 8 cm (Fig. 9-22)18 
and oligohydramnios when the shallowest pool measures less 
than 2 cm in two dimensions.11’

The actual volume of amniotic fluid can be determined by 
dye-dilution techniques performed at the time of amniocentesis. 
The semiquantitative ultrasound methods described previously 
correlate somewhat with actual fluid volume, but their accuracy 
for predicting abnormal fluid volume is lim ited.18

Oligohydramnios
The complete absence of amniotic fluid before labor can indicate 
fetal malformations, rupture of the membranes, or placental 
insufficiency. A deficit o f amniotic fluid that occurs before 
the mid second trimester can result in the oligohydramnios 
sequence, which includes pulmonary hypoplasia, fetal defor
mations, and flexion contractures o f the extremities. The 
outcome with anhydramnios depends on the cause and the 
gestational age at which it is first present. Fetal malformations 
that cause absence of fluid usually involve the urinary tract. 
These may include complete bladder outlet obstruction or bilat
eral renal anomalies in which no urine is produced. Examples 
include bilateral renal agenesis, bilateral multicystic dysplastic
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kidneys, or autosomal-recessive polycystic kidney disease. The 
development o f lethal pulmonary hypoplasia when the cause 
of mid second trimester oligohydramnios is other than a 
urinary tract malformation is not as predictable.

For many years, it has been recognized that less extreme 
alterations of amniotic fluid volume can be important. Cham
berlain and associates' ’ found that with less than a 1-cm 
pocket o f fluid, perinatal mortality increased fortyfold. The 
incidence o f intrauterine growth restriction (IUGR) was also 
much higher when this degree o f oligohydramnios was 
found. These findings and those of other investigators led to the 
recognition that oligohydramnios can be an important sign of 
placental insufficiency, and amniotic fluid volume assessment 
became part of the biophysical profile (see Chapter 11). Because 
of the association between oligohydramnios and fetal compro
mise, it became common practice to deliver the baby when the 
AFI was less than 5. More recently, it has been shown that iso
lated ultrasound-diagnosed oligohydramnios is not as predictive 
of perinatal outcome as was previously thought.20 In 2014, 
ACOG recommended using a deepest vertical pocket o f 2 cm 
or less as the definition o f oligohydramnios by which clinical 
management decisions should be made. This method is 
simpler than the AFI, and more importandy, it has been 
shown to reduce the rate o f obstetric interventions for oligo
hydramnios with no difference in perinatal outcomes com
pared with using an AFI o f less than 5.21

Polyhydramnios
Polyhydramnios has been classified as m ild  if  the AFI is more 
than 24 cm, or the deepest pocket is more than 8 cm; it is 
considered moderate with an AFI greater than 30 cm, or when 
the deepest pocket is more than 12 cm; and it is severe when the 
AFI is greater than 35 cm or the deepest pocket is more than 
16 cm.22 Severe polyhydramnios may be indicative of a fetal 
problem and requires specialized ultrasound to determine the 
etiology. It is often caused by malformations that can greatly 
affect neonatal management or prognosis. For many of these 
conditions, the excess amniotic fluid is a result of poor fetal 
swallowing because of neurologic abnormalities, genetic syn
dromes, or gastrointestinal (GI) malformations. The chance 
of a malformation or genetic syndrome being present with 
mild, moderate, or severe polyhydramnios is approximately 
8%, 12% , and 30% , respectively.2. The chance o f a fetus 
with polyhydramnios having aneuploidy is 10%  when other 
anomalies are present. Other serious causes of severe polyhy
dramnios include twin-to-twin transfusion syndrome and fetal 
hydrops. An association has been found between polyhydram
nios and fetal macrosomia, and maternal diabetes mellitus is 
present in about 5% of cases.23 M ild polyhydramnios may 
simply be a variant of normal, and it often resolves spontane
ously. W ith polyhydramnios, an increase in preterm birth is 
observed when the patient has diabetes (22%) or the fetus 
has anomalies (39%) but not when it is idiopathic.24 No 
studies have researched whether antepartum testing is helpful, 
although polyhydramnios is listed as an indication for antepar
tum testing in an ACOG technical bulletin.21 W hen polyhy
dramnios persists, follow-up ultrasound exams are appropriate 
to assess fetal growth and amniotic fluid volume.

Placenta and Umbilical Cord
One o f the principal advantages o f routine ultrasound is that 
serious problems o f placentadon— such as placenta previa,

FIG 9-23 Sagittal transabdominal view of the lower uterus and cervix. 
The relationship between the edge of the placenta and cervix is 
unclear, and placenta previa cannot be accurately diagnosed.

'
. <

FIG 9-24 Sagittal transvaginal view of the same patient. Marginal pla
centa is clearly visible, and the edge of the placenta (Plac edge) 
extends 1.5 cm over the internal os (Int cx os). Calipers are not 
shown.

placenta accreta, and vasa previa— can be diagnosed in a 
timely manner (see Chapter 18). At the time o f the routine 
screening ultrasound (beyond 18 weeks), it should be deter
mined whether the placenta covers the internal cervical os. 
If the placenta and the cervix are not seen clearly, or i f  it 
appears that the edge o f the placenta is close to the cervix, 
vaginal ultrasound should be used liberally to clarify this 
relationship (Figs. 9-23 and 9-24).25

The terms complete and partia l placenta previa  originated 
from a time when the relationship of the placenta to the par
tially dilated cervix was determined by digital examination. 
Because the internal cervical os is not typically dilated at the 
time of ultrasound, these definitions are confusing and often 
uninformative. For this reason, a joint statement by the major 
ultrasound and obstetric societies in the United States16 and a 
policy statement by the Society o f Obstetricians and Gynaecolo
gists of Canada26 recommended a classification that retains only 
the terms placenta previa  and low-lying placenta. The distance
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174 Section II Prenatal Care

FIG 9-25 Sagittal transvaginai image showing vasa previa. An umbilical 
vessel (UV) passes over the internal os of the cervix (Cx). In this case, 
a veiamentous cord insertion was evident, and this vessel passed 
over the cervix running from the cord insertion to the placenta.

that the edge o f the placenta covers or ends short o f the 
internal cervical os should be measured and reported. This 
quantitative description is much more helpful than a report of 
“complete” or “partial” previa for predicting the future placental 
position and in planning management. For pregnancies greater 
than 16 weeks, if the placental edge ends 2 cm or more from 
the cervix, the placental location should be reported as 
normal. If the placental edge is less than 2 cm from the 
internal os but not covering the internal os, the placenta 
should be labeled as low lying, and follow-up ultrasonogra
phy is recommended at 32 weeks’ gestation.11'

Between 18 and 23 weeks’ gestation, the edge of the placenta 
extends to or covers the internal os of the cervix in about 2% of 
patients.2 However, most cases of placenta previa diagnosed 
early in pregnancy resolve as pregnancy progresses. The rate of 
persistence of placenta previa depends on the degree of overlap. 
When the degree of overlap is 15 mm or greater, 19% persist as 
placenta previa, whereas if the overlap is 25 mm or greater, 40% 
remain.2’ Another study found that when placenta previa is 
present at 15 to 19 weeks, only 12% persist.28 The rate o f per
sistence gradually increases as the gestational age advances, 
up to 73%  if  placenta previa is present at 32 to 35 weeks. 
This study also showed that the degree of overlap was helpful in 
predicting persistence. These results suggest that repeated ultra
sound examinations should be performed until the placenta 
moves well away from the cervix or until it becomes clear 
that the previa will persist. If the placenta previa persists, 
ultrasound can be very valuable in planning delivery.

The diagnosis o f vasa previa is critical because the recogni
tion o f this finding at the time o f a screening ultrasound 
greatly affects the chance o f fetal survival.29 The fetal mortal
ity rate is high when vasa previa is not diagnosed before 
labor. Conversely, early diagnosis and aggressive obstetric man
agement of patients with vasa previa almost always results in a 
live baby born in good condition. The fetal vessels that cover the 
cervix may not be readily apparent with a routine transabdomi
nal screening examination; therefore a high index of suspicion 
should be maintained. Transvaginai color Doppler ultrasound 
should be strongly considered in any case of veiamentous cord 
insertion, a succenturiate lobe, or when portions of umbilical

cord are noted to be low in the uterus (Fig. 9-25). The sonog- 
rapher should also be aware that when placenta previa “resolves,” 
branches of the umbilical vessels on the chorionic plate may still 
course over the cervix as placental villi degenerate beneath them, 
resulting in vasa previa. Identifying the cord insertion onto the 
placenta eliminates the possibility of veiamentous cord insertion, 
but it does not exclude vasa previa from the other placentation 
abnormalities. Documentation o f the cord insertion onto the 
placenta is good practice, and it is recommended when tech
nically possible.16

In addition to determining the placenta’s location, its appear
ance should be assessed. M any changes observed in the placenta 
are related to calcification, fibrosis, and infarction. The general 
trend is for these changes to become more apparent as pregnancy 
progresses, but their clinical significance is unclear. It has recently 
been recognized that a “globular” placenta, with a narrow base 
compared with height, is associated with an increased rate of 
IUGR, fetal death, and other complications.30

The sonographer should confirm that there are two arteries 
and a vein in the umbilical cord.16 In late pregnancy, this can be 
ascertained by looking at a transverse cut of the cord in a free 
loop. In the second trimester, two umbilical arteries are most 
easily confirmed by identifying the vessels with color Doppler 
as they course around the fetal bladder (Fig. 9-26). A single 
umbilical artery is present in about 0.5%  o f all newborns. 
Because o f the increased incidence o f associated malforma
tions, especially those that involve the kidneys and heart, this 
finding should prompt a detailed fetal survey. Fetuses with a 
single umbilical artery have a 20% chance of growth restriction. 
Additionally, the rate of polyhydramnios, abruption, placenta 
previa, structural placental abnormalities, cesarean delivery, low 
Apgar scores, and fetal death are all increased.31

Uterus and Adnexa
W ith any obstetric ultrasound, including those performed in the 
first trimester, the adnexal and uterine morphology should be 
evaluated. M any women enter pregnancy without being aware 
that they have fibroids or a miillerian malformation. Fibroids 
are usually readily apparent with transvaginai or transabdominal 
ultrasound. A common pitfall is to confuse uterine contrac
tions, which are commonly present in the second trimester, 
with fibroids (Fig. 9-27). Contractions have a more lenticular 
shape and blend with the surrounding myometrium, whereas 
fibroids usually are spherical with distinct borders and a 
whorled internal echo texture. Pedunculated fibroids, even 
large ones, can be missed if  the sonographer does not examine 
areas around the periphery of the uterus. Most studies have 
shown a higher rate of pregnancy complications when fibroids 
are present. However, the odds ratios are typically modest and 
of limited clinical importance.32 It is difficult to predict how 
fibroids will affect an individual patient’s pregnancy because the 
number, size, and location can vary markedly. Ultrasound 
mapping o f fibroids can help in making a delivery plan. 
Although large fibroids that fill the pelvis may preclude vaginal 
birth, it is usually prudent to not predict early in the pregnancy 
the need for cesarean delivery. Fibroids can rise out of the pelvis, 
leaving a relatively clear lower uterine segment. Because mul
tiple fibroids in the lower uterus can greatly complicate the 
performance o f a low transverse cesarean delivery, ultrasound 
may help predict the need for a classical incision. Studies with 
serial ultrasound exams have had conflicting results in regard to 
the growth of fibroids during pregnancy.33,34
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FIG 9-26 A , Umbilical vein (UV) and a single umbilical artery (UA) are shown in a transverse section of a free loop of cord. B, A transverse view 
of the fetal pelvis, using color Doppler, clearly shows the normal paired umbilical arteries coursing around the bladder (Bl). It is often easier to 
document the umbilical arteries in early pregnancy with this color Doppler method.

FIG 9-27 A, Two fibroids are shown that are round and well circumscribed. B, Uterine contraction is lenticular in shape and does not have a clear 
border. Contractions such as this are very common in the second trimester.

Cervix
It has been clearly documented that a short cervix, as measured 
with transvaginal ultrasound, is associated with an increased risk 
of preterm birth in both high- and low-risk patients (see Chap
ters 28 and 29). Intervention with a cervical cerclage has been 
shown to improve outcome in patients with a prior spontaneous 
preterm birth who have a short cervix in a subsequent preg
nancy." Treatment o f low-risk women who have a short 
cervix with vaginal progesterone has also been shown to be 
reduce the rate o f preterm birth.36 However, the value o f 
universal screening is unproven, and ACOG currently does

not recommend this practice.3 The lower lim it of normal for 
cervical length in the mid second trimester is 25 mm. When 
the routine 18- to 20-week transabdominal ultrasound shows 
a length less than this, referral for a specialized exam is 
appropriate.

Adnexa
It is important for a complete obstetric ultrasound to include 
an assessment o f the adnexa. Normal-sized ovaries may be dif
ficult or impossible to see in the second or third trimester 
because of shielding by bowel. In a study of sonographic
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FIG 9-28 Transabdominal and transvaginal images of an ovarian dermoid. A, An 8-week pregnancy with the uterus (Ut) demarcated in the trans
abdominal image. B, Using transvaginal ultrasound, the mass fills the entire field of view. Characteristic irregular mixed solid and cystic areas 
with highly echogenic nodules (arrows) are seen within the dermoid. To see the pelvic structures clearly with transabdominal ultrasound, the 
maternal bladder (Bl) must be very full. Although this provides a good window, the structures of interest are pushed away from the probe, 
which limits resolution. In contrast, the probe is less than 1 cm from the mass when vaginal ultrasound is used.

visualization of normal ovaries, Shalev and coworkers37 found 
that although both ovaries were visible in almost all first-trimester 
scans, both ovaries were visible in only 16% of second- and 
third-trimester scans, and in 60% of these, neither ovary was 
seen. However, in most cases when a significant tumor is present, 
it will be visible. The sonographic appearance of an adnexal 
mass discovered during pregnancy guides decision making 
regarding the need for surgical removal. Masses that consist of 
simple cysts usually represent benign processes and do not 
require removal during pregnancy. Masses with features 
of malignancy—such as large size, multiple cystic cavities, 
thick septa, internal papillae, or solid areas— require careful 
evaluation and may require operative removal. The most 
common neoplasms in pregnancy are benign cystic teratomas 
(Fig. 9-28). These can usually be identified by their sonographic 
characteristics.

Anatomic Survey
Systematic evaluation o f fetal anatomy is critical. It is a good 
idea to proceed with an examination in a consistent order so 
that important parts are not forgotten. Although many well- 
recognized maternal risk factors exist for congenital anomalies, 
90% of birth defects occur in fetuses of low-risk women.3 
For this reason, it is important that anyone who performs obstet
ric ultrasound have familiarity with the appearance of normal 
fetal anatomy in order to recognize deviations from normal. As 
mentioned previously, although more advanced detailed sono
grams (specialized examinations) are appropriate for patients 
with identified risk factors, all standard examinations should 
include a full anatomic survey. An overview of some of the 
more common fetal malformations that can be recognized at the 
time of a standard ultrasound examination is presented later in 
this chapter.

When components o f the standard second- or third- 
trimester ultrasound examination cannot be obtained

because o f maternal obesity, unfavorable fetal position, or 
other technical factors, this should be documented in the 
report. In such patients, it is reasonable to repeat the ultra
sound in 2 to 4 weeks. If a second attempt is unsuccessful, no 
further exams to attempt better visualization are necessary.

Documentation
A report for any ultrasound exam should list the indication. 
Documentation of ultrasound findings is important not only 
for good patient care but also for quality review and legal 
defense. AIUM guidelines in regard to record keeping state, 
“Adequate documentation o f the study is essential for high- 
quality patient care. This should include a permanent record 
of the sonographic images, incorporating whenever possible 
... measurement parameters and anatomic findings.”312

Cleaning and Disinfection of Probes
To avoid transmitting disease from one patient to another, 
proper cleansing and disinfecting o f probes is important.
W ith a transabdominal probe, it is sufficient to simply wipe the 
probe clean with a disposable antiseptic paper towelette. Trans
vaginal probes should be covered during use with a disposable 
latex or nonlatex cover. Following the exam, the probe should 
be cleaned with running water or a damp cloth. It is then impor
tant that chemical high-level disinfection be carried out as per 
the probe manufacturer’s recommendations.

ULTRASOUND FOR DETERMINING 
GESTATIONAL AGE
Determination o f the correct gestational age is one o f the 
most important aspects o f prenatal care. M aking correct man
agement decisions for conditions such as preterm labor, pro
longed and postterm pregnancy, and preeclampsia depends 
heavily on knowledge of the gestational age of the fetus. W ithout
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early confirmation of the estimated date of delivery (EDD), it 
is very difficult to diagnose growth disorders in the fetus. Bio
chemical screening for open fetal defects and chromosomal 
anomalies likewise requires accurate dating. For these and other 
reasons, it has become routine in developed countries to offer 
at least one ultrasound examination in the first half o f preg
nancy to accurately establish the gestational age.1

Standard Measurements
Ian Donald first demonstrated the clinical use of ultrasound in 
obstetrics in the early 1960s with the measurement of the BPD. 
Since that time, a large number o f publications have correlated 
this parameter with gestational age. The BPD can first be mea
sured from 12 to 13 weeks’ gestation, when the skull has become 
ossified. Other standard measurements that include the femur 
length (FL), abdominal circumference (AC), and head circum
ference (HC) can also be made starting in the late first trimester.

W ith transvaginai ultrasound, the embryo can be measured 
when it is only a few millimeters long, between 5 and 6 weeks’ 
gestation. From 6 to 10 weeks’ gestation, the maximal length of 
the embryo is measured. After about 10 weeks, the head, trunk, 
and extremities are visible, and the measurement is literally from 
the well-visualized crown to the rump.38 Views of the CRL such 
as those shown in Figure 9-29 are obtained. Because the fetus 
is often in a flexed position (Fig. 9-30), the CRL becomes less 
accurate after the first trimester and should not be used after 
it reaches 84 mm (14 weeks of gestation).39

It is possible to measure virtually any body part of the fetus. 
However, a standard set of measurements has been accepted as 
being the most useful for gestational age prediction. After the 
first trimester, these include the BPD, HC, AC, and FL. Unless 
these are measured according to standard criteria (Box 9-2), their 
value in defining the age or growth of a fetus is limited. Optimal 
views for obtaining measurements are shown in Figures 9-31 to 
9-35. Common errors to be avoided are also shown. W ith prac
tice, a sonographer learns to slide the transducer to the proper 
position on the maternal abdominal wall then angulate and 
rotate the transducer until the precise plane for biometry or 
anatomic assessment is obtained. In time, making these adjust
ments becomes second nature.

FIG 9-29 Measurement of the crown-rump length (CRL). This is a sagit
tal view of the fetus with the crown of the head to the right and the 
rump to the left.

Gestational Age Determination
In very early pregnancy, the gestational sac diameter can 
give a fairly close approximation o f the gestational age.
The mean sac diameter increases by about 1 mm per day, and 
the gestational age (in days) can be figured by adding 30 to the 
mean sac diameter (in millimeters).40 Because the range of error 
in age prediction from sac measurement is significantly greater 
than for the CRL and other standard measurements, the sac

BOX 9-2 DESCRIPTION OF IMAGES FOR 
FETAL BIOMETRY
Head

• Image is from  side not fro n t o r back.
• Head is oval rather than round.
• M id line  structures are centered not displaced to  the 

side.
• M easure at the level o f tha lam us and cavum  septum  

pellucidum .
• Image should not include the top  o f the orb its  or any 

part o f the bra instem  or cerebellum .
• M easure ou ter edge o f the p roxim al skull to  the inner 

edge o f the dista l skull.
• Head circum ference is m easured at the level o f the 

biparieta l diam eter, around the ou ter perim eter o f the 
skull.

Abdomen

• Abdom en is nearly round, not oval or squashed.
• O btain a true transverse im age not oblique.
• Images o f ribs should be s im ila r on both sides.
• M easure at the level w here the um bilica l vein jo ins  the 

porta l sinus.
• Calipers are all the w ay to the skin surface not at the 

rib, liver, o r spine edge.

Femur

• Fem ur should be perpendicu lar to d irection of 
insonation.

• Ends should be sharp ly  v is ib le  not tapered o r fuzzy.
• The m easurem ent should exclude the dista l epiphysis.

FIG 9-30 This is an inappropriate image for obtaining the crown-rump 
length (CRL) because the flexed position of the fetus gives a falsely 
low measurement.
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E8

FIG 9-31 Image of the fetal head for biparietal diameter and head cir
cumference measurements. The cavum septum pellucidum (CSP) 
and the thalami (Thai) are indicated. Criteria for an appropriate image 
are listed in Box 9-2.

FIG 9-33 Proper image for measurement of the abdominal circumfer
ence (AC). Criteria for an appropriate image are listed in Box 9-2. The 
umbilical vein (UV) is seen at the level of the portal sinus. The stomach 
(St) and spine (Sp) are also labeled.

FIG 9-32 Examples of inappropriate head views for biparietal diameter and head circumference (HC) measurements. A , The transducer is rotated 
in such a way that the image includes the cerebellum. B, The head is imaged from the back and not from the side. C, The scan plane goes 
though the head obliquely. Note how the brain structures are asymmetric. D, This true axial image is too high on the head. The cavum septum 
pellucidum is not seen.
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FIG 9-34 Examples of abdominal views that are inappropriate for abdominal circumference measurements. A, This true axial image is too low 
on the abdomen. The umbilical vein is seen close to the anterior abdominal wall. B, This is an oblique cut through the abdomen. Note the 
asymmetric appearance of the ribs. C, The abdomen is overly compressed because the sonographer has applied too much pressure to the 
maternal abdominal wall. D, The transducer is rotated in such a way that an oblong view of the abdomen is obtained. This gives an artificially 
elongated anterior-posterior dimension.

size should not be used as the final gestational age determi
nant.3 The measurement o f the early embryo, either as the 
maximal embryo length or CRL, is commonly accepted as the 
best sonographic method for gestational age determination.
Using a static scanner in pregnancies dated by “good” menstrual 
dates, Robinson and Fleming41 found that the 95% confidence 
intervals for gestational age prediction using the CRL was ±4.7 
days. Later studies, in which gestational age was determined by 
in vitro fertilization, showed an even smaller random error.42 
The high accuracy o f ultrasound dating o f early embryos is 
explained by their relatively large weekly percentage change 
in size and the fact that very little variation is seen among 
early embryos in their growth rates. The variability o f gesta
tional age estimations increases with advancing gestation.3'39

The 95% confidence intervals for gestational age prediction 
using the BPD as a single parameter between 14 and 21 weeks 
is ±7 days.43 In a study of pregnancies dated by in vitro

fertilization, Chervenak and colleagues44 found that in this 
period of pregnancy, all of the single parameters considered 
(BPD, HC, and FL) performed quite well: 95% confidence 
intervals for the gestational age ranged between ±7.5 days for 
the HC and ±8.7 days for the FL. Composite gestational age 
assessment using mathematic modeling from multiple parame
ters is now the most accepted method of ultrasound dating after 
the first trimester.39 The studies previously cited show that 
gestational age calculation using a combination o f standard 
parameters before 22 weeks is accurate to within ±7 days and 
is comparable to CRL measurement in the first trimester. For 
this reason, it is not necessary to refer a patient for ultra
sound in the first trimester for the sole purpose o f obtaining 
optimal dates.45

As pregnancy progress beyond 22 weeks, variability in 
fetal size increases considerably, and ultrasound prediction 
o f gestational age becomes progressively less accurate. In
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FIG 9-35 In the left image, the entire diaphysis of the femur is not clearly shown. This will give an inappropriately short measurement. The ends 
should be distinct, as shown in the image on the right. FL, femur length.

one study, the composite gestational age assessment at 24 to 30 
weeks had a variability (+2 standard deviations) of 1.8 weeks, 
and after 30 weeks, the variability was 2 to 3 weeks.38 These vari
ability figures represent a statistical description of the variability 
of the gestational age calculations in the studied population. 
In the third trimester, growth disorders in fetuses are relatively 
common and can bring about marked size variation. For this 
reason, the obstetrician must exercise caution when basing 
management decisions on third-trimester ultrasound dates.

W hen to U se  U ltraso un d  Dating
Since the time of Nagele in the early 1800s, obstetric providers 
have routinely used menstrual dates for determining the EDD. 
Agreement is near universal that in pregnancies in which the 
menstrual dates are uncertain or thought to be unreliable 
because o f a history o f uncertain recall, irregular cycles, 
recent hormonal contraception use, or an abnormally light 
last menstrual period (LMP), dates derived from ultrasound 
biometry are preferred.3,16,39 Because variations in timing of 
ovulation even with a certain LMP have never been shown to 
be less than the variation in age assessment from ultrasound,16 
it could be argued that dating can be best be established by 
ultrasound measurements, ignoring menstrual dates. Neverthe
less, all recent guidelines on establishing gestational age include 
references to menstrual dates. In a 20 14  reaffirmation o f a 
2009 ACOG practice bulletin,3 it was suggested that ultra
sound dates should take precedence over the menstrual dates 
i f  an ultrasound performed in the first trimester is more than
7  days different or an ultrasound exam before 20 weeks is 
discrepant by more than 10 days. A joint committee opinion 
issued in 2014 from ACOG, AIUM, and the Society for 
Maternal-Fetal Medicine (SMFM) entitled “Method for Esti
mating Due Date” made very specific recommendations that 
extend through the entire pregnancy (Table 9-1). ’ ’ Importantly, 
the committee opinion and the 2009 ACOG practice bulletin

TABLE 9-1 CIRCUMSTANCE IN WHICH ULTRASOUND 
GESTATIONAL AGE DETERMINATION 
SHOULD TAKE PRECEDENCE OVER 
"GOOD" MENSTRUAL DATES

GESTATIONAL AGE 
(WEEKS)

USE ULTRASOUND DATES 
IF DISCREPANCY IS:

Less than 8 6/7 >5 days
From 9 0/7 to 15 6/7 >7 days
From 16 0/7 to 21 6/7 >10 days
From 22 0/7 to 27 6/7 >14 days
Greater than 28 0/7 >21 days

From American College of Obstetricians and Gynecologists. Committee opinion no 611: 
method for estimating due date: O bstet Gynecol. 2014;124:863-866.

both note that in the third trimester aberrant growth is rela
tively common, so changing certain menstrual dates in favor 
of a late ultrasound date risks missing the presence o f a sig
nificant growth disorder, and decisions about changing dates 
require careful consideration and close surveillance.'

Assessing Fetal Growth
The first ultrasound examination is generally considered to be 
a dating examination; that is, the measurements are used to 
determine the gestational age. An accurate knowledge of gesta
tional age determined or confirmed by the first ultrasound 
examination forms the basis for subsequent clinical and sono
graphic assessments of fetal growth. Because insufficient or 
excessive growth can be associated with significant fetal mor
bidity, recognition o f growth abnormalities is one o f the 
primary aims o f prenatal care and is an important aspect o f  
ultrasound examinations. In most obstetric practices, growth 
ultrasound examinations are obtained when abdominal palpa
tion and fundal height measurements raise the suspicion of 
abnormal growth.46 A lagging fundal height, combined with the
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knowledge of clinical risk factors for IUGR, is commonly used 
as a “screening test” for insufficient fetal growth, whereas ultra
sound is considered the “diagnostic test.” This scheme for the 
prenatal detection of growth-restricted fetuses has met with 
mixed results. Although some studies have shown sensitivities 
for the detection of small for gestational age (SGA) fetuses with 
fundal height to be as low as 15%,46 others suggest a 65% to 
85% sensitivity and 96% specificity.4’ The positive predictive 
value of a lagging fundal height for diagnosing IUGR has been 
reported to be 50%. Schemes for the antenatal diagnosis of small 
fetuses may perform significantly better if  clinical risk factors are 
taken into account.48'49

Serial ultrasound examinations have been shown to be supe
rior to physical examination for diagnosing insufficient growth.50 
For this reason, some have advocated a routine third-trimester 
ultrasound examination to screen for growth abnormalities even 
in low-risk pregnancies. Studies have shown, however, that this 
policy has little or no impact on perinatal morbidity and mor
tality.47'51 Because o f the high cost and unproven benefit o f 
such a screening program, routine ultrasound examinations 
for growth are generally not a part o f prenatal care in the 
United States. However, it is still accepted that ultrasound 
should be ordered when clinical examination is suspicious 
and when significant risk factors for a growth abnormality 
are present. Such risk factors include diabetes mellitus, maternal 
hypertension, a previous small or large baby, multiple gestation, 
or poor maternal weight gain. A risk-based approach is particu
larly appropriate in cases such as multiple gestation or marked 
maternal obesity, in which clinical evaluation of fetal size is 
difficult or impossible.16'47

Estimating Fetal Weight
A large number of formulas for calculating the estimated fetal 
weight (EFW) have been proposed. The most popular of these 
have been compiled in a review by Nyberg and colleagues.40 
All incorporate the abdominal circumference because this 
is the standard measurement most susceptible to the varia
tions in fetal soft tissue mass. Although the AC alone is a fairly 
good marker for detecting abnormal fetal growth, the addition 
of other standard measurements to estimated weight formulas 
increases their accuracy.52 It has been shown that the addition 
of measurements beyond the standard set (BPD, HC, AC, 
and FL) does not significandy improve weight estimations. 
It appears that the error inherent in obtaining the basic 
measurements, especially the AC, is great enough to obscure 
any refinement in accuracy that might be gained from addi
tional measurements.

M any studies have been done to evaluate the accuracy of 
ultrasound for predicting birthweight.40 It has been claimed in 
some publications that one formula is better than another when 
statistically significant differences in accuracy are seen. However, 
the differences in accuracy are usually of lim ited clinical signifi
cance, and no formula has been consistently shown to be supe
rior to another.53

W hen scans are done by well-trained sonographers, most 
studies show a mean absolute error in weight prediction of about 
8% to 10% of the actual birthweight. Overall, 74% of infants 
have a birthweight within 10% of ultrasound estimates.54 In 5% 
of cases, the deviation is greater than 20% .47

It is often assumed that ultrasound is more objective than 
clinical examination and that ultrasound estimates o f fetal 
weight are therefore more reliable. Surprisingly, most studies

have not shown this to be true. In a review by Sherman and 
colleagues53 of 12 studies in which ultrasound was compared 
with clinical examination for weight estimation, ultrasound was 
found to be clearly superior in only one, and it involved a sub
group of patients with birthweights less than 2500 g. In three 
studies, clinical estimates were superior, and in the remaining 
eight, the two methods either were equivalent or had mixed 
results depending on the specific formula used. Interestingly, 
one study55 showed that a term parous woman in labor is about 
as accurate in predicting the birthweight as clinical estimation 
by a physician or a sonographic estimate. Although it has not 
been proven, it is reasonable to assume that ultrasound measure
ments, fetal palpation, and maternal characteristics can comple
ment one another. When the discrepancy between modalities is 
marked, the clinician should be prompted to reassess the results 
of each method. Strategies aimed at improving the performance 
of ultrasound for estimating fetal weight— for example, using 
formulas based on subpopulations of fetuses, such as those who 
are preterm or are thought to be small or large for gestational 
age—have not shown a clinically important improvement in the 
accuracy of weight estimates compared with traditional “one- 
size-fits-all” formulas.56

Diagnosing Abnormal Growth
The most accepted way of diagnosing abnormal growth in a fetus 
is to calculate the EFW using standard ultrasound measurements 
and then compare the estimated weight with an accepted stan
dard. Several of these are in common use in currently available 
ultrasound software.

If the EFW is less than the 10th or greater than the 90th  
percentile, the fetus is said to be small or large for the gesta
tional age.47,57 Defining abnormal growth using these percentile 
cutoffs includes many babies who are healthy but are constitu
tionally large or small. Using a more restrictive definition, 
such as a birthweight less than the 3rd or greater than the 97th 
percentile, is more predictive of a poor neonatal outcome. Of 
course, using these criteria would fail to detect many less severely 
affected fetuses. Additionally, some infants have a birthweight 
within the normal range but have not grown to their genetic 
potential. For this reason, some investigators have argued that 
individual birthweight percentile limits that incorporate such 
characteristics as maternal weight, height, ethnic group, parity, 
and fetal sex should be used.58 Claussen and colleagues^' found 
that about one fourth of fetuses judged to be abnormally small 
using conventional limits were within normal limits with 
adjusted percentiles. Conversely, one fourth of babies identified 
as small or large with adjusted percentiles would have been 
missed by conventional assessment. In another study from the 
same institution, it was demonstrated that the risk for stillbirth, 
neonatal death, and low Apgar scores can be better predicted by 
the customized weight percentiles. However, the use of custom
ized formulas has not been shown to improve outcomes and are 
not in common use.47

Growth Restriction
In 1977, Campbell and Thoms60 described the HC/AC ratio 
as a useful marker for detecting fetal growth restriction (see 
Chapter 33). This was based on the observation that growth 
of the soft tissues in the fetal abdomen is more likely to be 
compromised than the head when nutritional deprivation is an 
issue. This understanding led to the concept that asym m etric 
g row th  restr ic tion  is virtually pathognomonic of nutritional
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deprivation, whereas symmetric growth restriction signifies an 
underlying condition such as aneuploidy. This categorization 
has some utility, but it should be recognized that a great deal 
of overlap exists between body ratios of fetuses whose growth is 
restricted from either nutritional or intrinsic factors. However, 
because a very high HC/AC ratio is uncommon in normal 
fetuses, such a ratio points away from constitutional smallness. 
Additionally, it has been shown in newborns that a low weight/ 
length ratio is associated with an increase in several markers 
of morbidity even if the birthweight is greater than the 10th 
percentile; this perhaps indicates these infants also experienced 
growth restriction.61 Currently, no consensus has been reached 
concerning the level of surveillance appropriate for a fetus with 
a high HC/AC ratio but normal estimated weight.

When a patient presents late for prenatal care and the 
gestational age is uncertain, diagnosis o f a growth disorder 
is particularly difficult. In these cases, a high or low HC/AC 
ratio can raise the suspicion o f a growth disorder. Other 
ultrasound findings may be useful to help confirm the suspicion. 
For example, IUGR is often associated with oligohydramnios, 
abnormal umbilical artery Doppler flow studies, or an abnormal- 
appearing placenta. Macrosomic fetuses may demonstrate obvi
ously thickened subcutaneous fat pads. In suspected cases, as 
long as the fetus is stable, serial ultrasound examinations to 
evaluate growth are appropriate. Repeated ultrasound exams 
for growth should be performed at least 2 to 4 weeks apart. 
A shorter interval makes it difficult to tell if  apparent trends are 
due to the real growth or variations in the measurement tech
nique.3 The rate of growth can be valuable for predicting adverse 
outcome. Formulas that define rates of normal growth have been 
published, but most clinicians rely on an observation of progres
sively increasing or decreasing weight percentiles to evaluate the 
severity of an ongoing growth disorder.

Macrosomia
The term macrosomia implies growth beyond a specific weight, 
usually 4000 or 4500 g. Morbidity is increased for infants who 
weigh 4000 to 4500 g compared with the general population, 
and risks increase sharply above 4500 g. Large cohort studies 
support 4500 g as an EFW above which a fetus should be 
considered macrosomic.1 The absolute error o f ultrasound- 
estimated fetal weight is increased with macrosomia. When 
the birthweight exceeds 4500 g, only 50% o f fetuses weigh 
within 10% o f the ultrasound-derived estimate.11

It has been hoped by many that ultrasound could aid in the 
difficult decisions faced by obstetricians when macrosomia is 
suspected. Because difficult delivery from shoulder dystocia can 
lead to permanent neurologic in jury in the fetus, this is one of 
the most feared complications in obstetrics (see Chapter 17). 
Unfortunately, ultrasound for fetal weight estimation has proved 
to be of limited usefulness for the prevention of shoulder dys
tocia and other complications associated with fetal macrosomia.

In a review of 4480 deliveries by Gonen and colleagues,62 
ultrasound ordered because of a clinical suspicion of macrosomia 
only detected 17% of the infants who weighed over 4500 g, and 
only 1 of the 23 infants who weighed over 4500 g had a brachial 
plexus injury. Additionally, 93% of infants who had shoulder 
dystocia weighed less than 4500 g. For these reasons, clinical 
investigators have concluded that most cases o f injury that 
result from shoulder dystocia cannot be predicted by ultra
sound and that i f  cesarean delivery were routinely performed 
when macrosomia was suspected, the rate o f cesarean deliv
ery would be increased with very little benefit.

S A F E T Y  O F U L T R A S O U N D
Since diagnostic ultrasound was introduced for clinical use, 
attention has appropriately been given to ensuring its safety. It 
has been recognized that the energy from sound waves is con
verted into heat as sound waves are attenuated. Mechanical 
energy from the sound waves can cause the formation o f 
microbubbles, resulting in a phenomenon called cavitation. 
Because cavitation occurs only under high ultrasound intensities 
where air is present, it is not of significant concern with diag
nostic ultrasound of the fetus.

Q uantifying M achine Pow er O utput
As of 1976, trials had indicated that no clinically significant 
biologic effects were apparent from diagnostic ultrasound. It was 
subsequently recognized that it would be impractical to repeat 
safety studies for each new generation of ultrasound machines 
operating with different modalities and power outputs. The U.S. 
Food and Drug Administration (FDA) decided that approval for 
equipment marketed after 1976 would require acoustic outputs 
less than that of equipment that existed at that time, which was 
94 mW/cm2 spatial-peak temporal-average (SPTA). However, it 
has become apparent that improvements in ultrasound imaging 
can be obtained in some cases with higher power levels than is 
allowed under this regulation. The FDA agreed to relax this 
standard if  machines provided users with real-time information 
that indicates the potential for fetal harm from the higher-power 
outputs now allowed. An output display standard was adopted 
that showed the required information on the ultrasound monitor. 
The numbers pertinent to users of obstetric ultrasound are the 
thermal indexes for soft tissue (TIs) and bone (T ib). The 
thermal index denotes the potential for increasing the tem
perature o f tissue being insonated with that power output. It 
is determined by the settings and ultrasound modalities being 
used. A thermal index (TI) of 1.0 indicates that given certain 
conditions, the temperature of the tissue may be increased by 
1° C. Because little bone formation occurs in the first trimester, 
the TIs is more relevant. Later in pregnancy, as ossification 
occurs, sound waves have a greater impact on bone, so the T ib 
becomes more important. If the output display standard is fol
lowed, the new regulations allow the ultrasound intensity to be 
as high as 720 mW/cm2. Machines that do not have the output 
display still must operate with a maximal sound intensity of less 
than 94 mW/cm2.

A 2008 official statement from the AIUM 63 on ultrasound 
bioeffects states that no effects have been observed from unfo
cused beam SPTA intensities below 100 mW/cm2 or TI values 
less than 2. In 2009, the World Health Organization (W HO) 
sponsored a systematic review and meta-analysis to evaluate 
the safety of human exposure to ultrasonography in pregnancy. 
This study showed no adverse maternal or perinatal effects, 
impaired physical or neurologic development, increased risk for 
malignancy in childhood, subnormal intellectual performance, 
or mental diseases. This analysis concluded that according to 
the available evidence, exposure to diagnostic ultrasonography 
during pregnancy appears to be safe.6-1 Taking into account 
the many studies that have been done to date, an official 
statement from the AIUM on prudent use and clinical safety 
states, “No independently confirmed adverse effects caused 
by exposure from present diagnostic ultrasound instruments 
have been reported in human patients in the absence of 
contrast agents.”65 Nevertheless, researchers in the field caution 
about the possibility that unrecognized harm exists. For this

ak
us

he
r-li

b.r
u



Chapter 9 Obstetric Ultrasound: Imaging, Dating, Growth, and Anomaly 183

reason, the AIUM position remains that ultrasound should 
be used by qualified health professionals to provide medical 
benefit to the patient. In another official statement, the 
AIUM propounds the ALARA principle (as low as reason
ably achievable).' '’ This means that the potential benefits and 
risks o f each examination should be considered, and equip
ment controls should be adjusted to reduce as much as the 
possible the acoustic output from the transducer.

In general, ultrasound energy and the potential for tempera
ture elevation become progressively greater from B-mode to 
color Doppler to spectral Doppler. For this reason, M-mode 
ultrasound is preferred for documenting fetal viability in the first 
trimester (see Fig. 9-7).4 However, Doppler modes should be 
used liberally to confirm fetal death.

U L T R A S O U N D  D IA G N O S IS  
O F M A L F O R M A T IO N S
Over the past few decades, a large number of publications have 
described the ultrasound diagnosis of fetal malformations. A 
catalog of the diseases now considered detectable with prenatal 
ultrasound is beyond the scope of this chapter. This section 
addresses the use of ultrasound as a general screening test for 
malformations, discusses the role of ultrasound in aneuploidy 
screening, and describes the relatively common birth defects that 
may be diagnosed with a standard ultrasound examination.

U ltraso u n d  as a Screen in g  Tool for 
Birth Defects
W ith improvements of ultrasound equipment in the last few 
decades, many patients and clinicians have come to assume an 
ultrasound exam will likely detect all serious fetal anomalies. 
Indeed, in the 1980s and early 1990s, several individual centers 
reported detection rates of greater than 75% in referral and low- 
risk patients. However, serious questions in regard to the 
sensitivity o f routine ultrasound exams in more general set
tings were raised by a large multicenter randomized trial 
published in 1993, the Routine Antenatal Diagnostic Imaging 
W ith Ultrasound Study (RADIUS).67 This randomized trial 
included standardized ultrasound exams of over 15,000 women 
between 16 and 20 weeks’ gestation and then again at 31 to 33 
weeks. Patients were selected to be at low risk for pregnancy 
complications. In this study, only 17% of major anomalies were 
diagnosed by ultrasound prior to 24 weeks’ gestation, and only 
35% were detected overall. The study’s authors concluded that 
routine ultrasound to screen for birth defects in low-risk 
women was not efficacious. A subsequent large study of 
ultrasound screening for birth defects, the Eurofetus study,68 
included over 200,000 women screened with routine ultra
sound in 61 hospital units in 14 European countries. In 
contrast to the low rate o f detection o f anomalies in the 
RADIUS trial, 61%  o f malformed fetuses were detected. The 
sensitivity was higher for major malformations (74%), and a 
significant difference in detection rates was found according to 
the particular malformation or organ system involved. Defects 
of the central nervous system and urinary tract were detected 
88% of the time, whereas only 18% of cases of cleft lip and 
palate were diagnosed. Ultrasound identified 18% of minor 
musculoskeletal malformations and 21% of minor cardiac mal
formations, and sensitivities were 74% and 39% for major 
anomalies of these two organ systems.

The nature of the population being screened and the thor
oughness of postnatal ascertainment of birth defects also affect

the sensitivity of ultrasound for detecting defects. The detection 
rate has been shown to be higher in high-risk populations 
screened at centers with extensive experience at diagnosing 
birth defects. In studies that did not include rigorous prospec
tive neonatal evaluation, subtle anomalies may not have been 
noted, and a sonographic “miss” of these defects would not be 
counted. This would give a falsely optimistic detection rate. 
The gestational age at which ultrasound is performed can 
influence the sensitivity o f anomaly screening. Whereas many 
defects can now be recognized in the late first trimester (e.g. anen- 
cephaly and large abdominal wall defects), most are not visible 
until later. Some defects may become more readily apparent 
late in pregnancy. Although multiple exams in each pregnancy 
would undoubtedly increase the detection rate of malformations, 
resource and financial constraints make this impractical.

Summarizing the results o f large studies and systematic 
reviews, the report o f the 20 14  National Institute o f Child 
Health and Human Development (NICHD) Workshop on 
Fetal Imaging concluded that the range o f detection rates for 
anomalies overall is wide, from 16%  to 44%  prior to 24  
weeks o f gestation, with a detection rate o f 84%  for major 
and lethal anomalies.1'’

In the hands o f a well-trained examiner, the detection rate 
of some anomalies should approach 100% . For example, 
anencephaly, abdominal wall defects, and anomalies that involve 
an abnormal accumulation of fluid within a body cavity (e.g., 
hydronephrosis or hydrocephalus) w ill rarely be missed. The fact 
that spina bifida, which itself may be difficult to see, is almost 
always accompanied by easily recognized intracranial findings 
makes the detection rate of this defect quite high. The growing 
awareness that a screening ultrasound should include not only 
the four-chamber view of the heart (Fig. 9-36) but also views of 
the outflow tracts (Figs. 9-37 and 9-38) has resulted in a signifi
cant increase in the detection rate of heart defects. DeVore69 
reviewed three studies from the 1990s in which only the four- 
chamber view was obtained as part of a screening ultrasound in 
low-risk populations. Only 8 of 151 cases were identified with 
the four-chamber screening, giving a detection rate of 5%. In 
contrast, a 2006 Norwegian study70 of over 30,000 unselected 
patients used not only the four-chamber view but also the great 
vessel views and showed a 57% prenatal detection rate of heart 
defects. Because o f studies that show the importance o f 
outflow tract visualization for the detection o f many heart 
defects, ACOG and the AIUM now recommend that attempts 
should be made to obtain these views in all second- and 
third-trimester scans.312

It is well recognized that adequate training is essential to 
the proper performance and interpretation o f obstetric ultra
sound exams. In the RADIUS trial, the detection rate for 
anomalies was almost three times higher when the exams 
were performed at a tertiary center compared with a general 
practice setting (13%  vs. 35%), presumably because of 
greater experience o f sonographers at the tertiary centers. To 
maintain acceptable levels o f sensitivity, compliance with the 
AIUM guidelines for training and experience is important.

It is generally agreed that the most cost-effective approach 
for screening low-risk pregnancies is to perform a standard 
examination between 18 and 20 weeks. At this gestational age, 
adequate visualization of major organs is possible for most 
women. In some, because of an unusually thick or dense mater
nal abdominal wall or unfavorable fetal position, completion of 
the anatomic survey is suboptimal, and a follow-up scan may be 
helpful.3,16
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FIG 9-36 Normal four-chamber cardiac images from the apex (left) and lateral views (right). The apex (Ap) and left ventricle (LV) are labeled.

FIG 9-37 Left ventricular outflow tract view. The left ventricle (LV) and 
ascending aorta (Asc Ao) are indicated.

False-positive results must be taken into account when con
sidering the effectiveness of ultrasound screening for birth 
defects. Falsely abnormal results can cause patients and fami
lies considerable anguish and result in unnecessary follow-up 
tests. Fortunately, in both the RADIUS and the Eurofetus trials, 
fewer than one in 500 women was erroneously told that her 
healthy fetus had a malformation.67 68 However, of the nearly 
3000 suspected malformations in the Eurofetus study, 10% were 
false-positive diagnoses, and 6% involved fetuses in which an 
initial concern was resolved on a subsequent ultrasound exam.

Screen in g  for A n eu p lo id y  
First Trimester
As has been previously discussed in this chapter, ultrasound 
assessment is an important part of first-trimester aneuploidy 
screening (see Chapter 10). The most important sonographic 
component o f first-trimester screening is the nuchal translu- 
cency measurement (Fig. 9-39). The presence or absence o f a

FIG 9-38 Right ventricular outflow tract view. The main pulmonary 
artery (MPA) arises from the right ventricle (RV) and crosses anterior 
to the ascending aorta (Ao) before bifurcating.

visible nasal bone is another important ultrasound finding.
Other ultrasound findings have been described, such as reverse 
ductus venosus flow and tricuspid regurgitation, but they are 
not in general use.71 Criteria are rigorous for appropriate nuchal 
translucency and nasal bone images, and individuals who wish 
to perform the ultrasound component of the first-trimester 
screen must be certified to do so.

Second Trimester
As is discussed in Chapter 10, well-established screening tests 
exist for fetal aneuploidy; however, the role of ultrasound in 
aneuploidy screening is less straightforward. Starting in 1985, a 
number of “soft markers,” as opposed to actual birth defects, 
were found to have an association with Down syndrome. These 
include a thick nuchal fold, short nasal bone, cerebral ven- 
triculomegaly, short femur or humerus, echogenic intracar
diac focus, echogenic bowel, and pelviectasis (Fig. 9-40, 
e-Figs. 9-1 and 9-2). It has been shown that these markers
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FIG 9-39 Midsagittal view of a 12-week fetus showing the nuchal 
translucency (NT) and nasal bone (NB).

FIG 9-40 Axial image of a fetus with trisomy 21, showing a thick pos
terior nuchal fold (calipers).

perform poorly as individual predictors of Down syndrome. 
However, using likelihood ratios for each marker, they can be 
used in combination to calculate a formal risk adjustment for 
the presence of trisomy 21. 2 In spite o f the well-docuinented 
association between these markers and trisomy 21, the ultra
sound at 18 to 20 weeks should not be considered an ade
quate screening test. A patient who desires such screening 
should be encouraged to use better-defined and well- 
established screening methods, which may include first- 
trimester screening, the quad screen, or cell-free DNA testing.

Not infrequently, these soft markers are seen incidentally at 
the time of the screening exam at 20 weeks. The NICHD work
shop on fetal imaging made recommendations on how to 
proceed in this circumstance.16 It concluded that an echogenic 
intracardiac focus has such a small likelihood ratio that it does 
not significantly change the prior risk and can thus be ignored. 
The presence of other soft markers should prompt referral for a 
targeted ultrasound and other aneuploidy screening tests. W hen
ever a structural anomaly is identified, a finding that is not just 
a soft marker, invasive prenatal diagnosis should be offered.71

Screen in g  for A n o m alies W ith the Stan d ard  
U ltraso un d  Exam in ation
As previously noted, specific components should be evaluated 
in the course of a standard ultrasound exam performed in the 
second or third trimesters (see Box 9-1).3’16 Careful attention to 
each of these components will allow detection of many, if  not 
most, serious birth defects. In the following sections, normal 
structures will be demonstrated, and the alterations expected 
with different birth defects will be shown. The conditions 
described are those for which the general obstetrician should 
have familiarity and that might reasonably be detected with a 
standard screening ultrasound examination. Ultrasound images 
of most of these conditions are found in the online version of 
this book.

Head and Neck 
GENERAL APPEARANCE
On axial views, the head should have an oval appearance. Elon
gation of the head, termed dolichocephaly, is often caused by 
lateral compressive forces associated with oligohydramnios, 
especially if  the fetus is in a breech presentation. An abnormally 
round shape, termed brachycephaly, can be an important indica
tor of fetal abnormalities, especially holoprosencephaly and 
aneuploidies (e-Fig. 9-3).

NEURAL TUBE DEFECTS
Anencephaly is often first suspected when a proper image for 
measuring the BPD cannot be obtained. The absence of the 
cranial vault can be diagnosed after 10 weeks’ gestation. Although 
the skull is missing, lobulated disorganized brain tissue can be 
prominent between 9 and 11 weeks. This tissue degenerates by 
15 weeks, leaving the characteristic appearance in which there 
is there is no cortex or cranium and the fetal eyes appear at the 
top of an intact lower face (e-Figs. 9-4 and 9-5). Meningomy
elocele that extends varying distances from the base of the skull 
down the neck and body may be present along with anenceph
aly. Fetuses with anencephaly do not swallow normally, so poly
hydramnios commonly develops in pregnancies that are allowed 
to continue.

Whenever a normal calvarium is absent, especially i f  there 
are additional clefts or amputations in the fetus, a careful 
search should be made for strands o f membranes attached to 
the fetus, which are diagnostic o f the amniotic band sequence.
When major skull deficits are caused by amniotic bands, typi
cally some cerebral cortex remains (e-Fig. 9-6), although this is 
not the case with anencephaly.

Encephalocele is the least common type o f neural tube 
defect and is manifested by a protrusion o f the meninges, 
and sometimes brain tissue, through a midline defect in the 
cranium. Ultrasound shows a midline sac protruding though 
the skull, most often in the occiput (e-Fig. 9-7). The outcome 
with encephalocele is very poor if  brain tissue is present within 
the encephalocele sac or other significant associated anomalies 
are apparent. When the defect is isolated with no brain involve
ment, most children have a good neurologic outcome.

The sensitivity of ultrasound for diagnosing spina bifida 
increased dramatically in the 1980s when it was discovered that 
fetuses with this condition have readily apparent secondary 
changes in the brain and skull.7’ These include frontal narrow
ing o f the skull (the “lemon” sign; e-Fig. 9-8), ventriculo- 
megaly, and an abnormal cerebellum and posterior fossa. The 
cerebellum is deformed and drawn backward to obliterate
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the posterior fossa. This finding, the Arnold-Chiari type 
II malformation, is referred to as the banana sign (e-Figs. 
9-9 and 9-10).

CYSTIC HYGROMA
A cystic hygroma is a loculated accumulation of fluid in the 
skin of posterior neck (e-Fig. 9-11). In fetuses with this finding, 
edema may be widespread and is often associated with severe 
hydrops. These fetuses do not survive into the third trimester. 
When a cystic hygroma is present, the chance is more than 
60%  that the fetus has a chromosome abnormality, most 
commonly Turner syndrome. 1

CLEFT LIP AND PALATE
A coronal view of the fetal face is usually readily obtainable (e- 
Fig. 9-12). e-Figure 9-13 shows the presence of cleft lip, and 
3-D views of a cleft lip (see Fig. 9-10) can help patients under
stand the nature of the fetal deformity. Approximately two- 
thirds o f those with cleft lip also have cleft palate, which may 
be demonstrated with oblique views that show a defect in the 
maxillary ridge (e-Fig. 9-14). An isolated cleft palate is rarely 
diagnosed with prenatal ultrasound.

MICROGNATHIA
A midsagittal view of the face is the best for the detection of 
micrognathia (e-Fig. 9-15), which may be an important marker 
for genetic syndromes such as trisomy 18. Severe hypoplasia o f 
the mandible, such as that seen with Pierre-Robin sequence, 
can cause breathing difficulties at birth; therefore prenatal 
diagnosis is invaluable in planning proactively for manage
ment o f the neonate.

CEREBELLUM AND CISTERNA MAGNA
The cerebellum and posterior fossa should always be visualized 
to diagnose spina bifida, as described above, and the Dandy- 
Walker malformation. In the latter condition, a posterior fossa 
cyst is present that is continuous with the fourth ventricle; also 
apparent are complete or partial absence of the cerebellar vermis 
and varying degrees of hydrocephalus (e-Fig. 9-16 and Video
9-1). About 50% of affected fetuses have other intracranial 
malformations, 35% have extracranial abnormalities, and 15% 
to 30% have aneuploidy.75 Many infants with Dandy-Walker 
syndrome die after birth, usually as a result of associated mal
formations; the majority of survivors have some degree of mental 
handicap.

CHOROID PLEXUS
Cysts within the choroid plexus are noted in approximately 1% 
of normal fetuses (e-Fig. 9-17). They generally are benign and 
resolve before 26 weeks’ gestation without sequelae. Because 
their presence indicates a sevenfold increase in risk that the 
fetus has trisomy 18, referral for a specialist ultrasound is indi
cated.16 In a fetus without trisomy 18, a choroid plexus cyst 
is not considered significant, and no further follow-up is 
needed.16,76

LATERAL VENTRICLES
Hydrocephalus is a general term used to describe a head in which 
the cerebral ventricles are dilated. M any causes are possible and 
include spina bifida; stenosis of the aqueduct of Sylvius; normal 
pressure hydrocephalus; agenesis of the corpus callosum; fetal 
toxoplasmosis, other infections, rubella, cytomegalovirus, and 
herpes simplex (TORCH) infections (see Chapters 52 and 53);

and other serious developmental malformations of the brain. In 
some cases, particularly those caused by aqueductal stenosis, the 
head can be markedly enlarged. The lateral and third ventricles 
may be very dilated with marked thinning of the cerebral cortex 
(e-Fig. 9-18). W ith atraumatic delivery and appropriate neu
rosurgical treatment, more than half o f infants with aque
ductal stenosis survive, but about 75%  o f survivors have 
moderate to severe developmental delay. The degree of 
hydrocephalus and the thickness o f the remaining cerebral 
cortex are weak predictors o f the neurologic outcome.

The appearance of the choroid plexus can assist in the diag
nosis of less obvious hydrocephalus. W ith hydrocephalus, the 
choroid plexus—which usually fills this portion of the lateral 
ventricle from side to side (e-Fig. 9-19)— appears compressed 
and “dangles” (e-Fig. 9-20). The accepted upper lim it of the 
transverse diameter of the lateral ventricles at the atrium is 
10 mm. When the ventricles measure between 10 and 12 mm, 
the chance o f a normal neurologic outcome is 96% , and it is 
86%  with a measurement between 12 and 15 mm. 8 W hen
ever any degree of hydrocephalus is seen, a careful search for 
other malformations is essential, because their presence strongly 
influences the prognosis. Agenesis of the corpus callosum should 
be considered when modest ventricular dilation is primarily 
confined to the posterior horns (e-Fig. 9-21). Although fetuses 
with spina bifida usually have dilation of the lateral ventricles, 
the head size is usually not increased.79

A unilateral cystic lesion adjacent to the cerebral cortex most 
likely represents an arachnoid cyst (e-Fig. 9-22). These generally 
are associated with a good prognosis but can reach considerable 
size and can cause symptoms such as seizures or hydrocephalus. 
Porenecephalic cysts are unilateral cystic lesions in the brain that 
have a much worse outcome. These arise from intracerebral 
infarcts or hemorrhages with subsequent liquefaction of the 
brain tissue or clot (e-Fig. 9-23). The resultant cystic cavity 
within the brain parenchyma may be in communication with 
the subarachnoid space or a cerebral ventricle.

MIDLINE FALX
Absence or abnormality o f midline structures o f the brain 
should point to a diagnosis o f holoprosencephaly. This con
dition results from incomplete division of the cerebral hemi
spheres. W ith the alobar form of holoprosencephaly, the head 
is usually small and brachycephalic. No midline echo divides 
the cerebral cortex, and a single crescent-shaped ventricle lies 
anterior to the bulbous-appearing thalamus (e-Fig. 9-24). M any 
fetuses with holoprosencephaly have facial abnormalities that 
may include hypotelorism or cyclopia, facial clefts, absent nose 
or single nostril, and presence of a proboscis above or between 
the eyes. Chromosome abnormalities, especially trisomy 13, and 
other malformations are present in one third of these cases. 
Regardless o f the karyotype or presence o f other malforma
tions, alobar holoprosencephaly is associated with a dismal 
neurologic prognosis, and death almost always occurs either 
before or shortly after birth. When partial division of the 
brain is evident, the fetus may have semilobar (e-Fig. 9-25) or 
lobar holoprosencephaly, both of which have a somewhat more 
favorable prognosis.

Chest 
CHEST MASSES
Displacement of the heart away from the m idline is often a sign 
of a diaphragmatic hernia or a lung mass such as congenital 
pulmonary adenomatoid malformation (CPAM) or pulmonary
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sequestration. The presence of these conditions can be life 
threatening because vital chest structures are compressed or dis
placed. Space-occupying chest lesions can severely impair lung 
growth. Compression of the esophagus by a lung mass may cause 
symptomatic polyhydramnios. Similar pressure on the central 
veins and lymphatics may cause fetal death from generalized 
hydrops.

W ith diaphragmatic hernia, the heart is displaced to the 
side opposite the location o f the defect, which is on the left 
in 75%  o f cases. The condition can be distinguished from 
other chest masses by the appearance o f bowel, stomach, and 
other abdominal organs in the chest at the level o f the four- 
chamber view o f the heart (e-Fig. 9-26). In the midabdominal 
view, the stomach is typically not seen with left-sided hernias 
and is shifted toward the right in right-sided lesions. The intra- 
hepatic umbilical vein is usually shifted toward the side of the 
defect, and variable amounts of liver will sometimes be seen 
prolapsed into the chest. Ultrasound does not usually demon
strate significant lung tissue on the affected side. The contralat
eral lung can be very small. Displacement of the GI tract often 
results in swallowing abnormalities, and half of such cases 
develop polyhydramnios.

CPAM appears as a solid or multicystic lung mass (e-Figs.
9-27 and 9-28) that is almost always unilateral and confined to 
one lobe. Frequently, a shift in the mediastinum is apparent with 
compression of the contralateral lung. Nonimmune hydrops can 
develop, and this finding is associated with a poor prognosis. 
Because an apparently very large CPAM can seem to regress 
as a pregnancy advances, the clinician should be cautious 
about predicting a poor outcome.^" Most affected children 
require nonemergent surgical resection.

Pulmonary sequestration is a congenital anomaly in which 
a mass of lung tissue arises from the foregut independently of 
the normal lung. It does not communicate with the tracheo
bronchial tree, and it receives its blood supply directly from 
the aorta (e-Fig. 9-29). Ultrasound shows an echogenic intra- 
thoracic or intraabdominal mass, usually just above or just below 
the diaphragm. Color Doppler ultrasound can sometimes 
show the aberrant blood supply, thus distinguishing a pul
monary sequestration from CPAM. A pulmonary sequestra
tion usually must be removed in childhood but rarely causes 
prenatal complications.81

FOUR-CHAMBER VIEW OF THE HEART
In addition to the position of the heart within the chest, the 
axis should be carefully noted. The sonographer must identify 
the fetal right and left side based on the position of the fetus, 
not the position of the organs. Otherwise, abnormalities of 
sidedness— such as situs inversus—would be missed.

The starting place for diagnosing congenital heart defects is 
the four-chamber view (e-Fig. 9-30). Examples of defects that 
present with an abnormal four-chamber view include many 
septal defects and hypoplastic left heart syndrome. Ventricular 
septal defects account for 20% to 30% of congenital heart 
defects. Whereas large defects can often be seen in the four- 
chamber view (e-Fig. 9-31), small defects are commonly missed 
even by experienced examiners. Some significant defects are in 
the anterior, membranous portion and are not visible with the 
four-chamber view. The most obvious septal defect visible 
with prenatal ultrasound is an atrioventricular canal defect. 
With this, a large defect is evident in the atrial and ventricu
lar septum, and a common atrioventricular valve is present 
(e-Fig. 9-32). This particular lesion has a strong association

with Down syndrome, which is present in about half o f the
cases. In about half of the cases of ventricular septal defects, 
other more complex malformations are present. It is difficult to 
distinguish an atrial septal defect from a normal patent foramen 
ovale.

Hypoplastic left heart syndrome is suspected when the left 
ventricle, which should be similar in size to the right ventricle, 
appears very small with a four-chamber view (e-Fig. 9-33). To 
better characterize such defects, visualizing the outflow tracts is 
critical (see Figs. 9-37 and 9-38). In hypoplastic left heart syn
drome, the ascending aorta and aortic arch are very narrow in 
comparison with the pulmonary artery and ductus arteriosus.

OUTFLOW TRACTS
M any relatively common serious congenital heart defects may 
be missed entirely unless the outflow tracts are assessed. One 
example of such a condition is the tetralogy of Fallot, which 
consists of a ventricular septal defect (VSD), pulmonary steno
sis, and an aorta that overrides the VSD (e-Figs. 9-34 and 9-35). 
The fourth part of the tetralogy, hypertrophy of the right ven
tricle, develops postnatally. Transposition of the great arteries 
may also present with a completely normal four-chamber view. 
This disorder is recognized with the outflow tract views when 
the aorta and pulmonary artery run parallel to each other instead 
of crossing (e-Fig. 9-36). The aorta, which can be recognized 
from the shape of the arch, arises from the right ventricle and 
runs anterior to the main pulmonary artery, which arises poste
riorly from the left ventricle. A VSD is found in 40% of cases.

Abdomen
The fetal stomach should always be visualized after the first 
trimester. If the stomach is small or absent and does fill after 
30 to 60 minutes of observation, esophageal atresia should be 
suspected. In most cases, ultrasound also shows polyhydramnios 
that results from an inability of the fetus to swallow amniotic 
fluid normally (e-Fig. 9-37 and Video 9-2). An empty stomach 
in a fetus with anhydramnios is not suggestive of GI pathology 
but simply reflects the absence of fluid available for the fetus to 
swallow.

Duodenal atresia is usually easily diagnosed by third-trimester 
fetal ultrasound. The diagnosis is based on the demonstration of 
the “double bubble” sign in which adjacent cysts are seen that 
represent the fluid-filled dilated stomach and proximal duode
num (e-Fig. 9-38). Polyhydramnios is almost always seen in 
these cases, and trisomy 21 is present in 30%. Small bowel 
obstruction further along the intestinal tract is less common 
than duodenal atresia. Ultrasound in these cases shows mul
tiple actively peristalsing loops o f distended small bowel (e- 
Fig. 9-39 and Video 9-3). The degree o f polyhydramnios 
depends on the proximity o f the obstruction to the stomach.

Urinary Tract 
KIDNEYS
Bilateral renal agenesis is usually first suspected with ultra
sound when amniotic fluid is absent and the fetal bladder cannot 
be visualized (e-Fig. 9-40). The diagnosis is confirmed by the 
absence of kidneys in the renal fossae (e-Fig. 9-41). The diagnosis 
is sometimes difficult because the absent amniotic fluid makes 
adequate visualization of the fetal anatomy challenging and 
because the discoid-shaped adrenals can be confused with fetal 
kidneys. Transvaginal scanning can be very helpful because with 
no amniotic fluid, the fetus is often close to the upper vagina. 
Bilateral agenesis is invariably associated with pulmonary hypo
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plasia, which is the cause of death in liveborn infants. 
In this setting, ultrasound shows a small, bell-shaped chest 
(e-Fig. 9-42).

Infantile polycystic kidney disease is an autosomal-recessive 
disorder characterized by bilateral symmetric enlargement of the 
kidneys. In this condition, normal parenchyma is replaced by 
dilated collecting tubules that measure less than 2 mm in diam
eter. These cysts are not seen macroscopically with ultrasound 
but rather give the kidneys a markedly echogenic appearance 
(e-Fig. 9-43). In most cases, the kidneys are nonfunctioning in 
the fetus, and no bladder filling or amniotic fluid production 
occurs; these neonates die of pulmonary hypoplasia.

Multicystic dysplasia is a disorder with sporadic occurrence 
characterized by noncommunicating cysts of various sizes scat
tered randomly through the kidneys. The renal parenchyma 
between the cyst has an echogenic appearance (e-Fig. 9-44). The 
disorder can be bilateral, unilateral, or segmental. Affected 
kidneys may become quite large. This condition should be 
differentiated from hydronephrosis, in which the parenchyma 
is normal and a dilated renal pelvis communicates with 
dilated calyces. In bilateral multicystic dysplasia, urine is not 
produced, so the bladder is not visualized and no amniotic fluid 
is present. As with renal agenesis, unilateral disease is associated 
with normal bladder filling and amniotic fluid volume and has 
an excellent prognosis.

Varying degrees of dilation of the renal pelvis and calyces are 
seen with hydronephrosis (e-Fig. 9-45). The degree of dilation 
is recorded as the anterior-posterior (A-P) diameter of the renal 
pelvis (see e-Fig. 9-2). M ild dilation of the renal pelvis, termed 
pyelectasis or pelviectasis, is often a benign physiologic finding. 
However, i f  the A-P diameter is greater than 4 mm, referral 
for a targeted ultrasound and a follow-up ultrasound at 32  
weeks are recommended. If the pelvis measures 7 mm or 
more beyond 32 weeks, postnatal evaluation is indicated.82

These cutoffs were set in order to ensure a sensitivity of nearly 
100% for detecting any postnatal compromise or the need for 
surgery. Using these cutoffs, 20% to 50% of cases have normal 
kidneys at postnatal evaluation. Persistent hydronephrosis is 
most often caused by ureteropelvic junction obstruction or vesi
coureteral reflux. Dilated ureters signify the presence of severe 
vesicoureteral reflux (e-Fig. 9-46), bladder outlet obstruction, or 
ureterovesical junction obstruction. The latter condition is often 
associated with a duplicated collecting system. A ureterocele may 
form at the point of ureteral implantation into the bladder.

BLADDER
Bladder outlet obstruction is most commonly seen in male 
fetuses and is usually caused by posterior urethral valves. These 
are membranelike structures in the posterior urethra that cause 
varying grades of urethral obstruction. More complex malfor
mations that involve the urogenital tract may also cause bladder 
outlet obstruction and are more common when the affected 
fetus is a female. Sonographically, bladder outlet obstruction is 
diagnosed when the bladder is abnormally enlarged and normal 
emptying is not seen (e-Fig. 9-47). When the obstruction is 
severe, other findings include oligohydramnios, dilated ureters, 
hydronephrosis, and cystic dysplasia of the kidneys (e-Figs.
9-48 and 9-49). When complete urethral obstruction has 
been present from early in pregnancy, anhydramnios causes 
lethal pulmonary hypoplasia and ureteral reflux results in 
irreversible damage to the kidneys. Prune belly syndrome occurs 
in male fetuses and has the same sonographic appearance as

bladder outlet obstruction. W ith this condition, however, the 
impairment of bladder emptying is thought to result from a 
neuromuscular defect in the bladder and not physical obstruc
tion of the urethra.

Placenta and Umbilical Cord
UMBILICAL CORD INSERTION INTO THE ABDOMEN
Omphalocele is a ventral wall defect characterized by a 
membrane-covered herniation of the intraabdominal contents 
into the base of the umbilical cord. Bowel loops, stomach, and 
liver are the most frequently herniated organs (e-Fig. 9-50). 
W ith omphalocele comes a 75%  rate o f associated birth 
defects, and the karyotype is abnormal in 20%  o f cases/' 
These other problems account for most of the mortality associ
ated with this condition.

Gastroschisis is a right paraumbilical defect of the anterior 
abdominal wall associated with evisceration of the abdominal 
organs. Gastroschisis is distinguished from omphalocele by the 
fact that the umbilical cord inserts normally into the abdominal 
wall, and no membrane covers the herniated viscera (e-Fig.
9-51). Most commonly, only bowel loops are involved, but liver, 
stomach, and bladder may be outside the abdomen. Because of 
associated atresias or obstruction at the small abdominal wall 
ring, bowel loops and the stomach may be dilated inside or 
outside the abdomen. Gastroschisis is rarely associated with 
chromosome abnormalities and usually does not involve 
abnormalities outside o f the GI tract.84

NUMBER OF UMBILICAL CORD VESSELS
An attempt should be made to confirm that two arteries and a 
vein are present in the umbilical cord. In late pregnancy, this 
can be easily ascertained by looking at a transverse cut of the 
cord in a free loop (see Fig. 9-26). In the second trimester, two 
umbilical arteries are most easily confirmed by identifying the 
vessels as they course around the fetal bladder. These can be seen 
with gray-scale ultrasound but are made much more obvious 
with color Doppler ultrasound. A single umbilical artery is 
present in 1% o f all newborns. Because o f the 20%  incidence 
of associated malformations, this finding should prompt 
a detailed fetal survey. Several studies have suggested 
an increased risk o f growth restriction and stillbirth, so 
follow-up growth ultrasounds and testing for fetal well-being 
should be considered.

Spine
Normal transverse views of the spine show intact skin with the 
echocenters in an equilateral triangle (e-Fig. 9-52). Coronal 
views show these same lateral echocenters running parallel to 
each other (e-Fig. 9-53). W ith spina bifida, transverse views of 
the spine show widening of the lateral echocenters. A meningo
myelocele sac is usually present (e-Fig. 9-54). In coronal images, 
the ossification centers, which usually run a parallel course down 
the back, are widened in the area of the defect (e-Fig. 9-55). The 
meningomyelocele sac is also seen in a sagittal view (e-Fig. 9-56). 
The presence o f clubfoot and absence o f movement o f the 
lower extremities signify a poor prognosis for motor function 
o f the lower extremities.

Extremities
In most cases of confirmed skeletal dysplasia, the long bones 
are obviously abnormal, with measurements that fall far below 
the normal range. Concern sometimes arises when routine
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measurement of the femur gives a result several weeks less than 
expected for the gestational age. For most long bone nomo
grams, the lower confidence limit corresponds to “2 weeks 
behind” up to 28 weeks, and “3 weeks behind” beyond 28 
weeks. For this reason, when the femur is more than 2 or 3 
weeks less than expected, a detailed survey of fetal anatomy— 
especially of the long bones— is advisable. A femur/foot ratio 
close to 1 usually implies that the fetus is normal or merely 
constitutionally small.

Achondroplasia is the most common form o f skeletal dys
plasia and is associated with a normal life span. Ultrasound 
shows severe shortening of the long bones, a relatively large head 
with a protruding forehead, and polyhydramnios. Although this 
condition has autosomal-dominant inheritance, 80% of cases 
result from new mutations.

Thanatophoric dysplasia is the most common lethal skel
etal dysplasia. In this condition, extreme shortening of the long 
bones occurs (e-Figs. 9-57 and 9-58). The femur is often bowed, 
resembling an old-fashioned telephone receiver (e-Fig. 9-59). 
The fetus has a small, narrow chest that results in lethal pulmo
nary hypoplasia (e-Figs. 9-60 and 9-61), and the abdomen and 
head appear relatively enlarged. In about one in six cases, the 
head has a “cloverleaf” shape. Hydrocephalus, frontal bossing 
(e-Fig. 9-62), and polyhydramnios are common.

Over a dozen discrete forms of osteogenesis imperfecta exist, 
all characterized by abnormalities of the biochemical composi
tion of the bone matrix. The more severe forms are lethal, with 
hypoplastic lungs (e-Fig. 9-63), very short limbs with multiple 
fractures (e-Fig. 9-64), and demineralized bones (e-Fig. 9-65). 
More mild forms may show few or no fractures, bowing of the 
femurs, and limb lengths close to the normal range.

Clubfoot is best diagnosed with a coronal view of the lower 
leg, with the tibia and fibula both seen in a lengthwise section. 
A normal foot is perpendicular to this plane, but a clubfoot 
is turned down and in and is seen falling within the coronal 
plane (e-Fig. 9-66). It may be very difficult to diagnose clubfoot 
in the third trimester or in the presence of oligohydramnios.

Hydrops
The term hydrops refers to generalized edema in the neonate 
manifested by skin edema and accumulations of fluid in body 
cavities, including the pleural spaces, pericardium, and perito
neal cavity (e-Fig. 9-67). Prior to the introduction of Rh immune 
prophylaxis, most hydrops resulted from erythroblastosis fetalis 
(see Chapter 34). Currently, the great majority of cases of 
hydrops are from nonimmune causes. W ith improvement in 
diagnostic methods, the etiology of most cases of nonimmune 
hydrops can be determined. Box 9-3 lists the more common 
causes of nonimmune hydrops. In recent years it has become 
apparent that parvovirus infection is responsible for many of the 
cases of hydrops that were previously classified as “idiopathic” 
(see Chapter 53).

C L IN IC A L  V A L U E  O F BIRTH  
D E F E C T  S C R E E N IN G
It is surprisingly difficult to prove that prenatal ultrasound 
reduces morbidity or mortality in newborns with birth 
defects. The RADIUS study demonstrated similar outcomes in 
the control group and in the group with routine screening.67 
A randomized trial of routine ultrasound conducted in Finland 
demonstrated a decrease in perinatal mortality when routine

BOX 9-3 CAUSES OF HYDROPS FETALIS

• Twin-to-twin transfusion
• Chromosome abnormalities
• Structural heart defects
• Cardiac arrhythmia, especially tachyarrhythmia
• Cardiac tumor
• High-output failure from vascular malformation or tumor

• Sacrococcygeal teratoma
• Vein of Galen malformation
• Placenta chorangioma
• Twin reverse arterial perfusion sequence

• Fetal anemia
• Parvovirus infection
• Alpha-thalassemia
• Fetomaternal hemorrhage

• Other infection
• TORCH infections
• Syphilis

• Chest mass
• Congenital cystic adenomatoid malformation
• Pulmonary sequestration

TORCH, toxoplasmosis, other infections, rubella, cytom egalovirus, and 
herpes simplex.

ultrasound was used, but this was because most pregnancies with 
serious malformations were terminated, not because offspring 
from continued pregnancies did better.81 However, studies have 
shown an improved outcome when congenital heart defects were 
diagnosed with prenatal ultrasound.86,87 Although less critical, 
the prenatal diagnosis of urinary tract malformations can also 
lead to proper postnatal evaluation and treatment, presumably 
leading to improved long-term prognosis.8S Although definitive 
proof is scarce for most conditions, it seems self-evident 
that prenatal diagnosis has its advantages. For one, it gives 
parents the option o f pregnancy termination when serious 
malformations are diagnosed. Another advantage is that it 
allows families and caregivers time to gather complete infor
mation about the fetal problem so that practical and emo
tional preparations can be made. Plans can be made for 
delivery at the proper time at a high-risk perinatal center 
where the newborn can receive optimal care. When the 
mother delivers at the tertiary care center, there is no need 
to transport a potentially unstable newborn, and the mother 
and baby are not separated.

Routine ultrasound to screen for birth defects involves signifi
cant costs, but the cost per defect diagnosed is not out of line 
with other accepted screening tests. The cost/benefit ratio is 
much more favorable when exams are performed by sonogra- 
phers with good detection rates.89 Ideally, in offering a screening 
ultrasound, the obstetrician should inform the patients in 
general terms of the sensitivity of this test in the setting in which 
it is to be performed.

"E N T E R T A IN M E N T " U L T R A S O U N D  
E X A M IN A T IO N S
As previously noted, when birth defects are suspected, 3-D 
ultrasound can provide helpful images. In recent years, 3-D 
ultrasound has been increasingly offered to patients in a non
medical setting for entertainment or to provide keepsake images 
of the fetus. The use o f ultrasound for nondiagnostic
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purposes has been condemned by the AIUM and the
ACOG.65,90 Concerns raised in their policy statements include 
possible adverse bioeffects of ultrasound energy, the possibility 
that an examination could give false reassurance to women, and 
the fact that abnormalities may be detected in settings where 
personnel are not prepared to discuss and provide follow-up for 
concerning findings. The 2007 statement by the AIUM regard
ing the prudent use of ultrasound in obstetrics states, “The 
AIUM advocates the responsible use o f diagnostic ultrasound 
and strongly discourages the nonmedical use o f ultrasound 
for entertainment purposes. The use o f ultrasound without 
a medical indication to view the fetus, obtain a picture o f the 
fetus, or determine the fetal gender is inappropriate and 
contrary to responsible medical practice. Ultrasound should 
be used by qualified health professionals to provide medical 
benefit to the patient.”'̂
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The goal o f genetic screening is to identify individuals or 
couples at risk for having a child with an inherited condition, 
chromosome abnormality, or birth defect. Ideally, screening 
should take place before conception to ensure that couples are 
fully informed of their reproductive options, including preim
plantation genetic screening and diagnosis, or screening should 
be done as early as possible in pregnancy to allow couples the 
opportunity to consider aneuploidy screening and prenatal diag
nostic testing. Genetic screening begins with a thorough per
sonal and family history, followed by genetic counseling if  
indicated. Approximately 3% o f liveborn infants will have a 
major congenital anomaly; about one half o f these anomalies 
are detected at birth and are due to a genetic cause— a chro
mosome abnormality, single-gene mutation, or polygenic/ 
multifactorial inheritance. Less frequently, malformations may 
be due to nongenetic causes or teratogens (see Chapter 8). The 
detection of many congenital malformations is possible using 
ultrasonography and fetal echocardiography (see Chapter 9). 
Screening for aneuploidy, inherited disorders, and structural 
malformations is an integral part of routine obstetric care. When 
indicated and desired, amniotic fluid, placental tissue, and cord 
blood can be readily obtained and analyzed for chromosome 
abnormalities and genetic disorders. In this chapter, we review 
genetic history and counseling, common chromosome abnor
malities, aneuploidy screening and cytogenetic testing, mende- 
lian disorders, molecular carrier and diagnostic testing, and 
techniques for prenatal and preimplantation genetic diagnostic 
testing.

GENETIC HISTORY
Obstetricians/gynecologists should attempt to take a thor
ough personal and family history to determine whether a 
woman, her partner, or a relative has a heritable disorder, 
birth defect, mental retardation, or psychiatric disorder 
that may increase their risk o f having an affected off
spring. To address this question, some will find it helpful to 
elicit genetic information through the use of questionnaires or 
checklists.

The clinician should inquire into the health status of first- 
degree relatives (siblings, parents, offspring), second-degree rela
tives (nephews, nieces, aunts, uncles, grandparents), and 
third-degree relatives (first cousins, especially maternal). A posi
tive family history o f a genetic disorder may warrant referral 
to a clinical geneticist or genetic counselor who can accu
rately assess the risk o f having an affected offspring and 
review genetic screening and testing options. In some cases, 
it may be straightforward enough for the well-informed obstetri
cian to manage. For example, if  a birth defect such as a cleft lip 
and palate or neural tube defect (NTD) exists in a second- or 
third-degree relative, the risk for that anomaly will usually not 
prove substantially increased over that of the general population. 
In contrast, identification of a second-degree relative with an

autosomal-recessive disorder such as cystic fibrosis (CF) increases 
the risk for an affected offspring; therefore more extensive 
genetic counseling should be considered. Adverse reproductive 
outcomes such as repetitive spontaneous abortions, stillbirths, 
and anomalous liveborn infants should be noted. Couples who 
have such histories should undergo chromosome studies to 
exclude balanced translocations, which could impact a subse
quent pregnancy (see Chapter 27).

Parental ages should be recorded. Advanced maternal age 
confers an increased risk for aneuploidy.1'2 A few studies indicate 
an increased frequency of aneuploidy in sperm in the sixth and 
seventh decades. However, risks are only marginally increased 
above background, and data do not indicate that the risks of 
having aneuploid liveborns is increased based on paternal 
age. A paternal-age effect is associated with a small aggregate 
increased risk (0.3% to 0.5% or less in men over 40 years of 
age) for sporadic gene mutations for certain autosomal-dominant 
conditions such as achondroplasia and craniosynostosis. No spe
cific screening tests exist for anomalies associated with advanced 
paternal age, although some of these conditions may be detected 
by ultrasonography (see Chapter 9).

Ethnic origin should also be recorded because certain genetic 
diseases are increased in selected ethnic groups; this will be 
discussed in this chapter. Such queries also apply to gamete 
donors.

GENETIC COUNSELING
Although situations exist in which referral to a clinical geneticist 
or genetic counselor is indicated, it is impractical for obstetri
cians to refer all patients with genetic inquiries. Obstetricians 
should be able to counsel patients before performing screen
ing tests for aneuploidy and NTDs, carrier screening, and 
diagnostic procedures such as amniocentesis. Therefore salient 
principles of the genetic counseling process are described in this 
section.

Communication
Pivotal to counseling is communication in terms readily under
stood by patients. It is useful to preface remarks with a few 
sentences that recount the major causes of genetic abnormali
ties, such as cytogenetic, single-gene, polygenic/multifactorial 
(“complex”), and environmental causes (i.e., teratogens). W riting 
out unfamiliar words and using tables or diagrams to reinforce 
important concepts is helpful, and repetition is essential. Allow 
the couple not only to ask questions but also to talk with one 
another to formulate their concerns.

Preprinted information, videos, and select Web sites that 
cover common genetic conditions are useful and have the addi
tional advantage of emphasizing that the couple’s problem is not 
unique. For unique situations, the provision of detailed letters 
serves as a couple’s permanent record, and these help to allay 
misunderstanding and assist in dealing with relatives.
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Irrespective of how obvious a diagnosis may seem, confirma
tion is always obligatory. Accepting a patient’s verbal recollection 
does not suffice, nor would accepting a diagnosis made by a 
physician not highly knowledgeable about the condition. 
Medical records should be requested and reviewed. It may be 
necessary for an appropriate specialist to examine the affected 
individual and order confirmatory diagnostic tests; examining 
first-degree relatives may also be required to detect subtle find
ings. This is particularly applicable for autosomal-dominant 
disorders such as neurofibromatosis or Marfan syndrome, for 
which variable expressivity is expected. Accurate counseling 
requires a definitive diagnosis. However, the physician should 
not hesitate to acknowledge whether a definitive diagnosis 
cannot be established.

Nondirective Counseling
In genetic counseling, the clinician should provide accurate 
genetic information and outline the options for screening and 
testing without being prescriptive. O f course, completely non
directive counseling is probably unrealistic. Despite the difficul
ties of remaining truly objective, the clinician should attempt to 
provide information in a nondirective manner and then support 
the couple’s decision.

Psychological Defenses
If not appreciated, psychological defenses can impede the 
entire counseling process. Anxiety is low in couples counseled 
for advanced maternal age or for an abnormality in a distant 
relative. So long as anxiety remains low, comprehension of infor
mation is usually not impeded. However, couples who have 
experienced a stillborn infant, an anomalous child, or multiple 
repetitive abortions are inherently more anxious; thus their 
ability to retain information may be hindered.

Couples who experience abnormal pregnancy outcomes 
manifest the same five stages o f grief that occur after the 
death o f a loved one: (1) denial, (2) anger, (3) bargaining, 
(4) grief/depression, and (5) acceptance. Deference should be 
paid to this sequence by not attempting definitive counseling 
immediately after the birth of an abnormal neonate. The obste
trician should avoid discussing specific recurrence risks for fear

of adding to the immediate burden. By 4 to 6 weeks, the couple 
has begun to cope and is often more receptive to counseling.

An additional psychological consideration is that of parental 
guilt. A person naturally searches for exogenous factors that 
might have caused an abnormal outcome. In the process of such 
a search, guilt may arise. Conversely, a tendency to blame the 
spouse may be seen. Usually, guilt or blame is not justified, but 
occasionally the “blame” has a basis in reality (e.g., in autosomal- 
dominant traits). Fortunately, most couples can be assured that 
nothing could have prevented a given abnormality in their off
spring. Appreciating psychological defenses helps in understand
ing the failure of ostensibly intelligent and well-counseled 
couples to comprehend genetic information.

CHROMOSOME ABNORMALITIES
A basic fund of knowledge about common chromosome disor
ders is essential for the obstetrician who offers genetic screening 
for aneuploidy or who may encounter an abnormal fetus or 
infant during pregnancy or at delivery. W ith increasing utiliza
tion of chromosome microarrays for prenatal diagnosis, it is 
important for obstetricians to be familiar with the clinical 
significance of both numeric and structural chromosome 
abnormalities.

The incidence o f chromosome aberrations is 1 in 160 new
borns. In addition, more than 50% o f first-trimester sponta
neous abortions and at least 5% o f stillborn infants exhibit 
chromosome abnormalities (see Chapter 27). The chromo
some abnormalities that generate the greatest attention are the 
autosomal trisomies (Table 10-1). Autosomal trisomy usually 
arises as a result of nondisjunction that produces a gamete with 
24 chromosomes, rather than the expected 23 chromosomes; 
this results in a zygote having 47 chromosomes. This error 
most commonly occurs during maternal meiosis and is asso
ciated with the well-known maternal-age effect. Table 10-2 
shows the year-to-year (maternal age) increase in frequency of 
Down syndrome and other aneuploidies.1 The frequency is 
about 30% higher in midpregnancy than at term, which reflects 
lethality throughout pregnancy.2 Some trisomies— for example, 
trisomy 16— arise almost exclusively in maternal meiosis, usually

TABLE 10-1 INCIDENCE AND CLINICAL FEATURES OF MAJOR AUTOSOMAL TRISOMIES

AUTOSOMAL
TRISOMY

Trisomy 21

INCIDENCE 
LIVE BIRTHS

1 in 800

Trisomy 13

Trisomy 18

1 in 20,000

1 in 8000

CLINICAL FEATURES

Facial fea tu res : brachycephaly; oblique palpebral fissures; epicanthal folds; broad nasal bridge; protruding tongue;
small, low-set ears with an overlapping helix and a prominent antihelix; iridial Brushfield spots 

Skeletal fea tu res : broad, short fingers (brachymesophalangia); clinodactyly (incurving fifth finger resulting from an 
abnormality of the middle phalanx); a single flexion crease on the fifth digit; wide space between the first two toes 

Cardiac defects, duodenal atresia, neonatal hypotonia 
Increased susceptibility to respiratory infections and leukemia 
Mean survival extends into the fifth decade 
Mean IQ is 25 to 70
Holoprosencephaly, eye anomalies (microphthalmia, anophthalmia, or coloboma), cleft lip and palate, polydactyly, 

cardiac defects, cutaneous scalp defects, hemangiomata on the face or neck, low-set ears with an abnormal helix, 
and rocker-bottom feet (convex soles and protruding heels)

Intrauterine and postnatal growth restriction 
Severe developmental retardation
Facial fea tu res: microcephaly, prominent occiput, low-set and pointed “fawnlike” ears, micrognathia 
Skeletal anom alies: overlapping fingers (V over IV, II over III), short sternum, shield chest, narrow pelvis, limited 

thigh abduction or congenital hip dislocation, rocker-bottom feet with protrusion of the calcaneum, and a short 
dorsiflexed hallux (“hammer toe”)

Cardiac defects, renal anomalies
Intrauterine growth restriction, developmental retardation
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TABLE 10-2 MATERNAL AGE AND CHROMOSOMAL 
ABNORMALITIES (LIVE BIRTHS)*

MATERNAL RISK FOR DOWN
RISK FOR ANY  
CHROMOSOME

AGE SYNDROME ABNORMALITIES

20 1/1667 1/526*
21 1/1667 l/526f
22 1/1429 l/500f
23 1/1429 l/500f
24 1/1250 l/476+
25 1/1250 l/476+
26 1/1176 1/4761
27 1/1111 l/455+
28 1/1053 l/435f
29 1/1100 1/417+
30 1/952 l/384+
31 1/909 l/385t
32 1/769 l/322f
33 1/625 l/317f
34 1/500 1/260
35 1/385 1/204
36 1/294 1/164
37 1/227 1/130
38 1/175 1/103
39 1/137 1/82
40 1/106 1/65
41 1/82 1/51
42 1/64 1/40
43 1/50 1/32
44 1/38 1/25
45 1/30 1/20
46 1/23 1/15
47 1/18 1/12
48 1/14 1/10
49 1/11 1/7

Data from Hook EB. Rates of chromosome abnormalities at different maternal 
ages. Obstet Gynecol. 1981 ;58:282; and Hook EB, Cross PK, Schreinemachers DM. 
Chromosomal abnormality rates at amniocentesis and in live-born infants. JAMA. 
1983;249:2034.
^Because sample size for some intervals is relatively small, confidence limits are sometimes 
relatively large. Nonetheless, these figures are suitable for genetic counseling.
+47,XXX excluded for ages 20 to 32 years (data not available).

maternal meiosis I. For a few chromosomes, the frequency of 
errors is relatively higher in meiosis II (e.g., trisomy 18), and in 
yet others, errors in paternal meiosis are not uncommon (e.g., 
trisomy 2). Autosomal trisomy can recur and has a recurrence 
risk o f approximately 1% following either trisomy 18 or 21. 
This suggests that genetic factors perturb meiosis, a phenome
non that serves as justification for offering prenatal genetic 
screening or testing after one aneuploid conception.

In addition to numeric abnormalities, structural chromo
some abnormalities such as translocations, deletions, and 
duplications can occur. Individuals with a balanced transloca
tion caused by an interchange between two or more chro
mosomes are usually phenotypically normal. However, such 
individuals are at increased risk for offspring with unbalanced 
gametes, which may result in recurrent pregnancy loss, fetal 
demise, congenital anomalies, and mental retardation. Small, 
often submicroscopic deletions and duplications of chromosome 
material can result in recognizable syndromes, such as the 
2 2 q l l  deletion syndrome, and may cause structural malforma
tions as well as cognitive, behavioral, and neuropsychological 
problems.

This section reviews the common autosomal trisomies and 
sex chromosome abnormalities an obstetrician is likely to 
encounter, and we discuss the clinical significance of deletions 
and duplications.

FIG 10-1 An infant with trisomy 21. (From Simpson JL, Elias S. Genet
ics in Obstetrics and Gynecology, ed 3. Philadelphia: WB Saunders; 
2003:24.)

A u to s o m a l T r is o m y  
Trisomy 21
Trisomy 21, or Down syndrome, is the most frequent auto
somal chromosome syndrome with characteristic craniofacial 
features and congenital anomalies (Fig. 10-1; see also Table
10-1). The relationship of Down syndrome to advanced mater
nal age is well known (see Table 10-2). Approximately 95% of 
cases arise in maternal meiosis, usually meiosis I, and have 47 
chromosomes (47,XX,+21 or 47,XY,+21). Mosaicism for chro
mosome 21 occurs in 2% to 4% of cases of Down syndrome 
and usually results in a higher IQ  (70 to 80). Women with 
Down syndrome are usually fertile, and although relatively few 
trisomic mothers have reproduced, about 30% of their offspring 
are also trisomic. Men are invariably infertile.

Translocations (sporadic or familial) most commonly 
associated with Down syndrome involve chromosomes 14  
and 21. One parent may have the same translocation, 
45 t(l4q ;21q), referred to as a robertsonian translocation. Empiric 
risks for having an offspring with Down syndrome are 
approximately 10%  for female robertsonian translocation 
carriers and 2%  for male translocation carriers. A potential 
concern is that offspring who are diploid (46,XX or 46,XY) 
actually have uniparental disomy (UPD), a condition in 
which both chromosomes originate from the same parent. In a 
study of 65 robertsonian translocation carriers (44t[13q ;l4q ], 
1 lt [l4 q ;2 1 q ], 4 t[l4q ;22 q ], and six others), only one UPD case 
was observed (0.6% ).3 The authors also surveyed 357 inherited 
and 102 de novo published cases and concluded that overall risk 
for UPD 14 or 15 was 3%.

Other structural rearrangements that result in Down syn
drome include t(21q;21q) and translocations that involve chro
mosome 21 and other acrocentric chromosomes (13,15 or 22). 
In t(21q;21q) carriers, normal gametes do not ordinarily form. 
Thus only trisomic or monosomic zygotes are produced, and the
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latter presumably appear as preclinical embryonic losses. Parents 
who have other translocations have a low empiric risk of having 
offspring with Down syndrome.

Trisomy 13
Trisomy 13 occurs in about 1/20,000 live births. The clinical 
features of trisomy 13 are summarized in Table 10-1. Most cases 
are caused by nondisjunction (47,XX,+13 or 47,XY,+13) and 
are maternal in origin. Robertsonian translocations are respon
sible for fewer than 20% of cases and are invariably associated 
with two group D (13 to 15) chromosomes joining at their 
centromeric regions. If neither parent has a rearrangement, the 
risk for subsequent affected progeny is not increased. If either 
parent has a balanced 13q ;l4q  translocation, the recurrence risk 
for an affected offspring is increased but only to 1% to 2%. The 
exception is a 13q;13q parental translocation in which no 
normal gametes are formed; this has the same dire prognosis as 
a 21q;21q translocation. For live births with trisomy 13, survival 
beyond 3 years is rare.

Trisomy 18
Trisomy 18 occurs in 1 per 8000 live births (see Table 10-1). 
Stillbirth is not uncommon. Fetal movement is feeble, and 
approximately 50% develop nonreassuring fetal status during 
labor. For live births, mean survival is measured in months, 
and pronounced developmental and growth retardation is 
apparent. Approximately 80% of trisomy 18 cases are caused 
by primary nondisjunction (47,+18). Errors usually arise in 
maternal meiosis, frequently meiosis II. Recurrence risk is 
about 1%.

Other Autosomal Trisomies
All autosomes show trisomies, but usually the trisomies other 
than those described above end in abortuses. In addition to 
trisomies 13, 18, and 21, only a few other trisomies are detected 
in liveborns (8, 9, 14, 16, and 22), often as mosaics in conjunc
tion with a normal cell line (46 chromosomes). All exhibit some 
degree of mental retardation, various structural anomalies, and 
intrauterine growth restriction (IUGR).

A u to s o m a l D e le tio n s  and  D u p lic a tio n s
Well-described genetic disorders have been associated with 
deletions or duplications o f a number o f chromosomes (Table
10-3). Although some o f these may be diagnosed on a routine 
karyotype, most will only be detected by microarray analysis

(MA) capable o f detecting deletions and duplications smaller 
than 5 Mb (5,000,000 base pairs). Over 210 microdeletions 
and almost 80 microduplications have been reported as a result 
of the increased utilization of MA.4 Specific clinical features vary 
but may include learning difficulties, mental retardation, neuro
logic and behavioral disorders, psychiatric disorders, and various 
congenital anomalies. De novo, large (1 Mb or greater) deletions 
or duplications, also referred to as copy number variants (CNVs), 
may contain dosage-sensitive genes and are more likely to be of 
clinical significance; however, even small CNVs can be signifi
cant. A growing body of literature and registries have compiled 
data on the outcomes of postnatal and prenatally ascertained 
CNVs. MA has been recommended as a first-tier test for the 
postnatal evaluation of individuals with undiagnosed develop
mental delay, intellectual disabilities, autism spectrum disorder, 
and/or multiple congenital anomalies based on a review of 33 
studies showing that pathogenic CNVs were found in 12.2% of 
the 21,698 individuals studied (10% higher than with routine 
karyotype).5 It is also important to recognize that many CNVs 
are of no ostensible clinical significance. In some cases, the clini
cal significance remains unknown; these CNVs are referred to 
as variants o f  uncertain significance (VOUS).

Most deletions and duplications occur sporadically 
because o f nonallelic homologous recombination mediated 
by low-copy repetitive sequences o f DNA during meiosis or 
mitosis and are not related to parental age. Hence, although 
the recurrence risk is low (<1%), it still may be elevated above 
baseline as a result o f germline mosaicism. Thus a couple may 
be prompted to consider prenatal testing in a future pregnancy. 
However, CNVs can be familial; therefore parental studies are 
recommended. If a parent has the same CNV as one child, the 
risk to subsequent offspring is 50%. It is important to note 
that the phenotype o f many deletion and duplication 
syndromes is highly variable, and even within the same 
family, this can range from mild to severe. In some cases, a 
parent may appear phenotypically normal. The inability to accu
rately predict the outcome can lead to uncertainty and height
ened anxiety; thus it is critically important that patients receive 
the most up-to-date information from an experienced counselor 
or geneticist.

S ex C h ro m o s o m e  A b n o rm a lit ie s  
Monosomy X (45,X)
The incidence of 45,X in liveborn girls is about 1 in 10,000. 
Monosomy X, or Turner syndrome, accounts for 10%  o f all

TABLE 10-3 COMMON DELETION SYNDROMES

CHROMOSOME REGION SYNDROME

4pl6 .3 Wolf-Hirschhorn

5P15.2 Cri du chat
7q l 1.23 Williams

15ql 1.2ql3 Prader-Willi
Angelman

17pl 1.2 Smith-Magenis

20pl2 Alagille
22ql 1.2 DiGeorge

(velocardiofacial)

CLINICAL FEATURES

IUGR, failure to thrive, microcephaly, developmental delay, hypotonia, cognitive deficits, seizures, 
cardiac defects, GU abnormalities 

Microcephaly, SGA, hypotonia, catlike cry, cardiac defects
Supravalvular aortic stenosis, hypercalcemia, developmental delay, mild to moderate intellectual 

disability, social personality, attention-deficit disorder, female precocious puberty 
Prader-W illi: Hypotonia, delayed development, short stature, small hands and feet, childhood obesity, 

learning disabilities, behavioral problems, delayed puberty 
Angelman: Developmental delay, intellectual disability, impaired speech, gait ataxia, happy personality, 

seizures, microcephaly
Mild to moderate intellectual disability, delayed speech and language skills, behavioral problems, 

short stature, reduced sensitivity to pain and temperature, ear and eye abnormalities 
Bile duct paucity, peripheral pulmonary artery stenosis, cardiac defects, vertebral and GU anomalies 
Cardiac defects, hypocalcemia, thymic hypoplasia, immune defect, renal and skeletal anomalies, 

delayed speech, learning difficulties, psychological and behavioral problems

GU, genitourinary; IUGR, intrauterine growth restriction; SGA, small for gestational age.
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first-trimester abortions; therefore it can be calculated that 
more than 99%  o f 45 ,X conceptuses are lost early in preg
nancy. The error usually (80%) involves loss of a paternal sex 
chromosome. Mosaicism is frequent and usually involves a coex
isting 45,X cell line.

Common features include primary ovarian failure, absent 
pubertal development due to gonadal dysgenesis (streak 
gonads), and short stature (<150 cm). Structural abnormali
ties of the X chromosome may also result in premature ovarian 
failure. Both the long arm and the short arm of the X chro
mosome contain determinants necessary for ovarian differentia
tion and for normal stature. Various somatic anomalies include 
renal and cardiac defects, skeletal abnormalities (cubitus valgus 
and clinodactyly), vertebral anomalies, pigmented nevi, nail 
hypoplasia, and a low posterior hairline. Performance IQ is 
lower than verbal IQ, but overall IQ is considered normal. 
Adult-onset diseases include hypertension, coronary artery 
disease, hypothyroidism, and type 2 diabetes mellitus.

Low-dose estrogen therapy is needed to induce puberty, and 
long-term hormone replacement is needed in adulthood. Preg
nancy may be achieved with the use of donor eggs but requires 
careful monitoring of cardiovascular status before and through
out pregnancy and in the postpartum period. Growth hormone 
treatment increases the final adult height 6 to 8 cm. Compre
hensive guidelines for evaluation and clinical management of 
Turner syndrome are available.6

Klinefelter Syndrome
About 1 in 1000 males are born with Klinefelter syndrome, 
the result o f two or more X chromosomes (47,XXY; 48,XXXY; 
and 49,XXXXY). Characteristic features include small testes, 
azoospermia, elevated follicle-stimulating hormone (FSH) 
and luteinizing hormone levels, and decreased testosterone. 
The most common chromosome complement associated with 
this phenotype is 47,XXY.

Mental retardation is uncommon in 47,XXY males, but 
behavioral problems and receptive language difficulties are 
common. Mental retardation is almost invariably associated with 
48.XXXY and 49,XXXXY. Skeletal, trunk, and craniofacial 
anomalies occur infrequently in 47,XXY but are commonly 
observed in 48,XXXY and 49,XXXXY. Regardless of the specific 
chromosome complement, patients with Klinefelter syndrome 
all have male phenotypes. The penis may be hypoplastic, but 
hypospadias is uncommon. W ith intracytoplasmic sperm injec
tion and other assisted reproductive technology (ART), siring a 
pregnancy is now possible. Simpson and colleagues and Graham 
and colleagues8 have provided guidelines on evaluation and 
clinical management.

Polysomy X in Girls (47.XXX; 48.XXXX; 49.XXXX)
About 1 in 800 liveborn girls has a 47, complement. The IQ
of such individuals is 10 to 15 points lower than that of their 
siblings. The absolute risk for mental retardation does not exceed 
5% to 10%, and even then, IQ is usually 60 to 80. Most of 
these individuals have a normal reproductive system. The theo
retic risk of women with the 47, complement delivering an 
infant who also has an abnormal chromosome complement is 
50%, given half of the maternal gametes carry 24 chromosomes 
(24,XX). Empiric risks are much less. Somatic anomalies are 
uncommon in those with the 47, complement, but anomalies 
may occur and have been observed in some prenatally detected 
cases.9 However, 48,XXXX and 49.XXXXX individuals are

TABLE 10-4 ANEUPLOIDY SCREENING TESTS

TRISOMY 21
DETECTION FALSE-POSITIVE

SCREENING TEST RATE <%) R A T E (%)

First-trimester NT, PAPP-A, 82 to 87 5
free P-hCG

Second-trimester quad 81 5
(MSAFP, hCG, uE3, INHA)

Sequential (first- and 95 5
second-trimester quad)

Serum integrated (PAPP-A, 85 to 88 5
quad screen)

cfDNA 99 <1

Data from American College of Obstetricians and Gynecologists Committee on Practice 
Bulletins: screening for fetal chromosomal abnormalities, ACOG Practice Bulletin 77, 
2007.
cfDNA, cell-free DNA; hCG, human chorionic gonadotropin; INHA, inhibin A; MSAFP, 
maternal serum alpha-fetoprotein; NT, nuchal translucency; PAPP-A, pregnancy- 
associated plasma protein A; uE3, unconjugated estriol.

invariably retarded and are more likely to have somatic malfor
mations than individuals with the 47, complement.

Polysomy Y in Boys (47.XYY and 48.XXYY)
Presence of more than one Y chromosome is another frequent 
chromosome abnormality in liveborn boys (1 in 1000). Those 
born 47,XYY are more likely than 46,XY boys to be tall 
and are at increased risk for learning disabilities, speech and 
language delay, and behavioral and emotional difficulties. 
These individuals have normal male phenotype and sexual 
development.

S c re e n in g  fo r  A n e u p lo id y
Noninvasive screening for chromosome disorders such as triso
mies 21 and 18 is routinely offered to women during pregnancy 
regardless of maternal age. Several noninvasive approaches to 
screening are available that utilize maternal serum analytes and/ 
or ultrasonography in the first and second trimesters (Table
10-4). More recently, noninvasive prenatal testing (NIPT) using 
cell-free DNA (cfDNA) has been introduced into clinical prac
tice and can be performed as early as 10 weeks’ gestation. 
However, screening has limitations that must be taken into 
consideration when deciding which testing strategy best meets 
the patient’s needs and preferences. That is, s c r e en in g  is not 
equivalent to testing, which implies a definitive answer. 
Pretest counseling should thus remind parents of the possibilities 
of false-negative or false-positive test results. Women with a 
positive screening test for aneuploidy should be referred for 
genetic counseling and offered an invasive diagnostic test.

First-Trimester Screening
First-trimester screening can be performed between 11 and
14  weeks using a combination o f biochemical markers, 
pregnancy-associated plasma protein A (PAPP-A) and free 
p-human chorionic gonadotropin (|3-hCG), and ultrasound 
measurement o f the nuchal translucency (NT), a sonolucent 
space present in all fetuses behind the fetal neck. The detec
tion rate for trisomy 21 is greater than 80%  with a false- 
positive rate o f 5% compared with a 70%  detection rate 
based on NT measurement alone.10 In trisomy 21, PAPP-A 
levels are typically reduced, whereas hCG and the NT measure
ment are increased. First-trimester screening is comparable or
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TABLE 10-5 DETECTION RATES IN THE NATIONAL 
INSTITUTE OF CHILD HEALTH 
AND HUMAN DEVELOPMENT 
BIOCHEMISTRY ULTRASOUND NUCHAL 

____________TRANSLUCENCY STUDY*_______________

DETECTION RATE FALSE-POSITIVE
MATERNAL AGE TRISOMY 21 (%) RATE (%)

<35 yr 66.7 3.7
>35 yr 89.8 15.2
Total 85.2 9.4
Modeling for U.S.

population (mean) 78.7 5
27 yr_________________________ 6^9_____________________ 1

From Wapner R, Thom E, Simpson JL, et al. First trimester screening for trisomies 21 
and 18. N  Engl J  M ed. 2003:349:1405.
'  [lie National Institute of Child Health and Human Development first-trimester only 
screening (nuchal translucency, pregnancy-associated plasma protein A, free P-human 
chorionic gonadotropin) cohort of Wapner and colleagues. The sample of 8515 
pregnancies prospectively applied a cutoff of 1/270. Detection rate increases with 
prevalence (increased maternal age) albeit at the cost of more procedures. Because 
the mean maternal age was 34.5 years, data were then modeled to apply to the U.S. 
population (whose mean maternal age is 27 years) at a 5% to 1 % false-positive rate.

superior to second-trimester screening alone and, most 
importantly, it provides parents with the option o f earlier 
diagnostic testing in the event the screen indicates that the 
fetus is at high risk for aneuploidy. However, mandatory 
training and quality assurance for the NT measurement is a 
critical necessity.

Several large, multicenter, prospective studies have validated 
the clinical application of first-trimester screening. W hen com
paring studies, it is important to keep in mind that detection 
rates vary according to sample characteristics. In particular, sen
sitivity for noninvasive screening is age dependent, and software 
is constructed such that the proportion of cases detected at a 
given age is greater for older women than for younger women. 
Hence the false-positive rate and the related procedure rate also 
increase with maternal age. Detection rates also depend not just 
on the trimester but on the week of gestation and on the arbi
trarily set false-positive rate. If more procedures are accepted 
(i.e., the false-positive rate is higher), detection rates increases. 
The converse is also true.

In the first U.S. large-scale, prospective study of over 5800 
women using both ultrasound (NT) and serum analytes (PAPP- 
A, free (5-hCG), the detection rate for trisomy 21 was 87.5% (7 
of 8 cases) in women younger than 35 years of age. In women 
older than 35 years, the detection rate was 92% (23 of 25), albeit 
with higher false-positive and invasive procedure rates. For 
trisomy 18, detection rates were 100% in both age groups.11 In 
2003, an National Institute o f Child Health and Human 
Development (NICHD) multicenter cohort study, the Bio- 
chemstry Ultrasound Nuchal Translucency (BUN) Study, 
reported results in 85 14  women screened between 74  and 97  
days’ gestation (Table 10-5).12 Applying the traditional m idtri
mester screen positive cutoff of 1 in 270, 85.2% of trisomy 21 
pregnancies were identified with a false-positive rate of 9.4%. 
The high false-positive rate was predictable, given the higher 
mean maternal age of the sample. Stratifying by age, the detec
tion rate for trisomy 21 was 66.7%  for patients younger than 
age 35 years with a 3.7% false-positive rate, and it was 89.8% 
in patients older than age 35 years with a 15.2% false-positive 
rate. The detection rate for trisomy 18 was 90.9%. Modeling for 
the general population (with a lower mean age) and setting a

TABLE 10-6 DETECTION RATES IN THE NATIONAL 
INSTITUTE OF CHILD HEALTH AND 
HUMAN DEVELOPMENT FIRST- AND 
SECOND-TRIMESTER EVALUATION OF 
RISK (FASTER) TRIAL

TRISOMY 21
DETECTION

TESTS* R A T E (%)

First Trimester (Free p-hCG, PAPP-A, NT)
11 weeks 87
12 weeks 85
13 weeks 82
Second Trimester (15 to 18 weeks)
AFP, uE3, total hCG (“triple test”) 69
AFP, uE3, total hCG, inhibin A (“quad test”) 81
First Plus Second Trimester (PAPP-A, NT, AFP, uE3,
hCG, inhibin A)
Disclosure of first-trimester results 95
Nondisclosure of first-trimester results 96
Serum screening only 88

From Malone FD, Canick JA, Ball RH, et al. First-trimester or second-trimester 
screening or both for Down’s syndrome. N  Engl J  M ed. 2005;353:2001.
*If first-trimester ultrasound revealed septated cystic hygromas, intervention was taken 
(chorionic villus sampling was offered). Otherwise results were not disclosed until after 
second-trimester screening. Compiled data were then used to compare detection rates 
that would have occurred given various approaches, all at 5% false-positive (procedure) 
rates for each.
AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; NT, nuchal translucency; 
PAPP-A, pregnancy-associated plasma protein A; uE3, unconjugated estriol.

false-positive procedure rate of 5%, sensitivity for trisomy 21 
was estimated to be 78.7%; at a false-positive rate of 1%, the 
sensitivity was estimated to be 63.9%. These findings were con
sistent with other studies.

Two other large, collaborative studies also have provided 
results comparable to the NICHD BUN study. The Serum, 
Urine, and Ultrasound Screening Study (SURUSS) was a 
25-center European trial13 in which 47,000 patients were evalu
ated in both the first and second trimesters. Using a similar 
design, Malone and colleagues14 studied 38,167 women in
15 U.S. centers in the NICHD First- and Second-Trimester 
Evaluation of Risk (FASTER) trial. Detection rates for Down 
syndrome were 87% at 11 weeks and 85% at 12 weeks (Table
10-6). In this study, 134 women who had fetuses with a septated 
cystic hygroma were removed from the cohort; 51% had a 
chromosome abnormality and 34% had other major abnor
malities.15 The group later stratified their data and found that 
NT greater than 4 mm was n ev er  associated with a normal 
noninvasive screen; therefore women with an NT that 
exceeded this threshold should be offered diagnostic testing 
without needing to undergo further analyte analysis.1'' In 
fact, only 8% of pregnancies with NT greater than 3 mm had 
a screen-negative value.

Nicolaides10 tabulated that NT, PAPP-A, and hCG detected 
87% of 215 trisomy fetuses at a false-positive rate of 5%. Later 
results of Avgidou and colleagues17 reported superior results 
from the same U.K. group. This group screened 30,564 women 
with NT, PAPP-A, and hCG, providing results the same day and 
detecting 93% of trisomy 21 cases. The incorporation of the 
other sonographic markers such as the presence of a nasal bone, 
reverse ductus venosus flow, and tricuspid regurgitation has been 
proposed to increase the detection rates further. In general these 
markers are not utilized except in specialized centers.

When an increased NT measurement is associated with a 
normal karyotype, fetal loss rates are increased and other fetal
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anomalies and genetic syndromes are observed, in particular, 
congenital heart defects.18 A targeted ultrasound examination 
during the second trimester and fetal echocardiography are 
recommended when the NT measurement is 3.5 mm or 
greater and the fetal karyotype is normal.

Second-Trimester Serum Screening
The most widely used second-trimester aneuploidy screening 
test is the so-called quad screen, which utilizes four bio
chemical analytes— alpha-fetoprotein (AFP), hCG, unconju
gated estriol (uE3), and dimeric inhibin A (INFLA). Performed 
between 15 and 22 weeks’ gestation, the detection rate for 
trisomy 21 is about 75%  in women who are less than 35 years 
of age and over 80% in women 35 years or older, with a 
false-positive rate o f 5%. For trisomy 18, using only the first 
three markers provides a detection rate of about 70%. Serum 
screening does not detect other age-related forms of aneuploidy 
such as Klinefelter syndrome (47,XXY).

Serum hCG and INHA levels are increased in women car
rying fetuses with Down syndrome.11 Levels o f AFP and uEs 
in maternal serum are lower in pregnancies affected with 
Down syndrome compared with unaffected pregnancies. 11 
Typically, levels of AFP, uE3, and hCG are reduced in trisomy 
18. A simple approach to detect trisomy 18 is to offer invasive 
prenatal diagnostic testing whenever serum screening for each 
of these three markers falls below certain thresholds (maternal 
serum a-fetoprotein [MSAFP], 0.6 multiples of the median 
[MoM]; hCG, 0.55 MoM; uE3, 0.5 M oM ).21 Using these 
thresholds would detect 60% to 80% of trisomy 18 fetuses with 
a 0.4% amniocentesis rate. Calculating individual risk estima
tion on the basis of three markers and maternal age, Paiomaki 
and colleagues22 reported that 60% of trisomy 18 pregnancies 
can be detected with a low false-positive rate of 0.2%. The value 
of individual risk estimates is that one in nine pregnancies iden
tified as being at increased risk for trisomy 18 by serum screening 
would actually be affected.

Confounding factors influence serum screening, and adjust
ments for gestational age, maternal weight, ethnicity, diabetes, 
and number of fetuses are necessary. Weight adjustment is 
needed because without adjustment, dilutional effects would 
result in heavier women having a spuriously low value, whereas 
thinner women would have a spuriously elevated value. In 
women with type 1 diabetes mellitus, a population at increased 
risk for NTDs, the median levels of MSAFP, uE3 and hCG are 
lower than in nondiabetic women. In black women, who have 
a lower risk for a fetal NTD, the median MSAFP is higher than 
in other ethnic groups. Maternal smoking increases MSAFP by 
3% but decreases maternal serum uE3 and hCG levels by 3% 
and 23%, respectively.23 Maternal serum hCG is higher and 
MSAFP is lower in pregnancies conceived in vitro compared 
with pregnancies conceived spontaneously.23 A claim has been 
made that adjustments should be made for prior aneuploidy; 
p-hCG is reported to be 10% higher in a pregnancy after 
aneuploidy, whereas PAPP-A is increased 15% in the first 
trimester.24

First- and Second-Trimester Screening
Several approaches have been proposed using the com
bination o f both first- and second-trimester screening to 
increase the detection rate over that achieved by screening in 
either trimester alone, with detection rates o f 88%  to 96%  
with false-positive rates o f 5% reported. A caveat is that

independent screening (i.e., using both first- and second- 
trimester screening tests to assess the risk separately and inde
pendently) is not recommended because of the unacceptably 
high false-positive rates.

Sequential screening begins with first-trimester screening. A 
woman is informed of the adjusted risk for aneuploidy based 
on the first-trimester results. If her risk is high (greater than 1 
in 50), she is offered genetic counseling and diagnostic testing. 
If the risk is low or moderate, a second-trimester screening test 
is performed with results of both the first- and second-trimester 
screening tests used to generate a final adjusted risk for trisomies 
21 and 18. This is called the s tepw ise  approa ch . W ith contin
gency screening, not all women will proceed to second- 
trimester screening because this occurs only with an 
intermediate risk; i f  the risk is low after the first-trimester 
screening, no further testing is indicated. The detection rates 
of the contingency approach are about 90% with low positive 
screening rates (2% to 3%). Malone and colleagues25 compared 
several different first- plus second-trimester contingent sequen
tial approaches (see Table 10-5). They concluded that the 
optimal method was contingency screening, in which patients 
were divided into three groups: (1) women whose calculated 
(NT, PAPP-A, hCG) first-trimester risk was greater than 1/30 
would undergo chorionic villus sampling (CVS); (2) women 
whose risk was less than 1/1500 would undergo no further 
testing; and (3) all other women would undergo second-trimester 
serum testing. Using this approach, only 21.8%  of the cohort 
would need second-trimester testing in order to detect 93% of 
trisomy 21 cases with a 4.3% false-positive rate; 65% would be 
detected in the first trimester with only 1.5% of patients having 
CVS procedures.

Integrated screening has the highest theoretic detection 
rate (93% to 96%), but with this approach, the first-trimester 
screening results are withheld until the second-trimester 
screen is completed. The individual receives only a single 
adjusted risk for trisomy 21 and trisomy 18 based on the results 
of both the first- and second-trimester screen. The obvious 
disadvantage with this approach is that the individual does 
not have an option of early diagnostic testing in the event that 
the first-trimester screen would have indicated a high risk for 
trisomy 21 or 18. Another is that patients may not return 
for their second-trimester screening. Fortunately, Cuckle and 
colleagues26,27 showed that disclosure of first-trimester results 
could be made with very little loss in sensitivity of integrated 
screening.

When an NT measurement cannot be obtained, and in com
munities where NT measurement is not available, serum inte
grated screening is acceptable. In the FASTER trial, the sensitivity 
was 88% .14 W ith this approach, the first-trimester PAPP-A and 
the second-trimester serum analytes are used to adjust the risk 
for trisomy 21, and the individual receives one adjusted risk after 
the second-trimester screen is completed.

Cell-Free DNA Analysis
The newest screening test for aneuploidy uses maternal cell- 
free DNA (cfDNA). Maternal plasma contains small fragments 
of cfDNA (50 to 200 base pairs) derived from the breakdown 
of both maternal and fetal cells, primarily derived from the 
placenta. The concept of using cfDNA for prenatal diagnosis is 
not new; cfDNA has been used successfully to determine fetal 
sex in pregnancies at risk for X-linked disorders by identifying 
the Y-chromosome signal. In Europe, noninvasive testing is
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commonly used to determine fetal Rhesus factor (Rh) status in 
RhD-negative women using real-time polymerase chain reaction 
(PCR) amplification. A similar approach can be adapted for the 
detection of some single-gene disorders. However, to screen for 
aneuploidy requires a different approach— the use of massively 
parallel DNA shotgun sequencing (MPSS).

The detection of aneuploidy is more difficult than for single
gene disorders because detecting fetal trisomy must reflect quan
titative differences between affected and unaffected pregnancies. 
W ith MPSS technology, millions of fragments of maternal and 
fetal DNA are sequenced simultaneously in a single sample of 
maternal plasma, which is assigned to a chromosome region 
and counted. A woman carrying a trisomy 21 fetus will have 
relatively more chromosome 21 counts than a woman carrying 
a normal fetus. Alternatively, some laboratories use a targeted 
approach that sequences specific chromosomes of interest, 
such as 18 and 21, and adjusts for the proportion of fetal DNA 
(fetal fraction) to provide a patient-specific risk assessment that 
takes into account maternal age. An alternative approach is to 
use single nucleotide polymorphism (SNP)-based sequencing, 
which allows for the detection of triploidy and some of the 
common deletion syndromes.

Several studies have demonstrated the ability to detect 
fetal trisomy 21 using MPSS. A blinded, nested, case-control 
study of 4664 pregnancies at increased risk for trisomy 21 from
27 prenatal diagnostic centers worldwide validated the use of 
cfDNA analysis as a screening test for trisomy 21. In this study, 
209 of 221 cases of trisomy 21 were detected; sensitivity 
was 98.6% with a false-positive rate of 0.2% .28 Subsequently, 
Palomaki and colleagues29 reported that all cases of trisomy 18 
in this cohort were detected with a false-positive rate of 0.28%, 
but only 91.7% of the cases of trisomy 13 were detected with a 
false-positive rate of 0.97%.

Norton and colleagues30 conducted a multicenter, prospective 
cohort study—the Noninvasive Chromosomal Evaluation 
(NICE) study—of over 3200 primarily high-risk women under
going invasive diagnostic testing. For trisomy 21, the sensitivity 
was 100% with a false-positive rate of 0.03% , whereas the sen
sitivity for trisomy 18 was 97.4% and the false-positive rate was 
0.07%. Two patients were classified as high risk for trisomy 18 
and had a normal karyotype; this highlights the need for con
firmatory diagnostic testing when an NIPT is positive or shows 
high risk for aneuploidy. Further, 29% of the chromosome 
abnormalities in this cohort were abnormalities other than 
trisomy 18 and 21 or were sex chromosome abnormalities such 
as unbalanced translocations, deletions, and duplications.

In a series of 1982 consecutive pregnancies at 12 weeks’ gesta
tion or greater referred for NIPT at a center in Hong Kong, 11 
pregnancies screened positive for sex chromosome abnormali
ties, and 85.7% were confirmed to be fetal in origin.31 Fetal 
mosaicism was detected in two cases, emphasizing that it is 
important to counsel patients about this possibility. Maternal 
mosaicism for 45 ,X/XX and confined placental mosaicism also 
lead to false-positive NIPT results, underscoring the importance 
of confirmatory invasive diagnostic testing.

Another lim itation of cfDNA screening is the reported assay 
failure rate of up to 5%. One of the reasons is a low fetal frac
tion; a m inimum fetal fraction of 4% is required. The ability to 
detect the small differences between euploid and triploid fetuses 
depends on the relative proportion of fetal to maternal cfDNA. 
The average fetal fraction at 10 to 22 weeks’ gestation is 10% 
independent of gestational age, maternal age, race/ethnicity, or

fetal karyotype.30 Fetal fraction decreases with maternal weight, 
and if  NIPT fails in an obese patient, it may be necessary to 
repeat the test on a second sample or to offer serum and/or 
ultrasound screening as an alternative. Further consideration 
should be given to offering invasive testing because recent studies 
have reported a higher frequency of aneuploidy when cfDNA 
testing fails.

The American College o f Obstetricians and Gynecologists 
(ACOG) and the American College o f Medical Genetics 
(ACMG) recommend that women be offered aneuploidy 
screening, and both acknowledge that NIPT is one o f the 
screening options for women at increased risk for aneu
ploidy.32'33 This includes women 35 years or older and those 
with fetal ultrasound markers and structural anomalies associ
ated with aneuploidy, prior pregnancy with trisomy, positive 
serum screening test, or a parental robertsonian translocation 
with risk for trisomy 21 or 13. However, as studies of low-risk 
women are conducted, we can expect that NIPT will become 
more widely available. In a cohort study of over 2000 women 
who presented for routine first-trimester screening (11 to 14 
weeks) with a mean maternal age of 31.8 years, Nicolaides and 
colleagues3 demonstrated that cfDNA analysis using targeted 
MPSS is feasible in a lower-risk population. The detection rate 
for trisomy 21 was 100% with a false-positive rate of 0.1%. 
Norton and colleagues35 reported similar results in the interna
tional, blinded, prospective multicenter Noninvasive Examina
tion of Trisomy (NEXT) study, which compared cfDNA to 
first-trimester screening at 10 to 14 weeks’ gestation in 15,841 
women (mean age 30.7) with a singleton gestation. The positive 
predictive value was 80.9% (95% confidence interval [C l], 66.7 
to 90.9). Although all cases of trisomy 21 and 13 were detected, 
it is important to note that cfDNA testing did not detect one in 
10 cases of trisomy 18, nor would it have detected the other 
forms of aneuploidy found in this study population. Further
more, the rate of aneuploidy among patients with no cfDNA 
results was 2.7% , a prevalence of 1 in 38.35 Hence, careful con
sideration should be given to offering diagnostic testing to this 
group of patients.

In the United States, Bianchi and colleagues36 conducted 
a multicenter study to compare the false-positive rates of 
cfDNA analysis to routine first- and second-trimester screening. 
In 1914 women (mean age 29.6 years), the false-positive rate 
for trisomy 21 with cfDNA testing was significantly lower,
0.3% compared with 3.6%. All cases of aneuploidy were 
detected, but this finding should be interpreted cautiously 
because of the small sample size. Patients will need to be coun
seled that a negative cfDNA test does not ensure an unaf
fected pregnancy and cannot provide the diagnostic accuracy 
of an invasive prenatal diagnostic test, especially i f  fetal 
structural anomalies exist or with a family history o f a genetic 
disorder.

Aneuploidy Screening in Multiple Gestation
In dizygotic pregnancies, each twin has an individual risk for 
trisomy 21; analysis of the European National Down Syndrome 
Cytogenetic Registry found that dizygotic pregnancies were one 
third more likely to have at least one fetus with trisomy 21 than 
age-adjusted singleton pregnancies.37 The pregnancy-specific 
and fetus-specific risks should be the same for monozygotic 
twins as for singleton pregnancies, although the study found the 
actual risk to be about a third that of a singleton pregnancy. 
Unfortunately, Down syndrome screening using multiple
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202 Section II Prenatal Care

serum markers is less sensitive in twin pregnancies than in 
singleton pregnancies. Using singleton cutoffs, one study 
showed that 73% of monozygotic twin pregnancies but only 
43% of dizygotic twin pregnancies with Down syndrome were 
detected, given a 5% false-positive rate.38 Decreased sensitivity 
in detecting trisomy 21 in dizygotic twins reflects the blunting 
effect of the concomitant presence of one normal and one aneu- 
ploid fetus. Thus patients with twins should be informed that 
the detection rate by serum screening is less than that in single
ton pregnancies. First-trimester screening identifies about 70% 
of Down syndrome pregnancies; NT measurement alone has 
been shown to be as effective a screening test for higher-order 
multiple gestation as it is for twin gestations. The addition of 
the nasal bone (NB) assessment to the NT measurement 
increased the detection rate to 87% at a screen-positive rate of 
5% and to 89% when serum analytes were included in a retro
spective study o f2094 twin pregnancies.39 First-trimester screen
ing further provides the option of early diagnostic testing if  the 
risk is increased and if selective reduction is undertaken.

Experience using cfDNA analysis in multiple gestations is 
limited, but a few studies suggest that cfDNA has similar sensi
tivity and specificity rates as in singleton pregnancies.’0'41 For 
dizygotic twins, a higher fetal fraction (minimum of 8%) may 
be necessary to detect a quantitative difference. NIPT should be 
interpreted cautiously in pregnancies with a vanishing twin; the 
results may be discordant because the vanishing twin may con
tinue to release cfDNA into the maternal circulation. SNP-based 
NIPT may be helpful in identifying this phenomenon.

Ultrasound Screening for Aneuploidy
Second-trimester ultrasonography may detect anomalies associ
ated with aneuploidy, such as cardiac defects or duodenal atresia 
(see Chapter 9). In 1985, Benacerraf and colleagues42 showed a 
significant association between the thickness o f the fetal 
nuchal skin fold and the presence o f trisomy 21. For the first 
time, a “marker,” as opposed to an actual birth defect, could be 
used to assess the likelihood that Down syndrome was present. 
Other markers now commonly used in the genetic sonogram 
include the NB length, short femur or humerus, echogenic 
intracardiac focus, echogenic bowel, and pyelectasis. The use 
of these markers has gradually become common clinical practice. 
As markers were studied in larger numbers of women, it became 
possible to assign likelihood ratios to each marker and to do a 
formal risk adjustment from the a priori risk to an ultrasound- 
adjusted risk. However, most o f the markers perform poorly 
as individual predictors o f Down syndrome and have a very 
low sensitivity and a high rate o f false-positive results/3 
Further, the test performance depends on the skill of the exam
iner and the subjective assessment required for several markers, 
particularly echogenic intracardiac focus and echogenic bowel. 
Most women who undergo a genetic sonogram have no markers, 
but women should be informed that the absence o f markers 
does not rule out the possibility o f Down syndrome or other 
chromosome abnormalities.

The incidental finding of “soft markers,” minor markers such 
as echogenic intracardiac focus or pyelectasis, in otherwise low- 
risk pregnancies can cause a great deal of anxiety in the expectant 
parents. Opinions vary as to what to do when these soft markers 
are noted in a low-risk patient. A reasonable approach is to refer 
such a patient for consultation with an expert to evaluate the 
presence of other markers in the context of other screening tests 
(i.e., multiple marker screening or cfDNA).

P re n a ta l D ia g n o s tic  T e s tin g  fo r  
C h ro m o s o m e  A b n o rm a lit ie s
Every chromosome disorder is potentially detectable in utero 
with the availability of chromosome microarrays. Thus any preg
nant woman could undergo an invasive procedure, if  she so 
desired, to assess the chromosome status of the fetus. However, 
for most couples, the risks of an invasive procedure outweigh 
the diagnostic benefits. M any w ill elect noninvasive screening 
with the understanding that the sensitivity is less than 100% 
and that the screen is only intended to identify pregnancies at 
increased risk for the common trisomies. In the setting of a 
“positive” screening test, a true test—which requires an invasive 
diagnostic procedure— is then necessary. In this section, we 
review the indications for prenatal diagnostic testing for chro
mosome abnormalities and also discuss the types of tests cur
rently available.

Indications for Prenatal Cytogenetic Testing
In January 2007, ACOG published a new recommendation 
that all women, regardless o f age, should have the option o f 
invasive testing without first having been screened.1' Prenatal 
cytogenetic testing can be as basic as a routine G-banded karyo
type, or it might include a whole genome microarray. In some 
cases, a more targeted approach may be desirable and could 
include either fluorescence in situ hybridization (FISH) for a 
specific chromosome region of interest or a targeted chromo
some microarray.

PREVIOUS CHILD WITH A CHROMOSOME ABNORMALITY
After the birth of one child, stillborn fetus, or abortus with a 
chromosome abnormality, couples may elect to have prenatal 
diagnostic testing in subsequent pregnancies. W ith autosomal 
trisomy, the likelihood that subsequent progeny will have an 
autosomal trisomy is about 1%, even if  parental chromosome 
complements are normal, lhe recurrence risk for other de novo 
chromosome abnormalities is low (1% or less because of the 
possibility of germline mosaicism), and diagnostic testing can 
provide reassurance.

PARENTAL CHROMOSOME REARRANGEMENTS
An uncommon but important indication for prenatal cytoge
netic studies is presence of a parental chromosome abnormality 
such as a balanced translocation, inversion, deletion, or duplica
tion. A mother or father with a balanced translocation is at risk 
for offspring with an unbalanced translocation and, hence, an 
abnormal phenotype. Fortunately, empiric data show that 
theoretic risks for abnormal (unbalanced) offspring are 
greater than empiric risks, but miscarriages are common. It 
is for this reason that preimplantation genetic diagnosis (PGD) 
can be especially helpful. The risk for having a liveborn infant 
with an unbalanced chromosome complement varies by rear
rangement, sex of the parental carrier, and method of ascertain
ment.45 Pooled empiric risks tabulated at CVS or amniocentesis 
approximate 12% risk for clinically abnormal offspring of either 
male or female translocation carriers with reciprocal transloca
tions.46 For robertsonian (centric fusion) translocations, risks 
vary according to the chromosomes involved as discussed above.

A parent with a deletion or duplication has a 1 in 2 chance 
of transmitting the abnormal chromosome and having an 
affected child. Due to the wide phenotypic variability of many 
of the deletion/duplication syndromes, it can be difficult to 
predict the phenotype of an affected offspring prenatally.
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Chapter 10 Genetic Screening and Prenatal Genetic Diagnosis 203

ASSISTED REPRODUCTION THROUGH INTRACYTOPLASMIC 
SPERM INJECTION

Intracytoplasmic sperm injection (ICSI) is used in ART when 
the man is subfertile. Empiric data demonstrate an increased 
frequency of aneuploidies, mainly sex chromosome anomalies 
(1% to 2% ).47 The excess risk appears unrelated to the ICSI 
technique, rather it relates to the underlying male infertility that 
necessitated ICSI.

CYTOGENETIC TESTING
The gold standard for prenatal cytogenetic testing has been 
the G-banded karyotype, first introduced in the late 1970s. 
Karyotyping can detect numeric abnormalities, balanced trans
locations, and structural abnormalities greater than 5 to 10 Mb 
(5 to 10 million base pairs). The routine karyotype remains a 
valid test for those interested in knowing whether the fetus has 
a major trisomy or for the cytogenetic evaluation of a couple 
with a history of recurrent pregnancy loss (see Chapter 27). 
However, with the availability of tests with a higher resolution 
for detecting chromosome rearrangements of less than 5 Mb, 
such as chromosome MAs, ACOG recommends that women 
who desire an invasive prenatal diagnostic test be offered 
MAs as an option.48 Recent studies also support the use of 
MAs for the evaluation o f the fetus with a structural malfor
mation.46,49 51 W hen a specific chromosome region is of interest, 
a more targeted approach using FISH may be utilized.

CHROMOSOME MICROARRAYS
Chromosome MAs allow comprehensive analysis o f the 
entire genome at a finer resolution than a routine karyotype 
and are capable o f detecting trisomies and submicroscopic 
deletions and duplications o f the genome (CNVs). CNVs can 
be detected using either comparative genomic hybridization 
(CGH) or SNP arrays (Fig. 10-2). For both, the principle is 
based on single-stranded DNA annealing (hybridizing) with a 
complementary single-stranded DNA. To look for CNVs, a 
sample o f test DNA is labeled with a fluorochrome (e.g., red), 
denatured to single-stranded DNA, and then hybridized to 
single-stranded copies of DNA of known sequence differentially 
labeled (e.g., green) and embedded on a platform (array) in an 
ordered fashion. If equal amounts of control and test DNA are 
present, the color of the hybridized mixture could be expected 
to be yellow. If the test DNA were in excess (e.g., trisomy or 
duplication), the mixture for the relevant chromosome region 
would be relatively more of the color used to connote test 
(patient) DNA. This would be red in the previous example. SNP 
arrays can also detect homozygosity or heterozygosity for regions 
of DNA and can detect triploidy, UPD, and consanguinity.

Several different commercial platforms are available, but all 
interrogate sequences of DNA along every chromosome. “Cov
erage” varies slightly based on sensitivity sought, and all have 
redundancy—that is, a given region that is interrogated more 
than once to ensure replicability before making a diagnosis. 
Targeted arrays contain sequences from the pericentromeric and 
telomeric regions of the chromosome as well as clinically signifi
cant deletion and duplication syndromes. Although less sensitive 
than a whole-genome array, a targeted MA reduces the likeli
hood of finding CNVs of uncertain significance.

Several studies have demonstrated that prenatal microarrays 
are reliable and have several advantages over conventional cyto
genetic testing, especially in the fetus with a structural malfor
mation. The NICHD prospective prenatal cytogenetic array

Array CGH 
(Oligonucleotide)

Label patient DNA Label control DNA 
with Cy5 with Cy3

Hybridize DNA to oligonucleotide 
microarray

Analyze Cy3/Cy5 fluoroescence 
ratio of patient to control

Cy3/Cy5 ratio <1 Cy3/Cy5 ratio >1 
Duplication Deletion

FIG 10-2 Schematic diagram illustrating principles of array comparative 
genome hybridization (CGH). Patient DNA is labeled in red (CY5), 
whereas references (normal control) are labeled in green (Cy3). When 
denatured into single-stranded DNA, patient DNA and control DNA 
hybridize with DNA of the same type embedded on a platform 
[circles). The diagram shows only 33 "spots" of similar sequence, 
whereas in actual practice, a diagnostic platform would consist of 
thousands of embedded sequences. If the region being interrogated 
shows equal amounts of patient DNA and control DNA, the signal is 
yellow. A green signal indicates deficiency of test DNA (deletion or 
mosaicism), whereas a red signal indicates excess of test DNA (dupli
cation or trisomy). Array CGH detects trisomies just like a karyotype; 
smaller deletions or duplications (<5 million base pairs) are detected 
only by array CGH. (Courtesy Ron J. Wapner, Columbia University, 
New York.)

study of 4401 women with varying indications for prenatal 
genetic diagnosis detected all of the trisomies, sex chromosome 
abnormalities, and unbalanced translocations identified by 
routine karyotype.49 In addition, clinically significant CNVs 
were detected in 6% o f the 755 fetuses with a normal karyo
type and suspected structural anomalies or growth abnor
malities (Table 10-7). Clinically significant CNVs were also 
detected in 1.7% of those with advanced maternal age or a posi
tive serum screen result. These chromosome abnormalities were 
not detected on a routine karyotype. A smaller study that used 
high-resolution SNP arrays yielded comparable findings (1.6% 
in cases of advanced maternal age and 6.9% for ultrasound 
anomalies).49 Similar results were found in a retrospective analy
sis of 2858 prenatal samples referred with abnormal sonographic 
findings, and 6.2% with a known normal karyotype had a clini
cally significant CNV.46 The majority of samples in this study 
were tested using a whole-genome array. The odds of finding a 
clinically significant CNV increased when anomalies were 
present in two or more organ systems (9.5%) but were less 
common in samples referred for isolated growth abnormalities
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204 Section II Prenatal Care

TABLE 10-7 FREQUENCY OF COMMON BENIGN, PATHOGENIC, AND POTENTIALLY CLINICALLY SIGNIFICANT
MICRODELETIONS AND DUPLICATIONS ON CHROMOSOME MICROARRAY ANALYSIS OF PRENATAL 

____________ SAMPLES WITH A NORMAL KARYOTYPE__________________________________________________________

INDICATION FOR NORMAL KARYOTYPE COMMON BENIGN KNOWN PATHOGENIC AND POTENTIAL FOR
PRENATAL DIAGNOSIS NUMBER NUMBER (%) CLINICAL SIGNFICANCE NUMBER (%) [C l]*

Any 3822 1234 (32.3) 96 (2.5) [2.1-3.1]
Advanced maternal age 1966 628 (31.9) 34 (1.7) [1.2-2.4]
Positive Down syndrome screening 729 247 (33.9) 12 (1.6) [0.9-2.9]
Anomaly on ultrasonography 755 247 (32.7) 45 (6.0) [4.5-7.9]
Otherf______________________________________ 372___________________ 112 (30.1)___________________________ 5(1.3) [0.6-3.1]_________________

From American College of Obstetricians and Gynecologists Committee on Genetics. ACOG Committee Opinion No. 581: the use of chromosomal microarray analysis in prenatal 
diagnosis. Obstet Gynecol. 2013;122:1374-1377.
*A11 confidence intervals (CIs) are 95%.
fOther indications include family history, previous pregnancy with chromosomal abnormalities, and elective decision.

(2.6%) or so-called soft markers on ultrasound examination 
(2.6%). Lee and colleagues51 reported a 10.5% detection rate 
with a single anomaly and 15.4% with two or more anomalies. 
A number of factors may explain the differences among studies, 
including a bias toward a higher percentage of trisomies, types 
of malformations, lack of standardized definition of anomalies 
from referring practices, incomplete information on the number 
and type of anomalies, lack of postnatal confirmation of ultra
sound anomalies, sample size, and types of arrays utilized. Based 
on the current evidence, ACOG and the Society for Maternal- 
Fetal Medicine recommend that MA replace conventional cyto
genetic analysis in patients undergoing invasive diagnostic 
testing for the evaluation of a fetus with one or more structural 
abnormalities.,8

One o f the major concerns with this technology is the 
identification ofVOUS. The NICHD study detected VOUS 
in 3.4% o f cases with a normal karyotype, but it is equally 
important to note that one third were reclassified several years 
later as pathogenic.49 As cases are ascertained and followed lon
gitudinally, additional information will provide more accurate 
information for genetic counseling. The percentage of VOUS 
reported in the literature will vary with the microarray platform 
utilized. Shaffer and colleagues50 reported on their experience 
with MAs of over 5000 prenatal samples over 7 years. The rate 
of VOUS was 4.2% ; however, if  only de novo variants were 
considered, the rate dropped to 0.39%, the same rate reported 
using a whole-genome SNP array.50 Such a low rate may be 
acceptable in light of the diagnostic yield obtained with MAs.

In addition to identifying clinically significant CNVs in the 
fetus, prenatal MAs have the potential to identify variants in 
the parents that may connote increased susceptibility to cancer 
or adult-onset disorders. MAs may also reveal consanguinity or 
nonpaternity; therefore it is critical that patients are informed 
of the limitation and potential test results prior to testing to 
minimize the anxiety and distress associated with uncertain or 
unexpected findings.^

One disadvantage o f array CGH compared with the 
traditional karyotype is that chromosome MAs cannot dis
tinguish between balanced translocations and normal karyo
type; unbalanced (duplication, deficiency) rearrangements 
are readily detected. Another difficulty is the inability to detect 
low-level mosaicism in which one of the two cell lines is infre
quent. In some platforms, triploidy cannot be excluded. On the 
other hand, MAs can be performed on uncultured DNA, and 
this has been shown to be useful in the evaluation of stillbirths 
in which cell cultures for chromosome abnormalities are not 
often successful. The NICHD Stillbirth Collaborative Research

FIG 10-3 Fluorescence in situ hybridization (FISH) performed on inter
phase nuclei obtained from peripheral blood lymphocytes. Dual-color 
FISH has been performed using Vysis (Abbot Molecular) locus-specific 
probes for chromosome 13 (green) and chromosome 21 (red). Chro
mosomal DNA is stained with DAPI (blue). Two signals for each 
indicates disomy (normal numbers) for these two chromosomes. 
(Courtesy Helen Tempest, Florida International University, Miami.)

Network demonstrated a higher success rate with MAs com
pared with conventional karyotyping (87.4% vs. 70.5%) in the 
evaluation of 532 stillbirths.53 The detection rate of chromosome 
abnormalities was also higher (8.3% vs. 5.8%).

FLUORESCENCE IN SITU HYBRIDIZATION 
Prior to the availability of MAs, FISH was a useful adjunct to a 
karyotype to examine a specific chromosome region or rapidly 
screen for aneuploidy. FISH is still useful when a parent with a 
known deletion or a couple with a previous affected child 
requests prenatal diagnosis for just that specific region.

DNA sequences unique to the chromosome in question 
are labeled with a fluorochrome and are hybridized to a 
metaphase chromosome or interphase nuclei (Fig. 10-3). 
Cells with two copies should show two separate signals; trisomic 
cells show three signals. One signal is present in the setting of a 
deletion. Because of geometric vicissitudes (e.g., one chromo
some overlying another may not be appreciated in a two- 
dimensional scan), not every trisomic cell shows three signals; 
however, the modal count is readily determined. A single cell 
can be interrogated for up to five chromosomes. FISH uses
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Chapter 10 Genetic Screening and Prenatal Genetic Diagnosis 205

interphase cells and thus permits rapid or same-day diagno
sis o f aneuploidy. This becomes particularly important when 
a rapid diagnosis is needed to aid in the management o f a 
fetus at high risk, such as one with multiple anomalies 
detected by ultrasound. FISH can also be used on preserved 
tissue (e.g., paraffin blocks) when culture for metaphase analysis 
is obviously not possible.

QUANTITATIVE FLUORESCENT POLYMERASE 
CHAIN REACTION
Polymerase chain reaction (PCR) is a widely used test that 
permits a small amount of DNA (e.g., from one cell) to be 
amplified to generate an amount sufficient for a diagnostic test. 
In quantitative PCR (QPCR), the rapidity with which the expo
nential increase in DNA occurs allows rapid and accurate detec
tion of major numeric chromosome disorders in CVS.54 This 
technique can be a powerful adjunct to conventional cytogenet
ics and in some venues, such as in Europe, it has replaced the 
traditional karyotype in prenatal diagnosis.

Accuracy of Prenatal Cytogenetic Diagnosis
Although invasive diagnostic testing for routine cytogenetic 
testing has markedly declined with the availability of noninva
sive screening for aneuploidy and higher resolution MA, it is 
important for the obstetrician/gynecologist to be aware of the 
common pitfalls associated with analysis of chorionic villi or 
amniotic fluid cells. One problem is that cells may not grow, or 
growth may be insufficient for proper analysis (although with 
MAs, this is not a problem). Uncommonly, there may be mater
nal cell contamination, which can be minimized by discarding 
the first 1 to 2 mL of aspirated amniotic fluid during amniocen
tesis. In CVS, examination under a dissecting microscope allows 
the clinician to distinguish villi from maternal decidua.

A more vexing concern is that chromosome abnormalities 
detected in villi or amniotic fluid may not reflect fetal status. 
Chromosome aberrations may arise in culture (in vitro) or may 
be confined to placental tissue. This possibility should be sus
pected when mosaicism (more than one cell line) is restricted to 
only one of the several culture flasks or to clones initiated from 
a single amniotic fluid or CVS specimen, or when an abnormal 
karyotype with a known severely anomalous phenotype does not 
correlate with a normal ultrasound. Although the reference labo
ratory and clinical geneticists are naturally expected to have 
requisite expertise, the obstetrician should be prepared to discuss 
certain common dilemmas with the patient.

MOSAICISM
Cells that contain at least one additional structurally normal 
chromosome are not uncommon (1% to 2%) in amniotic fluid 
or CVS specimens. If these abnormal cells are found in a single 
culture or clone, the phenomenon is termed pseudomosaicism  
and is usually of no clinical significance. True mosaicism is 
more likely when the same abnormality is present in more 
than one clone or culture flask, and it is confirmed by studies 
of the abortus or liveborn infant in 70% to 80% of cases55 and 
actually can never truly be excluded because the abnormality 
could be restricted to tissue not readily accessible.

Numeric problems are more frequent in short-term cultures, 
which can be performed on chorionic villi but not on amniotic 
fluid cells. Metaphases from the trophoblasts or villi can accu
mulate within hours of sampling, allowing rapid results. In CVS, 
discrepancies may arise between short-term trophoblast cultures

and long-term cultures, which are initiated from the mesenchy
mal core of v illi.5 Discrepancies may further exist between CVS 
preparations and the embryo. If CVS results seem at odds with 
clinical findings, it is reasonable to track interval growth and, if  
abnormal, to perform a follow-up amniocentesis. Several rare 
trisomies in particular (+16, +22, +7) may not be confirmed. 
Sometimes mosaicism is present in the placenta but not 
in the embryo; this is called confined placental mosaicism 
(CPM). In this circumstance, the likelihood of anomalies is 
considered low.56 However, the U.S. NICHD Collaborative 
CVS trial observed increased late loss rates (8.6%) in pregnan
cies showing CPM compared with pregnancies without mosa
icism (3.4%). Although CPM usually does not have clinical 
significance/ two potential adverse effects associated with 
CPM should be considered: IUGR and UPD. UPD, the 
inheritance of both homologous chromosomes from a single 
parent, may result from a reduction to disomy from a trisomic 
embryo rescue.58 The phenotypic effect of UPD depends on the 
chromosome involved.59 Imprinted genes that have phenotypic 
effects with regard to UPD include chromosomes 7 (Russell- 
Silver syndrome), 11 (Beckwith-Wiedemann syndrome), 14 
(mental retardation and multiple anomalies), and 15 (Prader- 
W illi and Angelman syndromes).

Potential technical problems notwithstanding, amniotic 
fluid analysis and chorionic villi analysis are highly accurate 
for the detection o f numeric chromosome abnormalities. The 
U.S. NICHD Collaborative CVS trial57 evaluated 11,473 cho
rionic villus samples by direct methods, long-term culture, or 
both. There were no incorrect sex predictions. No diagnostic 
errors occurred among 148 common autosomal trisomies (+13, 
+18, +21), 16 sex chromosome aneuploidies, and 13 structural 
aberrations; no normal cytogenetic diagnosis with CVS has ever 
been followed by birth of a trisomic infant. Overall, accuracy of 
CVS by karyotype is comparable to that of amniocentesis. 
However, with MAs, the ability to detect submicroscopic chro
mosome abnormalities has further increased the accuracy of 
prenatal diagnosis.

IMPLICATIONS OF DE NOVO STRUCTURAL ABNORMALITIES
If an ostensibly balanced inversion or translocation is detected 
in the fetus but is not found in either parent, the rearrangement 
arose de novo. The inversion or translocation may not actually 
be balanced; genes around breakpoints may be deleted but unap
preciated by routine cytogenetic analysis. The risk for the fetus 
being abnormal has been tabulated at 6% for a de novo 
reciprocal inversion and 10%  to 15%  for a de novo transloca- 
tion.1’11 Risks are not chromosome specific but represent pooled 
data that involve many chromosomes. These risks also apply only 
to anatomic or developmental abnormalities evident at birth, 
not taking into account abnormalities that become evident only 
later in life. Thus when a de novo structural abnormality is 
present, an MA should be performed to determine whether 
a gain or loss has occurred at the breakpoint as a result o f 
the abnormality. This will allow for more precise counseling; if 
array CGH shows no abnormality, the likelihood of an abnor
mality is markedly reduced.

Marker chromosomes, also called supernumerary chromosomes, 
by definition cannot be fully characterized on the basis of stan
dard cytogenetic analyses. These small chromosomes usually 
contain a centromere, a high proportion are derived from the 
short arms of acrocentric chromosomes (13, 14, 15, 21, and 22), 
and their significance depends on whether the marker is de novo
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206 Section II Prenatal Care

or familial. In reviewing 15,522 prenatal diagnostic procedures, 
Hume and colleagues61 ascertained 19 marker chromosomes, 
5 from CVS specimens and 14 from amniotic fluid samples. 
Monitoring these pregnancies with high-resolution ultrasonog
raphy revealed an association between de novo marker chro
mosomes and anomalies. W hen ultrasound examination was 
normal, the likelihood of a phenotypically normal offspring was 
high. W ith MA, the origin of the marker chromosomes can 
usually be established.

SINGLE-GENE OR MENDELIAN DISORDERS
Approximately 1% o f liveborn infants are phenotypically 
abnormal as result o f gene mutations, and yet most inherited 
disorders are rare except in some ethnic groups in which common 
mutations have been identified. W ith the sequencing of the 
human genome and the development of molecular diagnostic 
testing, it is now possible to identify carriers for some single-gene 
mutations and to more accurately assess their risk for having an 
affected offspring. The risk is 50%  for autosomal-dominant 
disorders like Marfan syndrome or for X-linked disorders 
such as fragile X syndrome or Duchenne muscular dystro
phy. For autosomal recessive disorders like CF or Tay-Sachs 
disease, i f  both parents have a mutation, there is a 1 in 4 
chance o f an affected offspring in each pregnancy. Individuals 
and couples at risk with known mutations may elect to have 
either prenatal or preimplantation genetic testing. Further, with 
the identification of the common gene mutations for many 
disorders, especially in some ethnic groups, it is now possible 
to offer population-based carrier screening. Also, some carriers 
are ascertained through the birth of an affected child or as a 
result of state newborn screening programs, which screen for 
over 30 inherited conditions at birth. In this section, we review 
carrier screening, newborn screening, and DNA-based molecu
lar diagnosis— the platform for preimplantation and prenatal 
genetic testing.

Carrier Screening for Heritable Disorders
Carrier screening is performed to determine whether an indi
vidual has a mutation in one o f two copies (heterozygous 
carrier) o f the gene o f interest. Screening is voluntary, and 
informed consent is recommended. Ideally, individuals should 
be provided with information about the condition, its preva
lence and severity, and treatment options in addition to informa
tion about the test, including detection rates and the limitations. 
When the detection rate is less than 100%, it is important to 
explain that a negative screening test reduces the likelihood that 
an individual is a carrier and is at risk for having an affected 
offspring, but it does not eliminate the possibility. Individuals 
should also be assured that their test results are confidential. 
For some individuals, genetic counseling may assist with the 
decision-making process; therefore it may be helpful to provide 
individuals with disease-specific educational material. Further, it 
is prudent to document in the medical record that screening 
tests were offered and the individual’s decision.

ACOG recommends population carrier screening for 
selected disorders in families amenable to prenatal diagnosis 
in which no previously affected individual has been born 
(Table 10-8).62'66 DNA-based tests also exist for fragile X mental 
retardation and spinal muscular atrophy (SMA). ACOG does 
not currently recommend universal screening for fragile X, but 
testing is recommended with a family history of unexplained

TABLE 10-8 GENETIC SCREENING IN VARIOUS 
ETHNIC GROUPS ____

ETHNIC GROUP DISORDER SCREENING TEST

All Cystic fibrosis DNA analysis of a
selected panel of 23 
CFTR mutations 
(alleles present in 
0.1% of the general 
U.S. population)

Blacks Sickle cell anemia MCV <80%, followed
by hemoglobin 
electrophoresis

Ashkenazi Jews Tay-Sachs disease Decreased serum
Hexosaminidase-A or 

DNA analysis for 
selected alleles

Canavan disease DNA analysis for 
selected alleles

Familial dysautonomia DNA analysis for
selected alleles

Cajuns Tay-Sachs disease DNA analysis for
selected alleles

French-Canadians Tay-Sachs disease DNA analysis for
selected alleles

Mediterranean P-Thalassemia M CV <80%, followed
(Italians, Greeks) by hemoglobin

electrophoresis if 
iron deficiency has 
been excluded

Southeast Asians a-Thalassemia M CV <80%, followed
(Filipino, Chinese, by hemoglobin
Vietnamese, electrophoresis if
Laotian, iron deficiency has
Cambodian) and been excluded
Africans

CFTR, cystic fibrosis transmembrane conductance regulator; MCV, mean corpuscular 
volume.

mental retardation, autism, a motor movement disorder, prema
ture ovarian failure, and, of course, fragile X syndrome itself as 
well as at the request of the patient. 5 ACOG also does not 
recommend population screening for SMA, formerly called 
Werdnig-Hoffman disease.66 On the other hand, the ACMG rec
ommends SMA screening, reasoning that 95% of carriers can 
be detected for a disorder in which the panethnic population 
incidence is comparable to that of CF.67 Individualized testing 
to assess carrier status is recommended for individuals with a 
family history of an inherited condition if  the gene and the 
mutation have been identified.

A cost-effective approach to carrier screening begins with 
testing the partner at risk (e.g., family history o f the disease 
of interest) or the mother. However, it is also acceptable to 
test both concurrently. If one member o f the couple has a 
mutation for an autosomal recessive disorder, the next step 
is to test the partner. When both parents are carriers for an 
autosomal recessive disorder, the risk o f having an affected 
offspring is 25%. Genetic counseling is recommended, and the 
couple is informed of the availability of prenatal diagnostic 
testing, PGD, donor gametes (eggs or sperm), and adoption to 
avoid the risk of having an affected child. In addition, the 
parents should be informed that their relatives are at risk and 
should also be informed of the availability of carrier screening. 
Infrequently, a screening test may identify an individual with 
two mutations who is so m ildly affected that the mutations 
escaped medical attention. In this situation, the individual may 
benefit from a referral to a specialist for further evaluation.
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TABLE 10-9 GENETIC SCREENING FOR SELECTED 
DISORDERS IN ASHKENAZI JEWS

CARRIER
CARRIER (HETEROZYGOTE)
(HETEROZYGOTE) DETECTION

DISORDERS FREQUENCY R A T E (%)

Tay-Sachs 1/25 99
Canavan syndrome 1/40 97
Familial 1/35 99.5

dysautonomia
Cystic fibrosis 1/25 96
Niemann-Pick 1/70 95

disease
Fanconi anemia, 1/90 95

type C
Bloom syndrome 1/100 95
Mucolipidosis 1/125 96

type IV
Gaucher disease, 1/19 95

type I

Ashkenazi Jew ish Genetic Diseases
A number o f genetic conditions are very prevalent among 
individuals o f Ashkenazi Jewish ancestry (Table 10-9). Het
erozygote or carrier detection rates for each condition are 
95% to 99% , the sensitivity reflecting that only a few muta
tions are responsible for each disorder in this specific popula
tion. In aggregate, the likelihood o f an Ashkenazi Jewish 
individual being heterozygous for one o f the autosomal- 
recessive disorders listed in this section is 1 in 4 .62 In the 
United States, Jewish individuals may be uncertain whether 
they are of Ashkenazic or Sephardic descent (90% are Ashke
nazi); thus obstetricians should offer screening to all Jewish 
couples. ACOG recommends carrier screening for Ashkenazi 
couples for Tay-Sachs, CF, Canavan disease, and familial 
dysautonomia and also recommends that couples be made 
aware o f the availability o f carrier screening for other less 
prevalent and less severe diseases.61 These disorders include 
mucolipidosis IV, Niemann-Pick disease type A, Fanconi 
anemia type C, Bloom syndrome, and Gaucher disease. Many 
laboratories and programs offer expanded carrier screening to 
Ashkenazi Jews.

Screening usually involves molecular testing for common 
selected mutations. In all the disorders listed in Table 10-8, 
screening only a few mutations (alleles for the mutant gene) will 
detect a very high percentage of heterozygotes. In Tay-Sachs 
disease, for example, molecular testing in Ashkenazi Jews 
detects 94% of heterozygotes; screening by the more laborious 
biochemical methods (based on ratio of hexosaminidase A to 
total hexosaminidase—A plus B) detects 98% .62 If only one 
partner is Ashkenazi, ACOG1’1 suggests screening that indi
vidual first. In low-risk populations (e.g., non-Ashkenazi Euro
peans), the carrier frequency for Tay-Sachs is only 1 in 300. 
Given that molecular heterogeneity is so prevalent, biochemical 
testing is often necessary in testing individuals who are not 
Ashkenazi Jews.

W ith the exception of Tay-Sachs disease and CF, the carrier 
rate and the detection rate applicable for the non-Jewish partner 
has not been established and, hence, screening is of limited 
value. It may thus not be possible to provide the couple with an 
accurate assessment of their risk to have an affected child.

Hemoglobinopathies
Sickle cell disease occurs most commonly among individuals of 
African origin but is also found in high frequency in Greeks, 
Italians (Sicilians), Turks, Arabs, Southern Iranians, and Asian 
Indians. Classic sickle cell disease is caused by homozygosity for 
a single base-pair mutation in the (3-globin gene (hemoglobin 
S; see Chapter 44). Approximately 1 in 12 blacks are carriers 
of a single copy (heterozygous) o f the mutation and have 
sickle cell trait. Hemoglobin electrophoresis is the recom
mended screening test because it can detect other abnormal 
forms o f hemoglobin and thalassemia.6 5

Thalassemia is caused by the reduced synthesis of either a -  or 
(3-globin (see Chapter 44) and is more common among indi
viduals of Southeast Asian, African, West Indian, Mediterranean 
(Greek, Italian), Asian, and Middle Eastern origin. ACOG rec
ommends a complete blood count (mean corpuscular volume 
[MCV]) and hemoglobin electrophoresis to detect thalasse
mia.6’ MCV values o f less than 80% are indicative o f either 
iron deficiency anemia or thalassemia heterozygosity; there
fore it is necessary to test for iron deficiency. If a deficiency 
is not found, an elevated hemoglobin A2 and hemoglobin F 
will confirm |3-thalassemia. DNA-based testing is necessary 
to detect a-globin deletions, which cause (X-thalassemia.63

Cystic Fibrosis
Carrier screening for CF was initially recommended by 
ACOG and ACMG in 2 0 0 1.64,68 CF is more common in 
whites o f Northern European and Ashkenazi Jewish ancestry 
and primarily affects pulmonary and pancreatic function.
The disorder usually is manifested early in childhood; 10% to 
20% are detected at birth because of meconium ileus. Increasing 
accumulation of viscous secretions progressively leads to chronic 
respiratory obstruction. Malnutrition and poor postnatal growth 
arise secondary to blockage of pancreatic ducts that produce 
insufficient pancreatic enzymes, which interferes with intestinal 
absorption. The majority of men with CF have azoospermia, 
the result of congenital bilateral absence of the vas deferens 
(CBAVD). Sometimes CBAVD is the only manifestation of CF. 
In these cases, the mutant alleles are less deleterious than those 
that cause severe CF. Individuals without pancreatic involve
ment have a milder course and longer survival (median survival 
56 years compared with 30 years).2’ CF may be diagnosed by 
the chloride sweat test or suspected on a newborn screening 
test, but mutation testing or DNA sequencing is used to 
confirm the diagnosis. Once a mutation is identified in a given 
family, genetic studies are indicated to detect other carriers (het
erozygotes) and affected relatives.

Since the initial report that localized the gene for CF, 
over 1500 disease-causing mutations have been identified, but 
one mutation—AF508, a deletion o f phenylalanine (F) at 
codon 508— accounts for about 75%  o f CF mutations in 
whites who are not Ashkenazi Jews.69 ACOG and ACMG 
recommend using a panethnic panel o f 23 mutations as a 
screening test to identify CF carriers.64 M any commercial 
laboratories offer gene sequencing and/or expanded carrier 
screening panels that include mutations that are less prevalent 
in the general population that m inimally increase the sensitiv
ity. Neither is recommended for routine carrier screening, 
although an expanded panel or sequencing may be considered 
if  a family member is affected and routine panels have failed 
to reveal a mutation. Even if  the entire gene is sequenced, 
not all CF mutations will be identified. Those not identified
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TABLE 10-10 DETECTION OF CYSTIC FIBROSIS HETEROZYGOTES*

ETHNIC GROUP

CARRIER
(HETEROZYGOTES)
FREQUENCY

PERCENT OF CARRIERS 
(HETEROZYGOTES) 
DETECTABLE (%)

LIKELIHOOD OF BEING A  
CARRIER (HETEROZYGOUS) 
DESPITE NEGATIVE SCREEN

Ashkenazi Jew 1/24 94 1/380
European non-Hispanic white 1/25 88 1/200
Hispanic white 1/58 72 1/200
Black 1/61 64 1/170
Asian 1/94 49 1/180

Data from American College of Obstetricians and Gynecologists (ACOG) Committee on Obstetrics. ACOG Practice Bulletin No. 78: hemoglobinopathies in pregnancy. Obstet Gynecol. 
2007;109:229-237 and ACOG Committee Opinion 486 (2011).
*The current panel encompasses 23 mutations.

TABLE 10-11 LIKELIHOOD OF AFFECTED FETUS AFTER 
CYSTIC FIBROSIS CARRIER SCREENING

NON-HISPANIC 
EUROPEAN WHITE

ASHKENAZI
JEW

No screening 1/2500 1/2304
Both partners negative 1/173,056 1/640,000
One partner negative, one 1/20,800 1/38,400

untested
One partner positive, one 1/832 1/1600

negative
One partner positive, 1/100 1/96

other untested
Both partners positive 1/4 1/4

These calculations are based on the frequencies shown in Table 10-6.

presumably act in promoter regions or perturb posttranslational 
modification.

The carrier frequency and detection rates in various ethnic 
groups is shown in Table 10-10. The likelihood of having an 
affected offspring when one or both partners are tested and 
screen positive or negative is shown in Table 10-11. The detec
tion rate varies depending on ethnic origin. Individuals without 
a family history of CF, an affected partner, or a partner with 
CBAVD may benefit from genetic counseling, expanded screen
ing, and, possibly, gene sequencing.

Newborn Screening
Screening the neonate is mandated by each state, although 
parents may decline testing and in some states need to consent. 
These screening tests may also identify couples who are carriers 
and who may benefit from genetic counseling to learn about 
their options in subsequent pregnancies.

The ACMG and the March o f Dimes have recommended 
screening for a core panel o f 31 conditions, including inborn 
errors o f metabolism amenable to treatment such as phenyl
ketonuria, galactosemia, and homocystinuria; endocrine 
conditions such as hypothyroidism and 2 1 -hydroxylase 
deficiency; sickle cell anemia; and congenital hearing loss. 
Information by state is available at www.marchofdimes.com/ 
professionals/580.asp or at the National Newborn Screening and 
Genetics Resource Centers Web site at genes-r-us.uthscsa.edu.

Molecular Approach to Prenatal Diagnosis 
of Single-Gene Disorders
Sequencing the human genome has revealed approximately
22,000 genes (based on certain established sequencing crite
ria that define a gene). The function of many genes is still 
unknown, but increasingly, mendelian disorders of potential 
prenatal genetic diagnostic interest are being identified, and

their molecular perturbations are known. The molecular basis 
of recognized single-gene disorders varies and includes point 
mutations that lead to a single nucleotide and hence to a single 
amino acid change (e.g., sickle cell anemia), premature stop 
codons that truncate the protein gene products, deletions of 
three nucleotides that lead to loss of entire amino acids, and 
deletions of one or two nucleotides that lead to frame shifts that 
result in an altered reading frame with all subsequent amino 
acids being coded erroneously.

In a given disorder, it is exceptional for a single molecular 
perturbation to be responsible for all cases, as is the case in 
sickle cell anemia and achondroplasia. One or more perturba
tions may account for a significant proportion within a given 
ethnic group; however, the molecular basis in the broader popu
lation is typically more heterogeneous. An array of mutations 
may be used for diagnostic or carrier testing as described above, 
or targeted sequencing of such genes may be performed. Still, 
the molecular basis may not always be evident for every affected 
individual, even in well-studied disorders like CF. If sequencing 
all coding regions o f the gene in question does not reveal 
a perturbation, the assumption is that the pathogenesis 
involves the promoter region or posttranscriptional processes 
(e.g., translation).

The general approach for detecting single-gene disorders 
involves the determination o f a known molecular perturba
tion. Alternatively, i f  the actual mutation is not known, 
linkage analysis can still be used to identify affected cases if  
the chromosome location has been determined. Suppose a 
couple is at risk for a known disorder, but the molecular basis 
in their family is unknown. In linkage analysis, the clinician 
relies on polymorphic markers upstream and downstream from 
the mutation site. These polymorphisms are without clinical 
significance but can serve as markers (short tandem repeats of 
nucleotides; SNPs). At every locus, polymorphic or mutant, one 
marker allele is of paternal origin and one is maternal. A panel 
of markers can be identified that coexist (in phase) with the 
chromosome having the mutation, said to be cis and in contrast 
to those markers on the chromosome having the normal allele 
(trans). That is, given two chromosomes, one set of markers 
w ill be on the chromosome containing the mutant allele for the 
disorder in question (dominant or recessive), whereas the other 
w ill lie on the “normal” chromosome. Studying affected and 
unaffected family members will allow the clinician to determine 
the “phase” of markers unique to that family. If there are no 
surviving affected family members, the clinician may still be able 
to deduce phase (cis versus trans) by analyzing individual sperm, 
should the disorder have arisen de novo in a male. Regardless, 
the principle is that a diagnosis can be deduced without knowl
edge of the precise nucleotide perturbations.
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A molecularly based diagnosis can thus be readily achieved 
for patients at risk for hundreds of disorders. Any nucleated fetal 
cell—chorionic villus, amniotic fluid cell, or blastomere from an 
embryo—will suffice. Technical details are beyond the purview 
of this text, save appreciation that molecular diagnosis is highly 
accurate in good laboratories but perfect in none.

Mendelian Disorders Without 
Known Molecular Basis
Some disorders remain whose genetic basis is not yet elucidated. 
If the causative gene is not known and thus cannot be localized, 
linkage analysis is not applicable. Whether the concern originates 
in a previously affected child or in the current pregnancy, the 
clinician may have to resort to imaging (see Chapter 9), assuming 
cytogenetic findings (including MAs) are normal in the previ
ously affected child, and structural anomalies are present.

MULTIFACTORIAL AND 
POLYGENIC DISORDERS
It is postulated that some congenital malformations, espe
cially those that involve a single organ system, are the result 
of the cumulative effects o f more than one gene (polygenic) 
and gene-environment interactions (multifactorial). These 
include hydrocephaly, anencephaly, and spina bifida (NTDs); 
facial clefts (cleft lip and palate); cardiac defects; pyloric stenosis; 
omphalocele; hip dislocation; uterine fusion defects; and club 
foot (Box 10-1). After the birth o f one child with a defect 
involving only one organ system, the recurrence risk in sub
sequent offspring is 1% to 5%. The frequency is less than 
would be expected if  only a single gene were responsible, but it 
is still greater than that for the general population. The recur
rence risks are similar for offspring of an affected parent.

M any of these congenital anomalies can be diagnosed in utero 
using ultrasonography or fetal echocardiography (see Chapter 
9). A few are associated with elevated AFP levels in the maternal 
serum and amniotic fluid. In this section, we review the use of 
serum markers and ultrasound to screen and diagnose NTDs.

BOX 10-1 MULTIFACTORIAL/POLYGENIC TRAITS

H y d ro c e p h a ly  (e xce p t so m e  fo rm s  o f  a q u e d u c ta l s te n os is  
and  D a n d y -W a lk e r s y n d ro m e )

N eura l tu b e  d e fe c ts  (an e n ce p h a ly , sp in a  b ifid a , 
e n ce ph a lo ce le )

C le ft lip  w ith  o r  w ith o u t  c le ft p a la te  
C le ft lip  (a lone)
C ardiac a n o m a lie s  (m o s t typ e s)
D ia p h ra g m a tic  h e rn ia  
P y lo ric  s te n o s is  
O m p h a lo ce le
Renal age ne s is  (u n ila te ra l o r b ila te ra l)
U re te ra l a n o m a lie s  
P o s te rio r u re th ra l va lu e s  
H yp o sp a d ia s  
M u lle r ia n  fu s io n  e ffe c ts  
M u lle r ia n  a p las ia  
L im b  re d u c tio n  d e fects  
T a lip e s  e q u in o v a ru s  (c lu b fo o t)

These are relatively com m on tra its considered to be inherited in poly
genic/multifactorial fashion. For each, normal parents have recurrence 
risks of 1% to 5% after one affected child. A fter tw o affected offspring, 
the risk is higher.

Screening for Neural Tube Defects
Maternal serum AFP (MSAFP) is a useful screening test for 
open NTDs. 0 MSAFP screening for NTD detection should be 
performed at 15 to 20 weeks’ gestation. As with aneuploidy 
screening, corrections must be made for gestational age, multiple 
gestations, and presence of diabetes mellitus. Maternal serum 
values above 2.0 or 2.5 M oM  are considered elevated with 
respect to NTDs. Values above 2.0 MoM are considered elevated 
in women with type 1 diabetes, whereas in twin gestations, 
MSAFP is considered abnormal only at 4.5 to 5.0 MoM or 
greater.

Approximately 3% to 5% o f women have an elevated 
MSAFP depending on the threshold set and accuracy o f preg
nancy dating; most are false-positive results. If gestational age 
assessment is determined accurately (e.g., by first-trimester sono
gram), the number of women who have an abnormal serum 
value is relatively lower. If MSAFP is elevated, an ultrasound 
examination should be performed to look for evidence of an 
NTD or other anomalies, such as gastroschisis or omphalocele, 
as well as to confirm gestational age and the number of fetuses. 
MSAFP is greater than 2.5 MoM in 90%  o f pregnancies with 
anencephaly and in 80%  with open spina bifida.1’ ’ With  
ultrasound alone, it is possible to achieve very high detection 
rates for NTDs (90% or higher in experienced centers), and 
this has led some centers to utilize ultrasonography as the 
primary screening test, acknowledging limitations that exist 
for the detection o f small spinal defects. Some NTDs may be 
evident on sonogram as early as 11 to 14 weeks’ gestation. In 
some cases, amniocentesis to measure the amniotic fluid AFP 
and acetylcholinesterase levels may be necessary.

An elevation of MSAFP may not reflect an NTD because of 
other circumstances, such as (1) underestimated gestational age, 
inasmuch as MSAFP increases as gestation progresses; (2) unrec
ognized multiple gestation (60% of twins and almost all triplets 
with MSAFP values that would be elevated if judged on the basis 
of singleton values); (3) fetal demise, presumably reflecting fetal 
blood extravasating into the maternal circulation; (4) Rh isoim
munization, cystic hygroma, and other conditions associated 
with fetal edema; and (5) other anomalies, mainly abdominal 
wall defects such as gastroschisis and omphalocele.

The sensitivity for detection of an NTD in twin gestations is 
predictably lower than in singleton gestations; it is only about 
30% for spina bifida given a threshold of 4.5 MoM. The lower 
sensitivity exists because twins are usually discordant for an 
NTD. Ultrasound is recommended in twin gestations for 
assessment o f NTD.

If aneuploidy screening is performed in the second trimester, 
an MSAFP value will already be available as part of serum 
analyte screening for aneuploidy. First-trimester MSAFP is, 
however, not a sensitive method for detecting NTDs. I f first- 
trimester aneuploidy screening is done alone, or if cell-free 
fetal DNA or CVS is performed, second-trimester MSAFP 
screening or ultrasound is recommended to detect NTDs.

Obstetric Significance of Unexplained 
Elevated Maternal Serum Alpha-Fetoprotein
Often, no evident cause is detected after a comprehensive assess
ment of a patient with an elevated MSAFP. This group of 
patients has been consistently described to be at higher risk of 
adverse perinatal outcomes that include spontaneous abortion, 
preterm birth, small size for gestational age, low birthweight, 
and infant death. On the other hand, extremely low MSAFP
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values (<0.25 MoM) have also been associated with increased 
morbidity that includes spontaneous abortion, preterm birth, 
stillbirth, and infant death .'173

INDICATIONS FOR PRENATAL 
GENETIC TESTING
Indications for prenatal genetic studies arise from those clinical 
situations associated with an increased risk for a diagnosable 
prenatal genetic condition. These include maternal age, paren
tal chromosome rearrangements, prior pregnancy with a 
chromosome abnormality, and carriers for an inheritable 
condition. Other risk factors become evident only during 
the pregnancy, fhese include positive results for aneuploidy 
screening, ultrasound detection of fetal structural anomalies, 
and IUGR.

PROCEDURES FOR PRENATAL 
GENETIC DIAGNOSIS
Prenatal detection of chromosome abnormalities and many 
genetic conditions requires an invasive procedure such as amnio
centesis or CVS to obtain fetal cells or placental tissue for 
chromosome and genetic testing. Less frequently, cordocentesis 
is performed to obtain fetal blood. In this section, we review 
these techniques and their safety.

As a common feature of any prenatal invasive procedure, the 
patient should receive genetic counseling and should be fully 
informed about the nature of the procedure, and the patient and 
her spouse must provide informed consent. Information about 
the nature, accuracy, and possible results of the test; how, when, 
and by whom it is performed; safety of the procedure; culture 
failure rates; reporting time; and postprocedure recommenda
tions should be communicated to the patient.

Amniocentesis
Genetic amniocentesis was first performed in the 1950s. Ana
lytes such as AFP can be measured in the amniotic fluid, and 
amniocytes can be cultured for cytogenetic and molecular analy
ses. Genetic amniocentesis is usually performed after 15 
weeks’ gestation. Early amniocentesis (EA) before 14 weeks’ 
gestation, especially before 13 weeks’ gestation, should be 
avoided because o f higher rates o f pregnancy loss, amniotic 
fluid leakage, and talipes equinovarus. ‘

A 20- or 22-gauge spinal needle with a stylet is introduced 
percutaneously into the amniotic cavity under continuous ultra
sound guidance, taking care to avoid the fetus and umbilical 
cord. A local anesthetic may be given at the puncture site. 
Approximately 20 to 30 mL of amniotic fluid is aspirated, and 
the first 1 or 2 mL is usually discarded to avoid maternal-cell 
contamination. Rh immune globulin should be administered to 
the Rh-negative, Du-negative, unsensitized patient who has an 
Rh-positive fetus or a fetus whose Rh status is unknown.

Continuous visualization of the needle by ultrasound signifi
cantly reduces the incidence of bloody amniotic fluid, dry taps, 
and the need for multiple insertions. Bloody amniotic fluid is 
occasionally aspirated; however, the blood is almost always 
maternal in origin and does not adversely affect amniotic cell 
growth. Brown, dark red, or wine-colored amniotic fluid indi
cates that intraamniotic bleeding has occurred earlier in the 
pregnancy, and hemoglobin breakdown products are persistent 
in the fluid; pregnancy loss eventually occurs in about one third

of such cases. If the abnormally colored fluid is associated with 
an elevated amniotic AFP level, the outcome is almost always 
unfavorable (fetal demise or fetal abnormality). Greenish amni
otic fluid is the result of meconium staining and apparently is 
not associated with poor pregnancy outcome.

After amniocentesis, the patient may resume all normal activi
ties. Common sense dictates that strenuous exercise such as 
jogging or aerobic exercise is deferred for a day or so. Deferring 
sexual activity for 24 to 48 hours also seems prudent. The patient 
should report persistent uterine cramping, vaginal bleeding, 
leakage of amniotic fluid, or fever; however, physician interven
tion is almost never required, unless, of course, overt abortion 
occurs.

Amniocentesis in Twin Pregnancies
In multiple gestations, amniocentesis can usually be per
formed on all fetuses. It is important to assess and record 
chorionicity, placental location, fetal viability, anatomy, and 
gender and to carefully identify each sac, should selective 
termination be desired at a later date. A simple and reliable 
technique to ensure that the same sac is not sampled twice is 
to inject 2 to 3 mL o f indigo carmine following aspiration o f 
amniotic fluid from the first sac, before the needle is with
drawn. A second amniocentesis is then performed at a site 
determined after visualizing the membranes that separate the 
two sacs. Aspiration of clear fluid confirms that the second (new) 
sac was entered. Gestations greater than two can be managed 
similarly, sequentially injecting dye into successive sacs. Cross
contamination of fetal cells in multiple gestations appears rare, 
but confusion may sometimes arise in interpreting amniotic 
fluid acetylcholinesterase (AchE) or AFP results. Some obstetri
cians aspirate the second sac without dye injection, use a single
puncture technique, or perform simultaneous visualization of 
the two inserted needles in each sac.

If only one fetus in a multiple gestation is abnormal, parents 
should be prepared to choose between aborting all fetuses or 
continuing the pregnancy with one or more normal fetuses and 
one abnormal fetus. Selective termination in the second trimes
ter is possible but is associated with a higher rate o f complica
tions (fetal loss and prematurity) than if  it is done in the first 
trimester; therefore CVS should be considered the preferred 
test for multiple gestations.

Safety of Amniocentesis
The risk o f amniocentesis is very low in experienced hands: 
approximately 1 in 300 to 500 procedure-related losses or
less.74 The risk for pregnancy loss has decreased since the large 
collaborative studies to assess safety were first done in the 1970s. 
In none of these early collaborative studies was quality ultraso
nography, as defined by todays standards, available, nor was 
concurrent ultrasonography universally applied. By contrast, 
studies conducted within the past decade universally use quality 
ultrasound and have shown no statistical difference in outcomes 
for women who did and did not undergo amniocentesis. The 
risk does not appear to increase when amniocentesis is per
formed in twins.

Maternal risks are low, and symptomatic amnionitis occurs 
only rarely (0.1%). Minor maternal complications such as tran
sient vaginal spotting or minimal amniotic fluid leakage occur 
in 1% or less o f cases, but these complications are almost always 
self-limited in nature. Other complications include intraabdom
inal viscus in jury or hemorrhage. The most serious is fulminant
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sepsis (such as with Escherichia coli or clostridial species) that 
results in maternal mortality, but this is extraordinarily rare.

Chorionic Villus Sampling
Chorionic villus sampling (CVS) allows genetic diagnosis in 
the first trimester o f pregnancy. If desired, pregnancy termina
tion can be performed earlier, when it is safer for the mother. 
For example, the maternal death rate is 1 per 100,000 early in 
pregnancy compared with 7 to 10 per 100,000 in mid preg
nancy.75 Early diagnosis also makes it feasible to perform selec
tive fetal reduction in multiple gestations, when the risks are less 
than in the second trimester. Early termination also protects 
patient privacy. Both chorionic villi analysis and amniotic fluid 
cell analysis offer the same information concerning chromosome 
status, enzyme levels, and gene mutations. CVS is not useful for 
the few assays that require amniotic fluid liquor, such as AFP 
for the detection of NTDs.

CVS is performed between 10 and 13 weeks’ gestation by 
either a transcervical (TC-CVS) or transabdominal (7/4-CVS) 
approach (Figs. 10-4 and 10-5). TC-CVS is usually performed 
with a flexible polyethylene catheter with a metal obturator, 
which is introduced through the cervical canal toward the pla
centa under direct ultrasonographic visualization. After with
drawal of the obturator, 10 to 25 mg of villi is aspirated by 
negative pressure into a 20- or 30-mL syringe that contains 
tissue culture media. TA-CVS is performed by introducing an 
18- or 20-gauge spinal needle percutaneously into the long axis 
of the placenta under ultrasound guidance. After removal of the 
stylet, villi are aspirated into a 20-mL syringe that contains about 
5 mL of tissue culture media, keeping negative pressure and 
performing a gentle, longitudinal, back-and-forth movement of 
the needle. TA-CVS can be performed later in gestation for 
rapid fetal karyotyping or when there is oligohydramnios and a 
fluid pocket is not accessible. After the first trimester, this pro
cedure is better known as late CVS or placental biopsy. Placental 
biopsy has now replaced cordocentesis for rapid fetal karyotyp
ing during the second and third trimesters in many centers,

given that it carries a lower risk, is technically easier, and can 
yield cytogenetic results within 24 to 48 hours.

In many cases, either TA-CVS or TC-CVS is acceptable. 
However, one approach may be preferable in certain situations. 
For example, cervical myomas or sharply angulated uteri may 
preclude transcervical passage of the catheter, whereas TA-CVS 
would permit sampling. The transabdominal approach is prefer
able in the presence of genital herpes, cervicitis, or bicornuate 
uteri. W ith either approach, Rh immune globulin should be 
administered to the Rh-negative, Du-negative, unsensitized 
patient unless the fetus is known to be Rh negative. Sampling 
women sensitized to red blood cell antigens should be deferred 
until later in gestation when amniocentesis can be performed.

Safety of Chorionic Villus Sampling
CVS is a relatively safe procedure. Several studies, including 
randomized studies in the United States and Italy, reported 
that the risk for pregnancy loss is similar to that o f second- 
trimester amniocentesis. h'77 However, a systematic review to 
assess comparative safety between TA-CVS and TC-CVS and 
EA and second-trimester amniocentesis concluded that second- 
trimester amniocentesis and TA-CVS are safer than TC-CVS 
and EA.78 A simple comparison to amniocentesis may not be 
valid when CVS is performed because of an increased NT mea
surement, a cystic hygroma, or any other anomaly in which the 
risk for miscarriage is increased.

The prevalence o f IUGR, placental abruption, and prema
ture delivery is no higher in women who undergo CVS than 
in the general population. In the early 1990s, controversy 
about the safety of CVS focused on the risk for limb reduction 
defects (LRDs). The consensus o f most studies was that LRD 
is not a major concern when CVS is performed by experi
enced individuals at 10 to 13 weeks o f gestation. 1 A possible
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association between late first-trimester CVS (13 to 14 weeks) 
and a higher risk for hypertension and preeclampsia was 
reported, but other reports have not confirmed this. It could 
be hypothesized that focal placental disruption is the involved 
mechanism, which supports the theory that disturbances of early 
placentation lead to maternal hypertension.

In summary, patients should be informed that in experi
enced hands, the fetal loss rates are comparable in CVS and 
second-trimester amniocentesis; and when the CVS proce
dure is performed after 9 completed weeks, the risk for limb 
reduction problems is low and is no higher than the general 
population risk o f 6 per 10,000. 1

Chorionic Villus Sampling in Twin Pregnancies
In experienced hands, CVS is safe in multiple gestations. In a 
U.S. study,79 the total loss rate of chromosomally normal fetuses 
(spontaneous abortions, stillborns, neonatal deaths) was 5%, 
only slightly higher than the 4% absolute rate observed in single
ton pregnancies.16 A critical issue in counseling twin pregnan
cies for prenatal diagnosis is to establish chorionicity (see 
Chapter 32). Monochorionic twins are monozygotic; therefore 
they carry the same genetic constitution with a few exceptions. 
Thus if  no significant sonographic differences are seen in either 
fetus, only one sample need be obtained. For dichorionic twin 
pregnancies, both placentas must be sampled. When the placen
tas appear to be fused, it can be helpful to identify the cord 
insertion sites to avoid the cross-contamination of chorionic 
tissue, leading to either false-positive or false-negative results. 
Alternatively, amniocentesis may be the preferred test.

CVS is widely used before selective reduction in multiple 
gestations. Here, it is especially desirable to sample the inferiorly 
lying fetus (usually retained to minimize risk for ascending infec
tion) as well as at least two or three of the other fetuses poten
tially slated to be retained.

Invasive Diagnostic Testing in Women With Hepatitis B, 
Hepatitis C, and Human Immunodeficiency Virus
Bloodborne viruses constitute a risk factor for maternal-fetal 
transmission. Available evidence is limited, but the risk for trans
mission for hepatitis B seems to be very low.80 Knowledge of the 
maternal hepatitis B “e” antigen status is valuable in the counsel
ing of risks associated with amniocentesis. Less information is 
available about hepatitis C , but to date there is no evidence that 
transmission is increased following amniocentesis.80 Invasive 
prenatal testing can be carried out in women who carry 
hepatitis B or C; however, the patient should be informed of 
the limited data on transmission.

In HIV-positive women, noninvasive testing is preferable, 
and invasive testing should be avoided, particularly in the 
third trimester when the relative risk for transmission is 
fourfold when an invasive procedure is performed.80,81 Some 
authors have suggested that procedures early in pregnancy 
would carry a very low risk, provided that antiretroviral therapy 
is administered and the maternal viral load is low. For those 
who insist on an invasive test, amniocentesis is the preferred 
test, and every effort should be made to avoid traversing the 
placenta.

Fetal Blood Sampling
Ultrasound-directed percutaneous umbilical blood sampling 
(PUBS), also termed cordocentesis or funipuncture, can be used 
to obtain fetal blood for cytogenetic or molecular analyses.

One o f the most common indications for PUBS is a fetal 
malformation detected during the second and third trimes
ters. However, as previously described, placental biopsy is a 
safer, easier, and faster alternative that has replaced fetal 
blood sampling in many centers. Further, improvements in 
cytogenetic and molecular diagnostic testing have decreased 
the need for fetal blood sampling. For instance, fetal blood 
sampling was once frequently performed for diagnostic reasons 
in regions with a high prevalence of hemoglobinopathies. Now, 
most of those diagnoses are made by DNA-based analysis of 
chorionic villi.

Fetal blood samples may still be used to help clarify chromo
some mosaicism detected in cultured amniotic fluid cells or 
chorionic villi or for the prenatal evaluation of fetal hematologic 
abnormalities. The fetal hematocrit can be measured to assess 
anemia resulting from Rh or other blood antigen isoimmuniza
tion states. Fetal blood has been used for the diagnosis of blood 
factor abnormalities (gene products) such as hemophilia A, 
hemophilia B, and von W illebrand disease. PUBS is also a valu
able diagnostic approach in cases of nonimmune hydrops fetalis 
because a single procedure provides the opportunity to assess 
different hematologic, genetic, and infectious etiologies.

Technique
Cordocentesis is usually performed from 18 weeks onward, 
although successful procedures have been reported as early as 12 
weeks. Ultrasonographic examination before the procedure is 
necessary to assess fetal viability, placental and umbilical cord 
location, fetal position, and presence or absence of fetal or pla
cental anomalies. Color-flow Doppler imaging is an important 
tool in evaluating the cord and placenta. Maternal sedation is 
not usually required, but oral benzodiazepine before the proce
dure may be of benefit. Although there is no good evidence, 
many centers use prophylactic antibiotics.

Under continuous ultrasound guidance, a 21- or 22-gauge 
spinal needle with a stylet is inserted percutaneously and is 
directed into the umbilical vein. The needle may be inserted 
using a freehand technique or with a needle-guiding device fixed 
to the transducer. Most experienced maternal-fetal medicine 
specialists use the freehand technique. The umbilical vein is 
preferred over the artery because the vein is larger and is less 
likely to be associated with fetal bradycardia and significant 
hemorrhage when punctured. Puncture of the umbilical cord 
at the placental insertion site is technically easier but is associated 
with a higher rate of maternal blood contamination. Free loops 
of cord and the intrahepatic vein are alternatives.

Once the needle is positioned in the umbilical vein, the stylet 
is removed, and a small amount of blood is aspirated into a 
heparin-coated syringe. It is crucial to confirm that the sample 
is fetal in origin, thus a small amount is used for a complete 
blood count to assess the MCV. Fetal blood cells (140 fL) are 
larger than maternal cells (80 fL). The MCV o f a sample o f 
fetal blood should be higher than 100. A useful alternative 
when a complete blood analysis cannot be performed at once is 
the Apt test, or hemoglobin alkaline denaturation test, especially 
before 28 weeks of gestation. Based on the ability of fetal hemo
globin to resist denaturation in alkaline conditions, the Apt test 
is a rapid, inexpensive, and simple bedside alternative.

Fetal movements can interfere with the procedure and can 
sometimes dislodge the needle, which increases the risk of com
plications (bleeding, cord hematoma) and the necessity of 
further cord punctures. In some situations, it may be helpful to
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perform a fetal neuromuscular blockade as is done in therapeutic 
cordocentesis. An intravascular injection as part of the cordo- 
centesis or intramuscular administration of pancuronium 
bromide (0.1 to 0.3 mg/kg of estimated fetal weight) can achieve 
fetal paralysis.82

In at least 1% of pregnancies, a single umbilical artery is 
present, which is usually larger in diameter than normal umbili
cal cord arteries. The fetal loss risk associated with puncture of 
a single umbilical artery (two-vessel cord) appears to be no dif
ferent from that with a normal three-vessel cord. Nevertheless, 
the use of Doppler color-flow mapping to guide the procedure 
and an experienced operator is recommended.

Safety of Fetal Blood Sampling
Loss rates for patients undergoing PUBS vary greatly by indica
tion and by operator experience, more so than with amniocen
tesis or CVS. No randomized clinical trial has been reported. 
Collaborative data from 14 North American centers sam
pling 1600 patients at varying gestational ages for a variety 
of indications found an uncorrected fetal loss rate o f 1.6°/o.83 
Tongsong and associates83 compared a cohort of 1281 women 
with a singleton gestation without a fetal anomaly and undergo
ing cordocentesis between 16 and 24 weeks of gestational age 
with a control group matched for maternal and gestational age; 
the fetal loss rate was 3.2% in the study group compared with 
1.8% in the controls. In another series of 2010 cordocentesis 
procedures in singleton pregnancies, the procedure-related fetal 
loss rates within 2 weeks were 1% when performed before 24 
weeks and 0.8% after 24 weeks.84 Cordocentesis can be success
fully performed in multifetal gestation; lim ited data suggest 
higher overall fetal loss rates (10.5%) with no increase in the 
procedure-related loss rates.85

Bleeding from the cord puncture is the most common com
plication and may be seen in 30% to 41% of cases.86 Duration 
of bleeding is significantly longer after arterial than after umbili
cal vein puncture. However, usually the blood loss is not clini
cally significant in either case. Van Kamp and coworkers87 also 
describe bleeding from the puncture site significantly more often 
and of longer duration after transamniotic cord puncture than 
after transplacental puncture. Transient fetal bradycardia occurs 
in approximately 10% of procedures. Both umbilical artery 
puncture and severe, early-onset growth restriction were associ
ated with increased rates of bradycardia. Finally, the extent of 
fetomaternal hemorrhage or transfusion depends on the dura
tion of the procedure, bleeding time, puncture site, and use of 
a transplacental approach.

Maternal complications are rare but include amnionitis and 
transplacental hemorrhage.87 In general, these complications do 
not significantly compromise maternal health status. However, 
there are case reports of severe sepsis.39

PREIMPLANTATION GENETIC DIAGNOSIS
Preimplantation genetic diagnosis (PGD) is not simply “earlier” 
prenatal genetic diagnosis but an additional approach with novel 
applications. PGD allows diagnosis within 6 days o f concep
tion, when implantation occurs.

Obtaining Embryonic and Gamete DNA
There are three potential approaches for obtaining embryonic 
DNA for PGD as a part of ART: (1) polar body biopsy, prior 
to or at the time of fertilization; (2) blastomere biopsy

(aspiration) from the 3-day six- to eight-cell cleaving embryo; 
and (3) trophectoderm biopsy from the 5- to 6-day blastocyst.

Initial work in most centers involved blastomere biopsy, the 
zona pellucida being traversed by mechanical or laser means to 
remove a blastomere. A pitfall is that removal of a blastomere 
reduces embryo survival by 10%; removal of two cells reduces 
the pregnancy rate further and is generally not performed.88

Polar bodies are extruded at both the first and second meiotic 
divisions, as the number of chromosomes is first reduced (46 to 
23) in meiosis I, and then each chromosome is divided into 
single chromatids in meiosis II. Diagnosis is by deduction given 
that the oocyte per se is not tested. As an example, if  the first 
polar body shows no chromosome 21, the oocyte can safely be 
presumed to have two 21 chromosomes and, hence, once fertil
ized, the embryo would be trisomic. The same deductive reason
ing can be applied in single-gene disorders. If a polar body from 
a heterozygous female shows a mutant allele, the nondisturbed 
oocyte can be deduced to be genetically normal.

The obvious disadvantage of polar body biopsy is the inability 
to assess paternal genotype, which precludes application if  the 
father has an autosomal-dominant disorder and makes analysis 
less efficient in managing couples at risk for autosomal-recessive 
traits. However, 95% of chromosome abnormalities arise from 
maternal meiotic errors, thus polar body approaches are almost 
always applicable. The reader can refer to the work of Simpson89 
or Kuliev and colleagues90 for additional details, in particular 
concerning how to handle recombination observed in the first 
polar body.

At present, the preferred approach for PGD involves 
biopsy o f the trophectoderm in the 5- to 6-day blastocyst.
Given 120 or more total cells, more cells can be safely removed 
at biopsy, which facilitates diagnosis. Another advantage is that 
the trophectoderm forms the placenta, thus cells removed were 
not destined to be in the embryo (inner cell mass). The addi
tional 2 to 3 days in culture for blastocysts beyond that required 
for an eight-cell embryo further allows self-selection against 
nonthriving embryos. Approximately one third of embryos with 
chromosome abnormalities are selected against (lost) between 
days 3 and 5; however, PGD is still necessary to exclude the 
remaining aneuploidies. The value of trophectoderm biopsy has 
been enhanced by the ability to cryopreserve a biopsied embryo. 
This allows transfer at a later time, when the endometrium 
should be more receptive after the effects of ovulation stimula
tion have dissipated.

Novel Indications Addressed Only by 
Preimplantation Genetic Diagnosis 
To Avoid Pregnancy Termination
PGD is the only prenatal genetic diagnostic approach avail
able for couples who wish to avoid an abnormal fetus yet are 
opposed to pregnancy termination for religious or other 
reasons. In fact, PGD using only the first polar body allows 
preconceptional diagnosis— that is, before fertilization has even 
occurred and an embryo has been formed. The second polar 
body is, however, not extruded until the mature oocyte is fertil
ized, thus its analysis would not truly be preconceptional.

Nondisclosure of Parental Genotype
Suppose a person at risk for an adult-onset disorder wishes 
to remain unaware of his or her genotype yet not transmit 
any mutation present to his or her offspring. Prototypic indica
tions involve Huntington disease and autosomal-dominant
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early-onset Alzheimer disease. PGD is the only practical prenatal 
diagnostic approach because multiple embryos can be screened 
and only unaffected embryos transferred; the patient volitionally 
remains oblivious to diagnostic results and whether he or she is 
or is not destined to develop the conditions. A caveat is that the 
scenario must be repeated in subsequent cycles, even if  the 
(undisclosed) patient proves unaffected. Otherwise, any at-risk 
patients would readily deduce their genotype.

Human Leukocyte Antigen-Compatible Embryos for 
Umbilical Cord Blood Stem Cell Transplantation
Given a couple at risk for certain single-gene disorders that affect 
bone marrow (e.g., (3-thalassemia), it may be desirable to avoid 
having another genetically abnormal child. Having the trans
ferred embryo be a human leukocyte antigen (HLA)-compatible 
sibling would be invaluable if  an older, moribund sibling has a 
lethal disease that could be treated by stem cell transplantation 
to repopulate his or her bone marrow. Stem cell transplantation 
using cord blood is very successful (95%) if  the cord blood is 
HLA compatible but much less so (65%) if  not HLA compat
ible. PGD allows selection of the one in four embryos that are 
HLA compatible with a liveborn sibling.

This strategy is practical only with PGD because if  the preg
nancy is at risk for an autosomal-recessive disorder, the likeli
hood of a genetically normal, HLA-compatible embryo is only 
3 in 16—that is, the odds are 1 in 4 for the desired HLA- 
compatible embryo, multiplied by the 3 in 4 likelihood of also 
being unaffected, or 3 in 16. Experience using the above 
approach has paralleled predictions.

In the United States and Turkey, testing for HLA- 
compatible embryos without risk for genetic disease is also 
well accepted. The prime indication is an older sibling with 
leukemia. In the United States, approximately one third o f  
HLA PGD cases are performed for this purpose; this indica
tion is uncommon in the United Kingdom.

Preimplantation Genetic Diagnosis for 
Chromosomal Indications 
METHODOLOGY
Because it is not possible to reliably obtain a karyotype on a 
single cell, preimplantation cytogenetic analysis (numeric or 
structural) must rely on other methods. Initially, this involved 
FISH using chromosome-specific probes.91

Array CGH now allows interrogation of all chromosomes and 
some microdeletions and microduplications, whereas FISH can 
only evaluate 9 to 12 chromosomes. O f note, the type of array 
CGH used in PGD is different from that used in chorionic villi 
or amniotic fluid cells; it has lower resolution and was princi
pally designed only for aneuploidy detection. Thus the dilemma 
of disclosing or not disclosing CNVs of uncertain clinical sig
nificance arises only rarely in PGD. An alternative approach that 
allows interrogation of all 24 chromosomes uses SNP “kary- 
omapping” or “comprehensive screening.”

NUMERIC CHROMOSOME ABNORMALITIES
Excluding aneuploidy in couples at increased risk who also wish 
to avoid clinical pregnancy termination uniquely requires PGD. 
Ordinarily, excluding aneuploidy definitively would not be 
accomplished by PGD but rather by CVS or amniocentesis. 
However, PGD would be more logical if  a couple must undergo 
ART for infertility, and PGD offers the added benefit of transfer
ring only euploid embryos. Indeed, an inverse relationship exists

between the ART pregnancy rate and frequency of miscarriages. 
That ART success declines precipitously beginning late in the 
fourth decade is not due to endometrial factors, as witnessed 
by successful pregnancies following use of donor oocytes for 
women in their sixth decade and beyond. However, miscarriage 
of aneuploid embryos increases with age. Thus an obvious strat
egy would be to perform PGD, transfer euploid embryos, and 
increase the proportion of potentially viable pregnancies.

By 2000, larger PGD and ART centers in the United States 
and Europe were thus offering PGD to improve pregnancy rates 
in older women, using FISH with a lim ited number of (5 to 9) 
chromosome-specific probes. Despite these experienced centers 
not being able to conduct a randomized controlled trial (RCT), 
impressive results were observed.8̂ '91 However, RCTs in smaller 
centers later failed to show salutary benefits. Although these 
RCTs had methodologic flaws, lack of an RCT showing benefit 
understandably impeded acceptance. By 2012, however, new 
approaches were being applied. First, trophectoderm biopsy 
became the principal method, rather than cleavage-stage embryo 
biopsy, which is subject to mosaicism and can sometimes be 
technically demanding. Second, most importantly array- or 
SNP-based 24-chromosome aneuploidy testing became possible, 
as noted. In 2012, RCTs from several U.S. labs showed a 20% 
improvement in blastocyst-transfer pregnancy rates when com
paring transfer of a single PGD euploid pregnancy to a single 
nonbiopsied embryo.92,93 Although encouraging, the use of 
PGD has not yet clearly demonstrated the ability to improve 
the frequency o f liveborn neonates in RCTs.

PGD aneuploidy testing also has the potential to reduce 
multiple gestations in ART, given that multiple embryos are 
often transferred on the assumption that not all embryos will 
generate viable pregnancies. But if  they do, multiple gestations 
can arise. Forman and colleagues94 performed an RCT of women 
at a mean age of approximately 35 years who were undergoing 
ART. There were two arms: transfer of two blastocysts without 
PGD versus transfer of one blastocyst known to be euploid 
by PGD. Pregnancy rates were not statistically different 
(65% vs. 61%), but the rate of twins was impressively different 
(55% vs. 0%).

STRUCTURAL CHROMOSOME ABNORMALITIES
PGD is applicable for detecting unbalanced translocations. In 
Chapter 27 we describe how translocations predispose to unbal
anced gametes that often yield miscarriages. This unavoidably 
delays the time needed to achieve a normal pregnancy. In couples 
with a translocation, the mean time to achieve a natural liveborn 
pregnancy is 5 years, much greater than in couples without a 
translocation.95 Therefore PGD can shorten the amount of time 
it takes to achieve a liveborn delivery for those with a transloca
tion. One caveat when using array CGH in PGD is that geneti
cally normal embryos cannot be distinguished from those that 
are translocation carriers because in both, the same (normal) 
amount of DNA is present.

Preimplantation Genetic Diagnosis 
for Single-Gene Disorders
Approximately one fourth o f PGD cases are performed for 
couples at risk for one or more single-gene disorders. Like 
other forms of single-gene prenatal genetic diagnosis, PGD can 
be performed when the chromosomal location of the gene with 
the disorder is known, even if  the causative mutation is not. 
Over 300 different conditions have been tested by PGD
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worldwide, the most frequent being hemoglobinopathies, CF, 
fragile X syndrome, and Duchenne muscular dystrophy. Kuliev 
and colleagues90 enumerated experience with PGD for single
gene disorders at their center in 2982 cycles that involved 1685 
patients. This yielded 1095 pregnancies and 1118 live births; 47 
pregnancies were still ongoing at the time of publication.

The major technical pitfall in single-gene PGD is the small 
amount of DNA that must be amplified to provide a sufficient 
amount for diagnostic tests. The technology for whole-genome 
amplification (WGA) is imperfect, such that 5% to 10% of 
alleles are not amplified sufficiently even in the most experienced 
hands.90 This results in the phenomenon of allele dropout 
(ADO), which probably reflects stochastic phenomena (i.e., 
failure of probes to locate and anneal with patient DNA) and 
likely is exacerbated if  embryo damage occurs during biopsy. 
Linkage data are thus obligatory in single-gene PGD analysis to 
lim it the chance of erroneous or noninformative results that 
could arise if  only the mutant allele were interrogated.

Another indication for PGD involves adult-onset mende- 
lian conditions. PGD is most frequently performed for preg
nancies at risk for adult-onset cancers, such as with the presence 
of BRCA1, Li-Fraumeni syndrome, multiple endocrine neopla
sia (MEN), familial adenomatous polyposis (FAP), retinoblas
toma, and von Hippel-Lindau syndrome.96 In the United States, 
relatively little controversy now exists for testing for these condi
tions, but reticence remains in Europe.

Safety of Preimplantation Genetic Diagnosis
Removal of an embryonic cell logically might decrease survival 
or prevent implantation, and hence it would reduce pregnancy 
rates. This appears true at least with respect to removal of blas- 
tomeres88; viability is reduced by 10%  when a single blasto- 
mere is removed. Viability aside, the totipotential nature of 
embryonic cells means, at least theoretically, that biopsy will not 
cause anomalies in liveborn infants. The reason is that loss of 
one or more cells prior to irrevocable differentiation into a spe
cific embryologic developmental pathway should not confer 
organ-specific damage if  another cell has the capacity to accom
plish the same purpose.

Indeed, available data indicate no increased rate o f birth 
defects in liveborn infants who had been subjected as embryos 
to PGD. In addition, no differences are apparent between 
offspring that result from single-gene PGD testing for single
gene mutations versus PGD testing for aneuploidy.

INTACT FETAL CELLS
Intact fetal cells exist in maternal blood at an esimated ratio 
of one intact fetal cell per million to 10 million maternal 
cells. Noninvasive diagnosis based on intact fetal cells is very 
attractive because genetic information derived from a single 
nucleated fetal cell would be considerably greater than that cur
rently attainable by cell-free fetal DNA methods. If feasible and 
not overly expensive, the recovery of intact fetal cells noninva- 
sively would likely be the optimal method of prenatal genetic 
diagnosis.

Enriching for nucleated fetal red blood cells and interrogating 
FISH with chromosome-specific probes, Price and colleagues98 
were the first to detect fetal aneuploidy (trisomy 18) in maternal 
blood. This advance soon was followed by noninvasive detection 
of trisomy 21 by others.99 The major problem became that the 
expected number of fetal cells was not recovered, presumably

having been lost in processing. An NICHD collaborative study 
assessed the accuracy of intact fetal cell recovery in four centers 
that used two different methods. Overall, 74% of aneuploidies 
were detected (32 of 43 cases).100 However, this method was 
laborious and was hindered by lack of consistent cell recovery. 
Noninvasive prenatal testing thereafter began to focus on cell- 
free fetal DNA, as discussed above. However, several biotech 
groups have continued to pursue recovery of intact fetal cells, 
including nucleated red blood cells. None currently offers 
clinical testing.

At present the most promising approach appears to involve 
recovery o f fetal trophoblasts in maternal blood. Paterlini- 
Brechot and colleagues initially demonstrated proof of principle 
for recovering individual trophoblasts on a filter. Fetal origin was 
confirmed based on paternal polymorphisms, and fetal genotype 
was determined. A 2012 study101 of 63 consecutive cases of CF 
and SMA showed clinically useful sensitivity and specificity.

In summary, ability to recover, transport, and analyze 
intact fetal cells in maternal blood would be transformative 
and would likely replace all other approaches used to obtain 
fetal DNA. However, additional development is still neces
sary before clinical utility will exist.

KEY POINTS

♦ About 3% of liveborn infants have a major congenital 
anomaly due to a chromosome abnormality, single-gene 
mutation or multifactorial/polygenic inheritance, or 
exogenous factors (teratogens).

♦ Noninvasive screening tests for the common autosomal 
trisomies should be offered at any age, providing patient- 
specific aneuploidy risks. First-trimester screening using 
serum analytes (free hCG and PAPP-A) and an NT 
measurement has a detection rate of 85% to 87% with 
a false-positive rate of 5%. For women at high risk for 
trisomy 21, cfDNA analysis is available as early as 10 
weeks’ gestation, with a detection rate of greater than 
99%; however, confirmatory invasive diagnostic testing 
is recommended.

♦ Second-trimester noninvasive screening with four 
analytes— hCG, AFP, uE3, and inhibin A— has an 80% 
detection rate and can be performed in conjunction 
with first-trimester screening to yield a higher detection 
rate of 95%.

♦ Invasive prenatal diagnosis with chromosome microar
rays allows comprehensive analysis of the entire genome 
at a finer resolution than a routine karyotype and is 
capable of detecting trisomies and unbalanced translo
cations as well as submicroscopic deletions and duplica
tions of the genome (CNVs). It has several advantages 
over conventional cytogenetic testing, especially in the 
fetus with a structural malformation. Clinically signifi
cant CNVs were detected in 6% of the fetuses with a 
normal karyotype and suspected structural anomalies or 
growth abnormalities.

♦ Screening for carriers for [3-thalassemia and a-thalassemia 
can be inexpensively performed on the basis of an M CV 
less than 80% followed by hemoglobin electrophoresis, 
once iron deficiency has been excluded.
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♦ CF is found in all ethnic groups, but the heterozygote 
frequency is higher in non-Hispanic whites of northern 
European (1 in 25) or Ashkenazi Jewish origin (1 in 24) 
than in other ethnic groups (black 1/61, Hispanic 1/58, 
Asian 1/94). More than 1500 mutations have been 
identified in the gene for CF, but carrier screening is 
obligatory only for a specified panel of 23 mutations. 
In northern European white and Ashkenazi Jewish indi
viduals, the heterozygote detection rate using the speci
fied panel is 88% and 94%, respectively. In other ethnic 
groups, detection rates are lower (64% in blacks, 72% 
in Hispanics, and 49% in Asian Americans).

♦ Most single-gene disorders can now be detected by 
molecular methods if  fetal tissue is available, given that 
the location of the causative mutant gene is known for 
most disorders. Linkage analysis can be applied if  the 
gene has been localized but not yet sequenced or if  the 
mutation responsible for the disorder in a given family 
remains unknown despite sequencing. This option rep
resents a transformational improvement over previous 
methods, which relied on a number of different indirect 
approaches.

♦ Amniocentesis (15 weeks or later) and CVS (10 to
13 weeks) are equivalent in safety (1 in 300 to 500 
loss rate) and diagnostic accuracy. Amniocentesis 
before 13 weeks is not recommended because of an 
unacceptable risk for pregnancy loss and clubfoot 
(talipes equinovarus).

♦ Congenital malformations that involve a single organ 
system (e.g., spina bifida, facial clefts, cardiac defects) 
are considered multifactorial or polygenic. After the 
birth of one child with a birth defect that involves only 
one organ system, the recurrence risk in subsequent 
offspring is 1% to 5%. M any of these congenital anom
alies can be diagnosed in utero using ultrasonography 
or fetal echocardiography.

♦ Neural tube defects may be detected by either ultra
sonography or MSAFP screening in the second 
trimester.

♦ PGD requires removal of one or more cells (polar body 
blastomere, trophectoderm) from the embryo. Diagno
sis uses molecular techniques to detect single-gene dis
orders and either FISH or chromosome array CGH to 
detect chromosome abnormalities (e.g., trisomy). PGD 
also allows for avoidance of clinical pregnancy termina
tion, fetal (embryonic) diagnosis without disclosure of 
parental genotype (e.g., Huntington disease), and selec
tion of HLA-compatible embryos.

REFERENCES
1. Hook EB. Rates of chromosome abnormalities at different maternal ages. 

Obstet Gynecol. 1981 ;58:282.
2. Hook EB, Cross PK, Schreinemachers DM. Chromosomal abnormality 

rates at amniocentesis and in live-born infants. JAMA. 1983;249:2034.
3. Ruggeri A, Dulcetti F, Miozzo M, et al. Prenatal search for UPD 14 and 

UPD 15 in 83 cases of familial and de novo heterologous robertsonian 
translocations. Prenat D iagn. 2004;24:997.

4. Weise A, Mrasek K, Klein E, et al. Microdeletion and microduplication 
syndromes./ H isto ch em  Cytochem. 2012;60:346-358.

5. Miller DT, Adam MP, Aradhya S, et al. Consensus statement: chromo
somal microarray is a first-tier clinical diagnostic test for individuals with

developmental disabilities or congenital anomalies. Am J  Hum Genet. 
2010;86:749-764.

6. Bondy CA, Turner Syndrome Study Group. Care of girls and women with 
Turner syndrome: a guideline of the Turner Syndrome Study Group. J  Clin 
E ndocrinol Metab. 2007;92:10.

7. Simpson JL, de La Cruz F, Swerdloff RS, et al. Klinefelter syndrome: 
expanding the phenotype and identifying new research directions. Genet 
M ed. 2003;5:460.

8. Graham JM , Simpson JL, Samango-Sprouse C. Klinefelter syndrome. In: 
Cassidy SB, Allanson J, eds. M anagem en t o f  G enetic Syndromes. 2nd ed. 
Hoboken, NJ: John W iley & Sons; 2005:323.

9. Haverty CE, Lin AE, Simpson E, et al. 47, XXX associated with malfor
mations. Am J  M ed  G enet A. 2004;125:108.

10. Nicolaides KH. Nuchal transparency and other first trimester sonographic 
markers of chromosomal abnormalities. Am J  Obstet Gynecol. 2004; 191:45.

11. Krantz DA, Hallahan TW, Orlandi F, et al. First-trimester Down syn
drome screening using dried blood biochemistry and nuchal translucency. 
O bstet Gynecol. 2000;96:207.

12. Wapner R, Thom E, Simpson JL, et al. First trimester screening for triso
mies 21 and 18. N Engl J  Med. 2003;349:l405.

13. Wald NJ, Rodeck C, Hackshaw AK, et al. First and second trimester 
antenatal screening for Downs syndrome: the results of the serum, urine 
and ultrasound screening study (SURUSS)./ M ed  Screen. 2003;10:56.

14. Malone FD, Canick JA, Ball RH, et al. First-trimester or second-trimester 
screening or both for Down’s syndrome. N  Engl J  M ed. 2005;353:2001.

15. Malone FD, Ball RH, Nyberg DA, et al. First-trimester septated cystic 
hygroma: prevalence, natural history and pediatric outcome. Obstet 
Gynecol. 2005;106:288.

16. Comstock CH, Malone FD, Ball RH, et al. Is there a nuchal translucency 
millimeter measurement above which there is no added benefit from first 
trimester serum screening? Am J  Obstet Gynecol. 2006; 195:843.

17. Avgidou K, Papageorghiou A, Bindra R, et al. Prospective first-trimester 
screening for trisomy 21 in 30,564 pregnancies. Am J  Obstet Gynecol. 
2005;192:1761.

18. Souka AP, Krampl E, Bakalis S, et al. Outcome of pregnancy in chromo- 
somally normal fetus with increased nuchal translucency in the first tri
mester. U ltrasound Obstet Gynecol. 2001; 18:9.

19. Bogart MH, Pandian MR, Jones OW. Abnormal maternal serum chorionic 
gonadotropin levels in pregnancies with fetal chromosome abnormalities. 
Prenat D iagn. 1987;7:623.

20. Canik JA, Knight GI, Palomaki GE, et al. Low second trimester maternal 
serum unconjugated oestriol in pregnancies with Downs syndrome. Br J  
Obstet Gynaecol. 1988;95:330.

21. Palomaki GE, Knight GJ, Haddow JE, et al. Prospective intervention trial 
of a screening protocol to identify fetal trisomy 18 using maternal serum 
alpha-fetoprotein, unconjugated oestrial and human chorionic gonadotro
pin. Prenat D iagn. 1992; 12:925-

22. Palomaki GE, Haddow JE, Knight GJ, et al. Risk-based prenatal screening 
for trisomy 18 using alpha-fetoprotein, unconjugated oestriol and human 
chorionic gonadotrophin. Prenat D iagn. 1995;15:713.

23. Palomaki GE, Knight GJ, Haddow JE, et al. Cigarette smoking and levels 
of maternal serum alpha-fetoprotein, unconjugated estriol, and hCG: 
impact on Down syndrome screening. Obstet Gynecol. 1993;81:675.

24. Cuckle HS, Spenser K, Nicolaides KH. Down syndrome screening marker 
levels in women with a previous aneuploidy pregnancy. Prenat Diagn. 
2005;25:47.

25. Malone FD, Cuckle H, Ball RH, et al. Contingent screening for trisomy 
21 results from a general population screening trial. Am J  O bstet Gynecol. 
2005;193:S29.

26. Cuckle H. Integrating antenatal Downs syndrome screening. Curr Opin 
O bstet Gynecol. 2001; 13:175.

27. Cuckle H, Arbuzova S. Multimarkers maternal serum screening for chro
mosomal abnormalities. In: Milunsky A, ed. G enetic D isorders a n d  the 
Fetus. 5th ed. Baltimore: Johns Hopkins University Press; 2004:795.

28. Palomaki GE, Kloza EM, Lambert-Messerlian GM, et al. DNA sequenc
ing of maternal plasma to detect Down syndrome: an international clinical 
validation study. Genet Med. 2011;13:913-920.

29. Palomaki GE, Deciu C, Kloza EM, et al. DNA sequencing of maternal 
plasma reliably identifies trisomy 18 and 13 as well as Down syndrome: 
an international collaborative. G enet M ed. 2012;14:296-305.

30. Norton ME, Brar H, Weiss J, et al. Non-invasive chromosomal evaluation 
(NICE) study: results of a multicenter prospective cohort study for detec
tion of fetal trisomy 21 and 18. Am J  Obstet Gynecol. 2012;207:137.el- 
137.e8.

31. Lau TK, Cheung SW, Lo PS, et al. Non-invasive prenatal testing for fetal 
chromosomal abnormalities by low-coverage whole-genome sequencing of

ak
us

he
r-li

b.r
u



Chapter 10 Genetic Screening and Prenatal Genetic Diagnosis 217

maternal plasma DNA: review of 1982 consecutive cases in a single center. 
Ultrasound O bstet Gynecol. 2014;43:254-264.

32. American College of Obstetricians and Gynecologists Committee 
on Genetics and the Society for Maternal Fetal Medicine Publications 
Committee: Noninvasive prenatal testing for fetal aneuploidy, ACOG 
Committee Opinion 545 (Dec 2012). Obstet Gynecol. 2012; 120: 
1532-1534.

33. Gregg AH, Gross SJ, Best RG, et al. ACMG statement on noninvasive 
prenatal screening for fetal aneuploidy. Genet Med. 2013;15:395-398.

34. Nicolaides KH, Syngelaki A, Ashoor G, et al. Noninvasive prenatal testing 
for fetal trisomies in a routinely screened first-trimester population. Am J  
Obstet Gynecol. 2012;207:374.el-374.e6.

35. Norton ME, Jacobsson B, Swamy GK, et al. Cell-free DNA analysis for 
noninvasive examination of trisomy. N ew Engl J  Med. 2015;372: 
1589-1597.

36. Bianchi DW, Parker RL, Wentworth J, et al. DNA sequencing versus 
standard prenatal aneuploidy. N  Engl J  M ed. 2014;370:799-808.

37. Boyle B, Morris JK, McConkey E, et al. Prevalence and risk of Down 
syndrome in monozygotic and dizygotic multiple pregnancies in Europe: 
implications for prenatal screening. BJOG. 2014;121:809-820.

38. Nicolaides KH, Brizot ML, Snijders RJ. Fetal nuchal translucency: ultra
sound screening for fetal trisomy in the first trimester of pregnancy. Br J  
Obstet Gynaecol. 1994; 101:782.

39. Cleary-Goldman J, Rebarber J, Krantz D, et al. First-trimester screening 
with nasal bone in twins. Am J  Obstet Gynecol. 2008; 199:el-283.e3.

40. Canick JA, Kloza EM, Lambert-Messerlian GM, et al. DNA sequencing 
of maternal plasma to identify Down syndrome and other trisomies in 
multiple gestation. Prenat D iagn. 2012;32:730-734.

41. Gromminger S, Smerdka P, Ehrich M, et al. Fetal aneuploidy detection by 
cell-free DNA sequencing for multiple pregnancies and quality issues with 
vanishing tw ins./ Clin Med. 2014;3:679-692.

42. Benacerraf BR, Barss VA, Laboda LA. A sonographic sign for the detection 
in the second trimester of the fetus with Down’s syndrome. Am J  Obstet 
Gynecol. 1985; 151:1078.

43. Smith-Bindman R, Hosmer W, Feldstein VA, et al. Second-trimester ultra
sound to detect fetuses with Down syndrome: a meta-analysis. ]AMA. 
2001;285:1044.

44. American College of Obstetricians and Gynecologists Committee on Prac
tice Bulletins: screening for fetal chromosomal abnormalities, ACOG 
Practice Bulletin 77 (Jan 2007). Obstet Gynecol. 2007; 109:217.

45. Daniel A, Hook EB, Wulf G. Risks of unbalanced progeny at amniocen
tesis to carriers of chromosome rearrangements: data from United States 
and Canadian laboratories. Am J  M ed  Genet. 1989;33:14.

46. Shaffer LG, Dabel MP, Fisher AJ, et al. Experience with microarray-based 
comparative genomic hybridization for prenatal diagnosis in over 5000 
pregnancies. Prenat D iagn. 2012;32:976-985.

47. Simpson JL, Lamb DJ. Genetic effects of intracytoplasmic sperm injection. 
Semin R eprod M ed. 2001; 19:239.

48. American College of Obstetricians and Gynecologists Committee on 
Genetics. ACOG Committee Opinion No. 581: the use of chromosomal 
microarray analysis in prenatal diagnosis. Obstet Gynecol. 2013; 122: 
1374-1377.

49. Wapner RJ, Martin CL, Levy B, et al. Chromosomal microarray versus 
karyotyping for prenatal diagnosis. N  Engl J  Med. 2012;367:2175-2184.

50. Oneda B, Baldinger R, Reissmann R, et al. High-resolution chromosomal 
microarrays in prenatal diagnosis significantly increase diagnostic power. 
Prenat D iagn. 2014;34:525-533.

51. Lee C-N, Lin SY, Lin CH, et al. Clinical utility of array comparative 
genomic hybridization for prenatal diagnosis: a cohort study of 3171 
pregnancies. BJOG. 2012;119:614-625.

52. Bernhardt BA, Soucier D, Hanson K, et al. Women’s experiences receiving 
abnormal prenaatal chromosomal microarray testing results. Genet Med.
2013;15:139-145.

53. Reddy UM, Page GP, Saade GR, et al. Karyotype versus microarray 
testing for genetic abnormalities after stillbirth. N  Engl J  Med. 2012;367: 
2185-2193.

54. Pertl B, Kopp S, Kroisel PM, et al. Rapid detection of chromosome aneu- 
ploidies by quantitative fluorescence PCR: first application on 247 chori
onic villus samples. J  M ed  Genet. 1999;36:300.

55. Hsu LY. Prenatal diagnosis of chromosome abnormalities through amnio
centesis. In: Milunsky A, ed. Genetic Disorders a n d  th e Fetus. 3rd ed. 
Baltimore: The Johns Hopkins University Press; 1986:155.

56. Stetten G, Escallon CS, South ST, et al. Reevaluating confined placental 
mosaicism. Am J  M ed  Genet A. 2004;131:232.

57. Ledbetter DH, Zachary JM , Simpson JL, et al. Cytogenetic results from 
the U.S. Collaborative Study on CVS. Prenat D iagn. 1992; 12:317.

58. Hahnemann JM , Vejerslev LO. European collaborative research on mosa
icism in CVS (EUCROMIC): fetal and extrafetal cell lineages in 192 gesta
tions with CVS mosaicism involving single autosomal trisomy. Am J  M ed  
Genet. 1997;70:179.

59. Kotzot D. Abnormal phenotypes in uniparental disomy (UPD): funda
mental aspects and a critical review with bibliography of UPD other than
15. Am J  M ed  Genet. 1999;82:265.

60. Warburton D. De novo balanced chromosome rearrangements and extra 
marker chromosomes identified at prenatal diagnosis: clinical significance 
and distribution of breakpoints. Am J  M ed  Genet. 1991 ;49:995.

61. Hume RF Jr, Drugan A, Ebrahim SA, et al. Role of ultrasonography in 
pregnancies with marker chromosome aneuploidy. Fetal D iagn Ther.
1995; 10:182.

62. ACOG Committee on Genetics. Committee Opinion No. 442: Prenatal 
and Preconceptional Carrier Screening for Genetic Diseases in Individuals 
of Eastern European Jewish Descent. G ynecol Obstet. 2009; 114: 
950-953.

63. American College of Obstetricians and Gynecologists Committee on 
Obstetrics. ACOG Practice Bulletin No. 78: hemoglobinopathies in preg
nancy. Obstet Gynecol. 2007;109:229-237.

64. American College of Obstetricians and Gynecologists Committee on 
Genetics. ACOG Committee Opinion No. 486: update on carrier screen
ing for cystic fibrosis. O bstet Gynecol. 2011;117:1028-1031.

65. American College of Obstetricians and Gynecologists Committee on 
Genetics. ACOG Committee Opinion No. 469: carrier screening for 
fragile X syndrome. Obstet Gynecol. 2010; 116:1008.

66. ACOG Committee on Genetics. ACOG Committee Opinion no. 432: 
spinal muscular atrophy. Obstet Gynecol. 2009; 113:1194.

67. Prior TW. Carrier screening for spinal muscular atrophy. Genet Med. 
2008;10:840.

68. Grody WW, Cutting GR, Klinger KW, et al. Laboratory standards and 
guidelines for population-based cystic fibrosis carrier screening. Genet 
Med. 2001;3:149.

69. Abeliovich D, Lavon IP, Lerer I, et al. Screening for five mutations detects 
97% of cystic fibrosis (CF) chromosomes and predicts a carrier frequency 
of 1:29 in the Jewish Ashkenazi population. Am J  Hum Genet. 1992; 
51:951.

70. ACOG Practice Bulletin. N eural tube defects. N umber 44. Washington, 
DC: American College of Obstetricians and Gynecologists; 2003.

71. Simpson JL, Palomaki GE, Mercer B, et al. Associations between adverse 
perinatal outcome and serially obtained serum. Am J  Obstet Gynecol.
1995; 173:1742.

72. Krause TG, Christens P, Wohlfahrt J, et al. Second-trimester maternal 
serum alpha-fetoprotein and risk of adverse pregnancy outcome (1). Obstet 
Gynecol. 2001;97:277.

73. Smith GC, Wood AM, Pell JP, et al. Second-trimester maternal serum 
levels of alpha-fetoprotein and the subsequent risk of sudden infant death 
syndrome. N  Engl J  Med. 2004;351:978.

74. American College of Obstetricians and Gynecologists. ACOG Practice 
Bulletin No. 88: Invasive Prenatal Testing for Aneuploidy. Obstet Gynecol. 
2007;110:1459-1467.

75. Lawson HW, Frye A, Atrash HK, et al. Abortion mortality, United States, 
1972 through 1987. Am J  Obstet Gynecol. 1994; 171:1365.

76. Rhoads GG, Jackson LG, Schlesselman SE, et al. The safety and efficacy 
of chorionic villus sampling for early prenatal diagnosis of cytogenetic 
abnormalities. N  Engl J  M ed. 1989;320:609.

77. Jackson LG, Zachary JM , Fowler SE, et al. A randomized comparison of 
transcervical and transabdominal chorionic-villus sampling. The U.S. 
National Institute of Child Health and Human Development Chorionic- 
Villus Sampling and Amniocentesis Study Group. N  Engl J  Med. 1992; 
327:594.

78. Alfirevic Z, Sundberg K, Brigham S. Amniocentesis and chorionic villus 
sampling for prenatal diagnosis. Cochrane Database Syst Rev. 2003; 
CD003252.

79. Pergament E, Schulman JD, Copeland K, et al. The risk and efficacy of 
chorionic villus sampling in multiple gestations. Prenat D iagn. 1992; 
12:377.

80. Davies G, Wilson RD, Desilets V, et al. Amniocentesis and women with 
hepatitis B, hepatitis C, or human immunodeficiency virus. JOGC. 2003; 
25:145.

81. Maiques V, Garcia-Tejedor A, Perales A, et al. HIV detection in amniotic 
fluid samples: Amniocentesis can be performed in HIV pregnant women? 
Eur J  O bstet Gynaecol. 2003; 108:137.

82. Copel JA, Grannum PA, Harrison D, Hobbins JC. The use of intravenous 
pancuronium bromide to produce fetal paralysis during intravascular 
transfusion. Am J  Obstet Gynecol. 1988; 158:170.

ak
us

he
r-li

b.r
u



218 Section II Prenatal Care

83. TongsongT, Wanapirak C, Kunavikatikul C, et al. Fetal loss rate associated 
with cordocentesis at midgestation. Am J  Obstet Gynecol. 2001;184:719.

84. Liao C, Wei J, Li Q, et al. Efficacy and safety of cordocentesis for prenatal 
diagnosis. In t J  G ynaecol Obstet. 2006;93:13.

85. Tongprasert F, TongsongT, Wanapirak C, et al. Cordocentesis in multife- 
tal pregnancies. Prenat D iagn. 2007;27:1100.

86. Weiner CP, Wenstrom KD, Sipes SL, Williamson RA. Risk factors for 
cordocentesis and fetal intravascular transfusion. Am J  Obstet Gynecol. 
1991:165:1020.

87. Van Kamp IL, Klumper FJ, Oepkes D, et al. Complications of intrauterine 
intravascular transfusion for fetal anemia due to maternal red-cell alloim
munization. Am J  Obstet Gynecol. 2005:192:171.

88. Cohen J, Wells D, Munne S. Removal of two cells from cleavage stage 
embryos is likely to reduce the efficacy of chromosomal test employed to 
enhance implantation rates. Fertil Steril. 2007:87:496-503.

89. Simpson JL. Preimplantation Genetic Diagnosis at 20 years. Prenat Diagn. 
2010:30:682-695.

90. Kuliev A, Rechitsky S, Verlinsky O. Atlas o f  Preimplantation G enetic D iag
nosis. Third ed. CRC Press; 2014.

91. Munne S, Fragouli E, Colls P, et al. Improved detection of aneuploid 
blastocysts using a new 12-chromosome FISH test. Reprod Bio M ed  
Online. 2010;20:92-97.

92. Scott RT Jr, Ferry K, Su J, et al. Comprehensive chromosome screening 
is highly predicative of the reproductive potential of human embryos: a 
prospective, blinded nonselection study. Fertil Steril. 2012:97:870-875.

93. Yang Z, Liu J, Collins GS, et al. Selection of single blastocysts for fresh 
transfer via standard morphology assessment alone and with array CGH

for good prognosis IVF patients: results from a randomized pilot study. 
M ol Cytogenet. 2012;5:24-31.

94. Forman EJ, Hong KH, Ferry KM, et al. In vitro fertilization with single 
euploid blastocyst transfer: a randomized controlled trial. Fertil Steril. 
2013; 100(1): 100-107.

95. Stephenson MD, Sierra S. Reproductive outcomes in recurrent pregnancy 
loss associated with a parental carrier of a structural chromosome rear
rangement. Hum Reprod. 2006;21:1076-1082.

96. Rechitsky S, Verlinsky O, Christokhina A, et al. Preimplantation genetic 
diagnosis for cancer predisposition. Reprod Bio M ed  Online. 2002;5: 
148-155.

97. Liebaers I, Desmyuttere S, Verposet W, et al. Report on a consecutive series 
of 581 children born after blastomere biopsy for preimplantation diagno
sis. Hum Reprod. 2010;25:275-282.

98. Price JO, Elias S, Wachtel SS, et al. Prenatal diagnosis with fetal cells 
isolated from maternal blood by multiparameter flow cytometry. Am J  
Obstet Gynecol. 1991;165:1731-1737.

99. Simpson JL, Elias S. Isolating fetal cells from maternal blood: advances 
in prenatal diagnosis through molecular technology. JAMA. 1993:270: 
2357-2361.

100. Bianchi DW, Simpson JL, Jackson LG, et al. Fetal gender and aneuploidy 
detection using fetal cells in maternal blood: analysis of NIFTY I data. 
National Institute of Child Health and Development Fetal Cell Isolation 
Study. Prenat D iagn. 2002;22:609-615.

101. Mouawia H, Saker A, Jais J-P, et al. Circulating trophoblastic cells provide 
genetic diagnosis in 63 fetuses at risk for cystic fibrosis or spinal muscular 
atrophy. R eprod B iom ed  Online. 2012;25:508-520.

ak
us

he
r-li

b.r
u



Antepartum Fetal Evaluation
MARA B. GREENBERG and MAURICE L. DRUZIN

Defining the Problem of Perinatal 
M orta lity  219

Characteristics o f Fetal Death 220 
Causes o f Fetal Death 221 
Tim ing o f Fetal Death 221 
Identifying Those at Risk 222 
Details on Select Antenatal 

Conditions 222 
M aternal C haracteristics 222 
M aternal C om orb id ities 223 
O bste tric  Factors 224 
Conclusions 225
Potential U tility  of Antepartum  Fetal 

Testing 225

W hat Do These Tests Tell Us About 
the Fetus? 226

Fetal State 226
Biophysical Techniques of Fetal 

Evaluation 227
M aternal A sse ssm e n t o f Fetal 

A c tiv ity  227 
C ontraction Stress T est 228 
N onstress T est 230 
Fetal Biophysical Profile 234 
M od ified  Biophysical Profile 237 
D oppler U ltrasound 237

Clinical Application of Tests of Fetal 
Well-Being 237

Evidence fo r C ondition-Specific 
Testing 239 

Assessment of Fetal Pulmonary 
M aturation 240

Tests of Fetal Pulm onary M atu rity  240 
Q uantita tion o f Pulm onary Surfactant 240 
M easurem ents o f Surfactant 

Function 241 
D eterm ination  o f Fetal Pulm onary 

M aturation in Clinical Practice 241 
Summary 241

KEY ABBREVIATIO NS 1

Am erican College o f Obstetricians and ACOG
Gynecologists

A m nio tic  flu id  index AFI
A n tiphospho lip id  antibody syndrom e APLAS
Assisted reproductive technology ART
Biophysical pro file BPP
Body mass index BMI
Central nervous system CNS
Contraction stress test CST
Deepest vertical pocket DVP
Fetal breathing m ovem ent FBM
Fetal m ovem ent counting FMC
Human chorion ic  gonadotropin hCG
Intrauterine g row th  restriction IUGR
Lecith in /sphingom yelin  ratio L/S ratio
M odified biophysical pro file mBPP
M ultip les o f the median M oM
National Center fo r Health Statistics NCHS
National Institu te  fo r Child Health and NICHD

Human Developm ent
Nonstress test NST
Perinatal m orta lity  rate PMR
Phosphatidylg lycerol PG
Pregnancy-associated plasma protein A PAPP-A
Rapid eye m ovem ent REM
Respiratory d istress syndrom e RDS
System ic lupus erythem atosus SLE
Vibroacoustic s tim ula tion VAS
W orld Health Organization WHO

Antepartum fetal evaluation is an ever growing and changing 
science. The goal o f evidence-based antepartum fetal evalua
tion is to decrease perinatal mortality and permanent neuro
logic injury through judicious use o f reliable and valid 
methods o f fetal assessment without acting prematurely to 
modify an otherwise-healthy pregnancy or providing a false 
sense o f well-being in cases o f impending morbidity. The 
opportunity for obstetric care providers to participate in this 
delicate balance has been made possible by continued advances 
in our ability to assess the physiologic well-being of the fetus, 
concurrent with great improvement in neonatal care and sur
vival.1 However, despite these advances in antepartum fetal sur
veillance and the widespread use of antepartum testing programs, 
the ability of these techniques to prevent intrauterine injury or 
death remains unproved in many cases.2 The focus of this chapter 
is on antepartum evaluation in the United States and similarly 
technologically advanced and resource-rich countries, noting 
that the worldwide problem of stillbirth is a vast and compelling 
area of international interest.3

DEFINING THE PROBLEM OF 
PERINATAL MORTALITY
Identification of fetuses at risk for perinatal mortality has histori
cally been the goal of antepartum fetal assessment. Our emerg
ing understanding that long-term neurologic disability is an 
integrally related and often competing entity to perinatal mor
tality makes this goal more complex.2

The National Center for Health Statistics (NCHS) pro
vides two different definitions for perinatal mortality, 
acknowledging that variation in definitions and reporting rates 
both among states in the United States and throughout different
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countries worldwide makes comparisons difficult; an agenda to 
develop a classification consensus has been the focus of a number 
of international committees, including the National Institute for 
Child Health and Human Development (NICHD).3 The 
NCHS National Vital Statistics Report (NVSR) on fetal and 
perinatal mortality describes two different definitions for perina
tal mortality rate (PMR). Definition I  includes deaths of infants 
of less than 7 days of age and fetal deaths of 28 weeks of gesta
tion or more per 1000 live births plus fetal deaths, whereas defi
nition II  is more comprehensive and includes infant deaths of 
less than 28 days of age and fetal deaths of 20 weeks or more 
per the same denominator.41 The definitions of PMR provided 
by the World Health Organization (W HO) and the American 
College of Obstetricians and Gynecologists (ACOG) differ 
slightly and include the number of fetuses and live births weigh
ing at least 500 g rather than using a gestational age cutoff.6,7 
According to the NCHS, “Fetal death means death prior to the 
complete expulsion or extraction from its mother of a product 
of human conception, irrespective of the duration of pregnancy 
and which is not an induced termination of pregnancy. The 
death is indicated by the fact that after such expulsion or extrac
tion, the fetus does not breathe or show any other evidence of 
life such as beating of the heart, pulsation of the umbilical cord, 
or definite movement of voluntary muscles.”4 The term fe ta l 
death is used in these definitions and hereafter in this chapter 
rather than stillbirth, spontaneous abortion, or miscarriage.

In 2006, about 26,000 fetal deaths occurred in the United 
States. Although the PMR has fallen steadily in the United 
States since 1965, the number o f fetal deaths has not changed 
substantially in the past decade (Fig. 1 l - l ) . 4'5,8 Using NCHS 
definition I, the PMR reported in 2006 was 6.5 per 1000, and 
fetal deaths accounted for about 50% of all perinatal mortality 
in the United States.4 The PMR varies greatly by maternal race 
and ethnicity (Fig. 11-2). In 2006, rates (per 1000) were lowest 
for Asian/Pacific Islander women (4.83), followed by non- 
Hispanic white (5.34), Hispanic (5.76), and Native American/ 
Alaskan Native women (6.72). The rate for non-Hispanic black 
women (11.76) was the highest among the racial and ethnic

groups and was more than twice the rate for non-Hispanic white 
women. The significantly greater PM R in blacks results from 
higher rates of both neonatal and fetal deaths.4

Characteristics of Fetal Death
Another way to consider the contribution of fetal events on 
PM R is to look at the infant mortality rate (Fig. 11-3).4 Although 
the infant mortality rate includes all deaths of infants younger 
than 1 year of age, 50% of all infant deaths occur in the first 
week of life, and 50% of these losses result during the first day 
of life.7 The infant mortality rate has fallen progressively and 
even more steeply over time than the fetal death rate, from 47 
per 1000 in 1940 to 6.14 per 1000 in 2010.6,9-11 In 2010 about 
24,500 infant deaths (6.14 per 1000 live births) were reported, 
which included 16,200 neonatal deaths (4.05 per 1000 live 
births), and 12,900 of these were in the first week of life.6,9' 11 In

2006

FIG 11-1 U.S. trends in fetal mortality rates over time by period of 
gestation, 1990 through 2006. (Data from the Centers for Disease 
Control and Prevention/National Center for Health Statistics, National 
Vital Statistics System, August 2012.)
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FIG 11-2 U.S. fetal mortality rates by maternal race and ethnicity, 2006. (Data from the Centers for Disease Control and Prevention/National 
Center for Health Statistics, National Vital Statistics System, August 2012.)
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Fetal

FIG 11-3 Relative magnitude of components of fetal and infant mortal
ity, United States 2006. (Data from the Centers for Disease Control 
and Prevention/National Center for Health Statistics, National Vital 
Statistics System, August 2012.)

2010, the leading causes of infant mortality were congenital 
malformations, deformations, and chromosome abnormalities 
(21%); disorders related to short gestation and low birthweight, 
not elsewhere classified (17%); sudden infant death syndrome 
(8%); and maternal complications of pregnancy (6%). Together, 
these leading causes accounted for over 50% of all infant deaths 
in the United States in 2010 .10 Clearly, perinatal events play 
an important role in infant mortality.

Causes of Fetal Death
In addition to declining frequency in PMR over time, the 
overall pattern o f perinatal deaths in the United States has 
changed considerably during the past 40 years. Manning and 
associates12 suggest that antepartum deaths may be divided into 
four broad categories: (1) chronic asphyxia of diverse origin; (2) 
congenital malformations; (3) superimposed complications of 
pregnancy, such as Rh isoimmunization, placental abruption, 
and fetal infection; and (4) deaths of unexplained cause. Fretts 
and colleagues13'14 analyzed the causes of deaths, confirmed by 
autopsy, in fetuses weighing more than 500 g in 94,346 births 
at the Royal Victoria Hospital in Montreal from 1961 to 1993. 
The population studied was predominantly white, participated 
in prenatal care, and included patients from all socioeconomic 
groups. Overall, the fetal death rate in this group declined by 
70%, from 11.5 per 1000 in the 1960s to 3.2 per 1000 during 
1990 to 1993.14 The decline in the fetal death rate in this cohort 
was attributed to the prevention of Rh sensitization, antepartum 
and intrapartum fetal surveillance, improved detection of intra
uterine growth restriction (IUGR) and fetal anomalies with 
ultrasound, and improved care of maternal diabetes mellitus and 
preeclampsia. The role of antenatal diagnosis and management 
of congenital malformations and aneuploidy is obviously critical 
to a goal of reducing perinatal morbidity and mortality and will 
be discussed separately (see Chapters 9, 10, and 27).

Fretts and colleagues1314 noted that most of the deaths in the 
Canadian cohort occurred between 28 and 36 weeks’ gestation 
and that the diagnosis of IUGR was rarely identified before 
death. In addition to IUGR, leading causes of fetal death after
28 weeks’ gestation included abruptio placentae and unexplained 
antepartum losses. Despite a marked fall in unexplained fetal 
deaths, from 38.1 to 13.6 per 1000, this category was used for 
more than 25% of all stillbirths. Fetal to maternal hemorrhage

may occur in 10% to 15% of cases of unexplained fetal deaths. 
Fetal deaths caused by infection, most often associated with 
premature rupture of the membranes (PROM) before 28 weeks’ 
gestation, did not decline over the 30 years of the study and 
accounted for about 19% of fetal deaths. Further population- 
based analyses of the causes of fetal death have confirmed these 
findings, including a 2011 evaluation by the Stillbirth Collab
orative Research Network, which utilized rigorous methods to 
classify as many “unexplained” fetal deaths as possible.15

In summary, based on available data, about 30%  o f ante
partum fetal deaths may be attributed to asphyxia (IUGR, 
prolonged gestation), 30%  to maternal complications (pla
cental abruption, hypertension, preeclampsia, and diabetes 
mellitus), 15%  to congenital malformations and chromo
some abnormalities, and 5% to infection. At least 20% of 
fetal deaths have no obvious fetal, placental, maternal, or 
obstetric etiology, and this percentage increases with advanc- 
ing gestational age. Late-gestation stillbirths are more likely to 
have no identifiable etiology.6 The ability of our current methods 
of surveillance to make an impact on the perinatal mortality will 
depend on the ability of available tests to predict and predate 
in jury and on use of obstetric interventions to prevent adverse 
outcomes. In one British series,16 obstetric and pediatric asses
sors reviewed the circumstances surrounding each case of peri
natal death to identify any avoidable factors that may have 
contributed to the death. O f the 309 perinatal deaths in this 
population (half fetal and half in the first week of life), 59% 
were considered to have had avoidable factors, including 74% 
of normal-birthweight infants with no fetal abnormalities and 
no maternal complications. Most avoidable factors were found 
to be obstetric rather than pediatric or maternal and social. The 
failure to respond appropriately to abnormalities during preg
nancy and labor— including results from the monitoring of 
fetal growth or intrapartum fetal well-being, significant maternal 
weight loss, or reported reductions in fetal movement— 
constituted the largest groups of avoidable factors. This charac
terization of avoidable factors that contribute to perinatal death 
has been confirmed in additional studies.

Timing of Fetal Death
Another way to classify fetal deaths may be to differentiate those 
that occur during the antepartum period and those that occur 
during labor, or intrapartum deaths. Antepartum fetal death is 
much more common than intrapartum fetal death, and unex
plained fetal death occurs far more commonly than unex
plained infant death.1,11,17 In a population-based study in the 
United States in 2007, the antepartum fetal death rate was
3.7 per 1000, compared with 0.6 per 1000 intrapartum fetal 
deaths.17 Although most fetal deaths occur before 32 weeks’ 
gestation, in planning a strategy for antepartum fetal monitor
ing, the risk for fetal death must be examined in the population 
of women who are still pregnant at that point in pregnancy.18 
When this approach is taken, the data would suggest that fetuses 
at 40 to 41 weeks are at a threefold greater risk and those at 42 
or more weeks are at a twelvefold greater risk for intrauterine 
death than fetuses at 28 to 31 weeks. The risks are even higher 
in multiple gestations as pregnancy progresses. For twin gesta
tions, the optimal time for delivery to prevent late-gestation 
perinatal deaths is by 39 weeks, and for triplets, 36 weeks.19 The 
issue of timing is also illustrated by a recent cohort study of over
75,000 singleton pregnancies with fetal growth restriction, the 
focus of which was to find the point at which the competing
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FIG 11-4 Continuum of certainty in pathophysiology of cause of fetal death. Progressing from left to right on the continuum, levels of certainty 
increase as to the role of the pathophysiology of a particular condition in causing the fetal death. ALT, alanine aminotransferase; GA, gestational 
age; SLE, systemic lupus erythematosus. (Courtesy Professor Gordon Smith. Modified from Reddy UM, Goldenberg R, Silver R, et al. Stillbirth 
classification: developing an international consensus for research. Executive summary of a National Institute of Child Health and Human Devel
opment workshop. Stillbirth Classification of Cause of Death. Obstet Gynecol. 2009;114:901-914.)

risks of fetal death and neonatal death were in balance, in order 
to inform delivery decisions. In this cohort, the balance point 
was 32 to 34 weeks.20

Identifying Those at Risk
Some risk factors have a clear etiologic relationship to fetal 
compromise and death, such as exposures to teratogens or 
maternal conditions that alter the fetal environment or blood 
supply or content. Other risk factors— such as epidemiologic 
factors that include maternal age, race, and body habitus— have 
a perhaps more complex and less well-understood link to fetal 
death risk (Fig. 11-4).3 Common risk factors for fetal death in 
the United States are listed in Table 11-1.2,21 M any of these 
conditions can coexist in individual patients, which makes 
assessment of the contribution of each factor to perinatal mortal
ity a challenge. A recent concept of looking at individual risk 
factors as part of a “triple risk model” may prove useful in 
making sense of this challenge, similar to that used to under
stand contributors to sudden infant death syndrome (SIDS). In 
this model, proposed by Warland and Mitchell,"" an interplay 
exists among maternal, fetal, and placental factors and a stressor. 
They posit that whereas these factors in isolation may be insuf
ficient to cause fetal death, they may prove lethal in combination 
(Fig. 11-5). Also necessary to consider is the contribution of 
these conditions to fetal injury that results in liveborn children 
with permanent neurologic compromise; this has yet to be deter
mined but is an important alternative outcome to perinatal 
mortality that deserves further study.2

DETAILS ON SELECT 
ANTENATAL CONDITIONS 
Maternal Characteristics 
Maternal Age
Multiple investigators2,14,23 have found that after controlling for 
risk factors such as multiple gestation, hypertension, diabetes 
mellitus, placenta previa and placental abruption, previous abor
tion, and prior fetal death, women 35 years of age or older have 
a greater risk for fetal death than women younger than 30 years, 
and women 40 years or older have an even further increased risk.

A J-shaped curve relationship exists between maternal age 
and fetal deaths, with the highest rates in teenagers and 
women older than 35 years (Fig. 11-6). The interplay of fetal 
death, maternal age, and gestational age was demonstrated in a 
population-based 2006 study in the United States of almost 5.5 
million births.24 In this cohort, compared with their counter
parts aged 30 to 34 years at 41 weeks of gestation, women older 
than 35 to 39 years had the same risk for fetal death at 40 weeks, 
and women older than 40 years had the same risk at 39 weeks. 
Only 10% of the women older than 35 years had medical 
comorbidities, and the results of this study did not change when 
those women were excluded; this highlights the point that the 
increase in fetal death risk exists in otherwise healthy older 
gravidas compared with younger women.

Maternal Race
The variation in fetal death risk in the United States by maternal 
race is complex, which makes ascertainment of biologic risk 
factors related to race difficult.21 Factors that contribute to 
increased rates of fetal death among black women compared 
with white women include disparities in socioeconomic status, 
access to health care, and preexisting medical conditions.25 A 
2009 population-based study of more than 5 million U.S. births 
demonstrated that the greatest black-and-white disparity is in 
preterm perinatal death, with a hazard ratio at 20 to 23 weeks 
of 2.75, which decreases to 1.57 at 39 to 40 weeks. Lower educa
tion levels and higher rates of medical, pregnancy, and labor 
complications contributed more to the adverse outcomes in 
blacks than in whites, with congenital anomalies more contribu
tory in whites.26

Socioeconomic Factors, Prenatal Care, 
and Substance Abuse
Poor access to prenatal care and poor underlying health and 
nutrition have been linked to increased risk for fetal death both 
in developing and developed nations. As with other sociodemo
graphic risk factors, these potential influences on fetal death risk 
are difficult to quantify and may be additive to other high-risk 
conditions.27 Smoking and abuse of alcohol or illicit drugs, along 
with obesity, represent potentially modifiable risk factors for

ak
us

he
r-li

b.r
u



Chapter 11 Antepartum Fetal Evaluation 223

TABLE 11-1 COMMON RISK FACTORS FOR FETAL 
DEATH IN THE UNITED STATES

RISK FAC TO R

All pregnancies 
Low-risk pregnancies 
Obesity:

BMI 25-29.9 
BMI >30 

Nulliparity compared with 
second pregnancy 

Fourth child or greater 
compared with second 

Maternal age (reference:
<35 yr):
35-39 yr 
>40 yr 

Multiple gestation:
Twins
Triplets or greater 

Oligohydramnios 
Assisted reproductive 

technologies (all) 
Abnormal serum markers: 

First-trimester PAPP-A 
<5%

Two or more second- 
trimester markers 

Intrahepatic cholestasis 
Renal disease 
Systemic lupus 

erythematosus 
Smoking 
Alcohol use (any)
Illicit drug use 
Low education and 

socioeconomic status 
Fewer than four antenatal 

visits*
Black (reference: white)
Hypertension
Diabetes
Large for gestational age 

(>97% without diabetes) 
Fetal growth restriction 

(%):
<3
3-10

Previous growth-restricted 
infant

Previous preterm birth with 
growth restriction 

Decreased fetal movement 
Previous stillbirth 
Previous cesarean section 
Postterm pregnancy

compared with 38-40 wk
41 wk
42 wk

P R EV A LE N C E  (% ) O D D S  R A TIO

80

21-24
20-34

40

11

15-18
2

2.7
0.14

2
1-3

5

0 .1-2

<0.1
<1
<1

10-20
6-10
2-4
30

15
6-10
2-5
12

3.0
7.5
6.7

4-8
0.5

22-25

1.0
0.86

1.4-2.7 
2 . 1- 2.8 
1.2- 1.6

2.2-2.3

1. 8 - 2.2

1.8-3.3

1. 0 - 2.2

2.8-3.7 
4.5

1.2-3.0

2.2-4.0

4.2-9.2

1.8-4.4
2.2-30 
6-20

1.7-3.0
1.2-1.7
1.2-3.0
2.0-7.0

2.7

2 .0 - 2.2
1.5-4.4
1.5-7.0 

2.4

4.8
2.8

2.0-4.6

4.0-8.0

4.0-12.0
2 .0 - 10.0
1 . 0 - 1.5
2.0-3.0

1.5
2.0-3.0

Modified from Signore C, Freeman RK, Spong CY. Antenatal testing: a reevaluation. 
Executive Summary of a Eunice Kennedy Shriver National Institute of Child Health and 
Human Development Workshop. Obstet Gynecol. 2009; 113:687-701; and Fretts RC. 
Stillbirth epidemiology, risk factors, and opportunities for stillbirth prevention. Clin 
Obstet Gynecol. 2010;53:588-596.
BMI, body mass index; PAPP-A, pregnancy associated plasma protein A.
*For stillbirths, 37 weeks’ gestation.

FIG 11-5 Triple risk model in which an interplay of maternal factors, 
fetal/placental factors, and a stressor contribute to fetal death. 
Whereas these factors in isolation may be insufficient to cause 
fetal death, they may prove lethal in combination. (From Warland J, 
Mitchell EA. A triple risk model for unexplained late stillbirth. BMC 
Pregnancy Childbirth. 2014 ;14:142.)

M a t e r n a l C o m o r b id it ie s  
Obesity
Prepregnancy obesity is associated with increased perinatal mor
tality, especially in late gestation. This has been demonstrated in 
several large series, including a meta-analysis of 38 studies that 
included more than 3 million women.28 The connection between 
obesity and fetal death is still under investigation and is made 
more complex by the frequent comorbidities encountered in 
patients with prepregnancy obesity. Theoretic contributors to 
adverse perinatal outcomes in this group include placental dys
function, sleep apnea, metabolic abnormalities, and difficulty in 
clinical assessment of fetal growth.21 The strength of the associa
tion increases with advancing body mass index (BMI) and with 
advancing gestational age.

Diabetes Mellitus
Although historically, insulin-dependent diabetes has been 
a major risk factor for fetal death, the fetal death rate in 
women with optimal glycemic control now approaches that 
o f women without diabetes.2'29 However, the relationship 
between glycemic control and fetal death remains uncertain. 
Poor glycemic control is associated with increased perinatal mor
tality, in large part as a result of congenital anomalies; indicated 
preterm deliveries; and sudden, unexplained fetal death. A recent 
population-based study of over 1 million births in Ontario, 
Canada, revealed an odds ratio (OR) of 2.3 for fetal death 
among women with pregestational diabetes compared with 
those without diabetes.29 No evidence suggests that gestational 
diabetes controlled by diet alone is associated with increased 
rates of intrauterine fetal death.2,30

fetal death. Although these behaviors are attractive candidates 
for fetal death prevention through counseling and modification 
of intake, prospective trials of behavior modification strategies 
have generally been underpowered to detect a difference in fetal 
death with these interventions.21

Hypertensive Disorders
Studies have shown conflicting evidence regarding whether 
fetal death rates with well-controlled preexisting hypertension 
are comparable to those in the general population or increased. 
The increased risk for perinatal mortality associated with
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FIG 11-6 Relationship of fetal death and maternal age across gestation. (From Reddy UM, Ko CW, Willinger M. Maternal age and the risk of 
stillbirth throughout pregnancy in the United States. Am J Obstet Gynecol. 2006;195:764-770.)

hypertension is most often related to complicated hyperten
sion, with sequelae of placental insufficiency that include IUGR 
and oligohydramnios. Proteinuric hypertension, especially pre
eclampsia with severe features or eclampsia, may be associated 
with fetal death through placental and coagulation-related path
ways, including placental abruption.3,31

Thrombophilia
In general, no demonstrable link has been found between inher
ited thrombophilia and risk for fetal death.3,32 Although initial 
reports seemed to support an association between fetal death 
and thrombophilia, such as factor V  Leiden mutation and pro
thrombin gene mutation, large prospective trials have failed to 
substantiate this association. The presence of circulating mater
nal antiphospholipid antibodies— in particular lupus antico
agulant, anticardiolipin antibodies, and anti-(32-glycoprotein 
I antibodies—in the antiphospholipid antibody syndrome 
(APLAS) have been associated with a variety of adverse preg
nancy outcomes, including fetal loss.33 The mechanism of these 
adverse outcomes remains unclear but likely includes inflamma
tion, thrombosis, and placental infarction.3 However, the link 
between fetal death and these antibodies or the presence of 
APLAS is still under investigation, but evidence is insufficient 
to conclude that an increased risk exists for fetal death.34

Intrahepatic Cholestasis
The cause o f fetal death in women with gestational cholesta
sis remains unknown, and timing and predictive features of 
impending fetal death remain unpredictable. Fetal deaths in 
these pregnancies are not preceded by signs of placental insuf
ficiency such as growth restriction or abnormal placental pathol
ogy, and normal fetal heart rate tracings proximal to fetal death 
(i.e., within 24 hours) have often been reported. It has also not 
been established whether maternal serum levels of bile acids, 
liver enzymes, or pharmacologic therapy modify or predict the 
risk of fetal death.35

Renal Disease and Systemic Lupus Erythematosus
W ith chronic maternal renal disease, perinatal outcome is largely 
associated with the degree of renal dysfunction and the presence 
of coexisting hypertension or diabetes. Although data are limited

by lack of prospective studies with appropriate control groups, 
the greatest risk for fetal death appears to be in mothers with 
severe renal impairment (i.e., serum creatinine levels >2.4-
2.8 mg/dL).36 As with maternal renal disease, the prognosis for 
fetal outcome in women with systemic lupus erythematosus 
(SLE) is dependent on disease state and comorbid conditions, 
including hypertension, circulating autoantibodies, and renal 
involvement.37 Prognosis for fetal survival in pregnancies com
plicated by both maternal renal disease and maternal SLE has 
improved over time with advances in therapies that promote 
disease quiescence for both of these conditions.

Obstetric Factors
Fertility History and Assisted Reproductive Technology
Multiple aspects of a woman’s obstetric and fertility history 
may contribute to risk for fetal death in a current pregnancy, 
including parity, use of assisted reproductive technology (ART), 
and history of prior adverse obstetric outcomes. Both nulliparity 
and high parity are associated with an increased risk for fetal 
death compared with low m ultiparity (one, two, or three prior 
births).38 This association is likely mediated through a variety 
of sociodemographic risk factors related to overall health and 
interconception health status, although studies have confirmed 
the association between parity and fetal death after controlling 
for several social and medical comorbidities. History of prior 
adverse pregnancy outcomes— including fetal growth restric
tion, preterm birth, and fetal death— marks a current pregnancy 
at risk for fetal death. However, the association with preventable 
recurrent fetal death is complex and is modified by coexistence 
of other high-risk conditions. Recurrence risk for fetal death 
in particular has received recent scrutiny because rates vary 
dramatically by study population and presence of other risk 
factors. Given that many fetal deaths occur in pregnancies with 
no identifiable risk factors and that well-designed studies with 
appropriate comparison groups (i.e., low-risk women without 
identifiable risk factors) are lacking, clinician and patient percep
tion of increased risk in a pregnancy subsequent to a fetal death 
will likely continue to drive management of these patients.39 
Regarding use of ART and risk for fetal death, several systematic 
reviews have confirmed an independent association between 
the use of in vitro fertilization in particular and fetal death.
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However, whether the association is mediated through the 
technologies themselves or the underlying infertility or through 
other undetermined mechanisms remains unclear.40

PARITY
Nulliparity and high parity have both been associated with fetal 
death in contrast to women having their second child. This 
association has not been fully explored and may be subject to 
significant confounding influences, including advanced mater
nal age, related conditions in nulliparous women with delayed 
childbearing in developed nations, and other medical and socio
economic comorbidities in women with high parity.8'21

MULTIPLE GESTATIONS
The higher rate of perinatal mortality in multiple gestations 
compared with singletons is related both to complications unique 
to multiple gestations, such as twin-to-twin transfusion syn
drome, and to more general complications, such as fetal abnor
malities and growth restriction.21,41 Additionally, many women 
who carry more than one fetus have maternal risk factors for 
increased perinatal mortality, including advanced maternal age 
and use of ART, and are subject to development of complications 
such as preeclampsia and preterm delivery.2,42 Optimal timing 
of delivery between 37 and 38 weeks has been considered for 
twins, compared with 39 to 40 weeks among singletons, because 
of increased rate of late fetal death in this group.43 Chorionicity 
is of paramount importance in determining fetal risk, and rates 
of adverse outcomes are higher among monochorionic twins.2,42

Early Pregnancy Markers
First- and second-trimester serum markers for aneuploidy, 
when abnormally low or elevated, have been associated to 
varying degrees with adverse perinatal outcomes even in the 
absence o f aneuploidy. Biophysical uterine factors have also 
been studied in this light. Regarding fetal death after 24 weeks, 
markers of interest include first-trimester levels of pregnancy- 
associated plasma protein A (PAPP-A) of less than the fifth 
percentile (0.415 multiples of the median [M oM ]); second- 
trimester free (3-human chorionic gonadotropin (free (3-hCG), 
a-fetoprotein (AFP), and inhibin A of more than 2 MoM; and 
uterine artery pulsatility index above the 90th percentile. The 
sensitivity and positive predictive value of these markers for fetal 
death are still under investigation. The pathophysiologic link 
between these markers and adverse outcomes is unclear and 
likely variable but most plausibly involves abnormal placental 
attachment or function.44

Amniotic Fluid Abnormalities
The predictive value of either oligohydramnios or polyhydram
nios for adverse pregnancy outcomes, in particular fetal death, 
typically lies in their association with other abnormal condi
tions, such as maternal diabetes mellitus, hypertensive disorders, 
rupture of membranes, fetal growth restriction, or fetal anoma
lies. Isolated oligohydramnios and polyhydramnios have not 
been conclusively linked to increased risk for fetal death; never
theless, evaluation of amniotic fluid volume as a marker of 
long-term fetal health status is a mainstay of antepartum fetal 
evaluation.2,45

Fetal Growth Restriction
IUGR is a well-known risk factor for perinatal death that has 
historically been underrecognized before fetal death. Placental

dysfunction is commonly implicated in nonmalformed and 
chromosomally normal IUGR fetuses. This topic is reviewed in 
further detail in Chapter 33.

Postterm Pregnancy
The definition of postterm pregnancy has been reevaluated in the 
past decade based on reappraisal of the peak time of fetal risk in 
relation to the 40-week mark (see Chapter 36). The pathophysi
ology of increased fetal death risk in the postterm pregnancy is 
thought to be mediated by impaired placental oxygen exchange 
and is often associated with oligohydramnios. Traditionally oli
gohydramnios has been used as a marker for increased risk in 
the postterm pregnancy for which intervention in the form of 
delivery is thought to be necessary although as described previ
ously, whether oligohydramnios is independently associated 
with fetal death in pregnancies after 40 weeks’ gestation is

46unproven.

Fetal Malformations
Pregnancies complicated by major fetal anomalies are at increased 
risk of stillbirth, independent of coexisting fetal growth restric
tion, as demonstrated recently in a large retrospective cohort 
study.47 The overall stillbirth rate among fetuses with a major 
anomaly was 55 per 1000 compared with 4 per 1000 in non- 
anomalous fetuses with an adjusted odds ratio of 15. The rate 
of stillbirth was highest in fetuses with congenital cardiac defects. 
The authors caution that in this group of at-risk fetuses in 
particular, “health care practitioners caring for these patients 
should weigh the competing risks of postnatal mortality with 
antenatal death.”

Conclusions
The best use of available antenatal testing modalities may vary 
according to the risk profile of each individual pregnancy. Dis
cussion of condition to specific testing will be undertaken after 
review of the individual testing modalities described later.

POTENTIAL UTILITY OF ANTEPARTUM  
FETAL TESTING
Can antepartum fetal deaths and injury be prevented? Before 
using antepartum fetal testing, the obstetrician must ask several 
important questions:
1. Does the test provide information not already known by the 

patient’s clinical status?
2. Can the information be helpful in managing the patient?
3. If an abnormality is detected, is a treatment available for the 

problem?
4. Could an abnormal test result lead to increased risk for the 

mother or fetus?
5. W ill the test ultimately decrease perinatal morbidity and 

mortality?
A large body of clinical and research experience suggests that 

antepartum fetal assessment can have a significant impact on the 
frequency and causes of antenatal fetal deaths.1 However, accord
ing to several reviews of the benefits and costs of antenatal 
testing, “strong evidence for the efficacy of antepartum testing 
is lacking.”48 Unfortunately, few o f the antepartum tests com
monly used in clinical practice today have been subjected 
to large-scale prospective and randomized evaluations that 
can speak to the true efficacy o f testing.32,49 In most cases, the 
test has been applied and good perinatal outcomes have been
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226 Section I! Prenatal Care

observed; therefore the test has gained further acceptance and 
has been used more widely. In such cases, it is uncertain whether 
the information provided by the test has accurately led to the 
improved outcomes or the total program of care has made the 
difference. When prospective randomized investigations are con
ducted, large numbers of patients must be studied because many 
adverse outcomes, such as intrauterine death, are uncommon 
even in high-risk populations. For example, although several 
controlled trials have failed to demonstrate improved outcomes 
with nonstress testing, the study populations ranged from only 
300 to 530 subjects.

To determine the clinical application of antepartum diagnos
tic testing, the predictive value of the tests must be considered. 
The sensitivity of the test is the probability that the test will be 
positive or abnormal when the disease is present; the specificity 
of the test is the probability that the test result w ill be negative 
when the disease is not present. Note that the sensitivity and 
specificity refer not to the actual numbers of patients with a 
positive or abnormal result but to the proportion or probability 
of these test results. The predictive value of an abnormal test 
would be that fraction of patients with an abnormal test result 
who have the abnormal condition, and the predictive value of a 
normal test would be the fraction of patients with a normal test 
result who are normal.

Antepartum fetal tests may be used to screen a large obstetric 
population to detect fetal disease. In this setting, a test of high 
sensitivity is preferable to minimize the risk of missing a patient 
whose fetus might be compromised. It would be prudent to be 
willing to overdiagnose the problem— that is, to accept some 
false-positive diagnoses. In further evaluating the patient whose 
fetus may be at risk, and when attempting to confirm the pres
ence of disease, a test of high specificity is preferable. It is best 
not to intervene unnecessarily and deliver a fetus that was doing 
well. In this setting, multiple tests may be helpful. When mul
tiple test results are normal, they tend to exclude disease; 
however, when all are abnormal, they tend to support the diag
nosis of fetal disease.

The prevalence o f the abnormal condition has great impact 
on the predictive value o f antenatal fetal tests and the number 
needed to evaluate with testing and to treat with interventions 
(delivery) to presumably prevent fetal death. The impact of these 
parameters on the utility of testing was illustrated in a decision 
analysis of the risks and benefits of antepartum testing late in 
pregnancy for women 35 years or older using the McGill 
Obstetric/Neonatal Database (MOND) to obtain risk esti
mates.50 In this model, as in practice, the relative benefit of 
antenatal testing lies in the balance of the number of fetal deaths 
prevented with the number and type of interventions required 
to prevent them. At an estimated risk for unexplained fetal death 
of 5.2 per 1000 pregnancies (nulliparas >35 years of age in the 
McGill cohort), 863 additional antenatal tests, 71 additional 
inductions of labor, and 14 additional cesarean deliveries would 
be required to prevent one additional fetal death using this 
model. Comparatively, using the same model at an estimated 
risk of 1 to 2 per 1000 pregnancies, 2862 additional antenatal 
tests, 233 additional inductions, and 44 additional cesarean 
deliveries would be required to prevent one additional fetal 
death. Thus the number needed to evaluate and treat to 
prevent one fetal death decreases as risk for fetal death 
increases in the population being tested.

In interpreting the results o f studies o f antepartum testing, 
the obstetrician must consider the application o f that test to

Test threshold
,____ ______N
A B C

FIG 11-7 Hypothetical distribution of test results in a normal and dis
eased population demonstrating the differences in test sensitivity and 
specificity with a change in test threshold. Making it more difficult for 
the fetus to pass the test by raising the test threshold (A) will increase 
the sensitivity but decrease the specificity of the test. On the other 
hand, making the test easier to pass by decreasing the test threshold 
(Q will increase the specificity of the test but decrease the sensitivity. 
(Modified from Carpenter M, Coustan D. Criteria for screening tests 
for gestational diabetes. Am J Obstet Gynecol. 1982; 144:768.)

his or her own population. If the study has been done in a 
population of patients at great risk, it is more likely that an 
abnormal test will be associated with an abnormal fetus. If the 
obstetrician is practicing in a community with patients who are, 
in general, at low risk, an abnormal test result will more likely 
be associated with a false-positive diagnosis.

For most antepartum diagnostic tests, a cutoff point used to 
define an abnormal result must be arbitrarily established. The 
cutoff point is selected to maximize the separation between 
the normal and diseased populations (Fig. 11-7). Changing the 
cutoff will have a great impact on the predictive value of the test. 
For example, suppose that 10 accelerations in 10 minutes were 
required for a fetus to have a reactive nonstress test (NST; 
threshold A). The fetus that fulfilled this rigid definition would 
almost certainly be in good condition. However, many fetuses 
that failed to achieve 10 accelerations in 10 minutes would 
also be in good condition but would be judged to be abnormal 
using this cutoff. In this instance, the test would have many 
abnormal results; it would be highly sensitive and capture all 
of the abnormal fetuses, but it would have a low specificity. If 
the number of accelerations required to pass an NST were 
lowered to one in 10 min, it would decrease the sensitivity of 
the test (threshold C). That is, the clinician might miss a truly 
sick fetus. At the same time, however, the specificity of the test 
or its ability to predict that percentage of patients who are 
normal would improve. Using the criterion of two accelerations 
of the fetal heart rate in 20 min for a reactive NST (threshold 
B), it is hoped that the test w ill have both high sensitivity and 
high specificity.

WHAT DO THESE TESTS TELL US 
ABOUT THE FETUS? 
Fetal State
To be able to diagnose suspected fetal compromise using tests 
of fetal biophysical state, blood flow, and heart rate, we must be 
able to appreciate how these parameters appear under normal 
conditions and in response to suboptimal conditions.
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Chapter 11 Antepartum Fetal Evaluation 227

Regarding fetal biophysical characteristics, it must be 
appreciated that during the third trimester, the normal fetus 
can exhibit marked changes in its neurologic state. ' Four 
fetal states have been identified. The near-term fetus spends 
about 25% of its time in a quiet sleep state (state IF) and 60% 
to 70% in an active sleep state (state 2F). Active sleep is associated 
with rapid eye movement (REM). In fetal lambs, electrocortical 
activity during REM sleep is characterized by low-voltage, high- 
frequency waves. The fetus exhibits regular breathing move
ments and intermittent abrupt movements of its head, limbs, 
and trunk. The fetal heart rate in active sleep (state 2F) exhibits 
increased variability and frequent accelerations with movement. 
During quiet, or non-REM, sleep, the fetal heart rate slows, and 
heart rate variability is reduced. The fetus may make infrequent 
breathing and startled movements. Electrocortical activity 
recordings at this time reveal high-voltage, low-frequency waves. 
Near term, periods of quiet sleep may last 20 minutes, and those 
of active sleep, about 40 minutes.51 The mechanisms that control 
these periods of rest and activity in the fetus are not well estab
lished. External factors such as the mother’s activity, her inges
tion of drugs, and her nutrition may play a role. Specific factors 
that may decrease fetal movement in the third trimester include 
fetal anomalies, particularly central nervous system (CNS) 
anomalies; maternal exposures, including corticosteroids, seda
tives, smoking, and anxiety; low amniotic fluid volume; and 
decreased placental blood flow due to placental insufficiency.52

W hen evaluating fetal condition using the NST or the bio
physical profile (BPP), the clinician must consider whether a 
fetus who is not making breathing movements or showing accel
erations of its baseline heart rate is in a quiet sleep state or is 
neurologically compromised. In such circumstances, prolonging 
the period of evaluation usually allows a change in fetal state, 
and more normal parameters of fetal well-being w ill appear.

Regarding regulation of fetal heart rate and blood flow, fetal 
adaptation to hypoxemia is mediated through changes in 
heart rate and redistribution o f cardiac output. However, 
changes in fetal cardiac output are generally observed during 
hypoxemia only with coexisting acidemia. In response to sudden 
hypoxemia, fetal heart rate slowing and increased variability can 
be observed in itially through vagally mediated chemoreceptor 
responses. W ith prolonged hypoxemia (30-60 min), increasing 
levels of circulating adrenergic agonists and modulation of vagal 
activity by endogenous opiates lead to a fetal heart rate return 
to or rise from the previous baseline.53 Development of acidemia 
on top of hypoxemia can accelerate the rate of fetal deterioration 
and amplify the hypoxemia by a shift of the oxyhemoglobin 
dissociation curve to the right, which further reduces the oxygen- 
carrying capacity of fetal blood and eventually leads to a 
redistribution of cardiac output that can be appreciated as a 
“brain-sparing” effect in the evaluation of fetal blood flow. 
Redistribution of blood flow in the compromised fetus prefer
entially preserves perfusion not only to the brain but also to the 
heart and adrenal glands.53

Fetal movement is a more indirect indicator o f fetal oxygen 
status and CNS function, and decreased fetal movement is 
noted in response to hypoxemia.2 However, gestational devel
opment of fetal movement must be considered when evaluating 
fetal well-being as marked by fetal activity. Periods of absent fetal 
movement become more prolonged as gestation advances, and 
normal fetuses progressively exhibit longer periods of quiescence 
as the late second and third trimesters advance. Up to and 
perhaps longer than 40 minutes of fetal inactivity at 40 weeks

may be a normal finding, compared with less than 10 minutes 
at 20 weeks and less than 20 minutes at 32 weeks.53 Keeping 
these trends in mind, an abnormal degree or absence of fetal 
movement can be an appropriate marker for fetal hypoxemia. 
However, fetal activity levels have been seen in animal studies 
to adapt to inducement of hypoxemia with a resumption of fetal 
breathing and body movements after a prolonged period of 
hypoxemia, especially if  induced gradually. Therefore observa
tion of these fetal states during antenatal testing does not guar
antee a normoxic fetus.

BIOPHYSICAL TECHNIQUES 
OF FETAL EVALUATION
Descriptions of the predictive value of several commonly per
formed antenatal tests of fetal well-being are presented in Table
11-2, and details on each methodology are given in the sections 
that follow.

Maternal Assessment of Fetal Activity
Studies performed using real-time ultrasonography have dem
onstrated that during the third trimester, the human fetus spends 
10% of its time making gross fetal body movements and that 
30 such movements are made each hour.54 Periods of active fetal 
body movement last about 40 minutes, whereas quiet periods 
last about 20 minutes. Patrick and colleagues54 noted that the 
longest period without fetal movements in a normal fetus was 
about 75 minutes. The mother is able to perceive about 70% to 
80% of gross fetal movements. The fetus does make fine body 
movements such as limb flexion and extension, hand grasping, 
and sucking; these probably reflect more coordinated CNS func
tion, although the mother is generally unable to perceive these 
fine movements. Fetal movement appears to peak between 9:00 
PM and 1:00 AM, a time when maternal glucose levels are 
falling.51'54 In a study in which maternal glucose levels were 
carefully controlled with an artificial pancreas, Holden and 
coworkers found that hypoglycemia was associated with increased 
fetal movement. Fetal activity does not increase after meals or 
after maternal glucose administration,55 but it may increase 
during exposure to music, as was demonstrated in one novel 
randomized trial.56

The decrease in fetal movement with hypoxemia makes 
maternal assessment o f fetal activity a potentially simple and 
widely applicable method o f monitoring fetal well-being. 
However, prospective trials o f this method for prevention of 
perinatal mortality have failed to conclusively show benefits 
Neldam demonstrated a 73% reduction in avoidable fetal deaths 
in a prospective trial of more than 1500 women instructed to 
count fetal movements. In contrast, a subsequent international

TABLE 11-2 COMPARISON OF SELECTED 
____________ ANTENATAL TESTS______________________

FALSE-NEGATIVE FALSE-POSITIVE
TEST R A T E (%) R A T E (%)

Contraction stress test 0.04 35-65
Nonstress test 0.2-0.8 55-90
Biophysical profile 0.07-0.08 40-50
Modified biophysical 0.08 60
profile

Modified from Signore C . Freeman RK, Spong CY. Antenatal testing: a reevaluation. 
Executive Summary of a Eunice Kennedy Shriver National Institute of Child Health and 
Human Development Workshop. Obstet Gynecol. 2009;113:687-701.
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228 Section II Prenatal Care

trial57 of more than 68,000 women randomized to routine fetal 
movement assessment versus no formal assessment of fetal activ
ity failed to show a significant reduction in fetal deaths in the 
group randomized to routine movement counting. Significant 
differences were noted in the method of fetal movement count
ing (FMC), the definition of “abnormal” fetal movements, 
patient compliance with the intervention, and provider response 
to patients who presented to care as a result of an abnormal fetal 
movement count in the latter, compared with the former, trial 
and throughout the literature on this topic. This illustrates the 
difficulties in validating and reproducing the results of these 
trials and the uncertain clinical benefit that may be derived from 
introducing maternal assessment of fetal movement into routine 
clinical practice. A 2007 Cochrane review58 of four trials that 
involved more than 71,000 women concluded that evidence is 
insufficient to recommend routine FMC to prevent fetal death.

Despite these results, this type of fetal assessment may offer 
some advantages. Although the range in fetal activity will be 
wide but normal, with FM C, each mother and her fetus serve 
as his or her own control.18 Factors that affect maternal percep
tion of fetal movement are not well understood. Fetal and pla
cental factors that may contribute include placental location, the 
length and type of fetal movements, and amniotic fluid volume 
(AFV), although whether AFV affects maternal perception or 
actual fetal movement is unclear.52 Maternal factors that may 
influence the evaluation of fetal movement include maternal 
activity, parity, obesity, medications, and psychological factors, 
including anxiety. Studies of these associations have demon
strated conflicting results.52 About 80%  o f all mothers are able 
to comply with a program o f counting fetal activity.18

Several methods have been used to monitor fetal activity in 
research and clinical practice. These methods include FMC over 
a prescribed time period, such as 30 to 60 minutes one to three 
times daily, or conversely a target number of fetal movements to 
be counted over a variable time range. A variety of “normal” and 
“abnormal” FMC results or thresholds have been proposed, to 
which the patient should be instructed to respond by presenting 
for further evaluation of the condition of the fetus (Fig. 11-8). 
These potential triggers for further evaluation include fewer than 
three movements in 1 hour or no movements for 12 hours, 
Sadovsky’s “movement alarm signal”; fewer than three move
ments an hour for 2 consecutive days; or inability to count 10 
movements in a 12-hour period, the Cardiff “count-to-10” 
method advocated by Pearson and Weaver. The count-to-10 
method has received wide scrutiny and is used perhaps most 
frequently in clinical practice. The use of this technique as a 
screening tool has most recently been reexamined by Froen and 
associates.59 In a cohort of 1200 women instructed to start their 
fetal movement count at the first convenient time of the day,

Nonreactive

FIG 11-8 Maternal assessment of fetal activity is a valuable screening 
test for fetal condition. Should the mother report decreased fetal 
activity, a nonstress test is performed. In this situation, most non
stress tests are reactive.

they found that the mean time to count to 10 was less than 10 
minutes, compared with significantly longer and more variable 
average times reported in previous investigations. Noting the 
variation in defining normal and abnormal patterns and mater
nal perception of fetal movement as mentioned previously, Froen 
and associates concluded that significant research is needed to 
better define the changes in fetal activity patterns and perception 
associated with good and adverse perinatal outcomes.

Potential negative impacts of maternal assessment of fetal 
activity include maternal anxiety and a potential increase in 
utility of other testing modalities and antepartum admissions.60 
However, given the likely low impact of false-positive FMC 
results, and the fact that this has been the only form of antenatal 
testing to be compared with no testing and found to have a 
favorable impact on fetal death, it seems reasonable to continue 
to prescribe some form of maternal assessment of fetal move
ment to patients until more conclusive evidence can be gener
ated. As stated by Froen and associates59 in a 2008 review, “The 
fact that FM C versus no counting seems to be beneficial irre
spective of the chosen definition of decreased fetal movement 
(DFM) would support the hypothesis that benefit was derived 
from increased maternal vigilance regarding FM. W hen aware
ness, vigilance, and fetal movement counting is to be promoted, 
we have suggested that a maternal perception of significant and 
sustained reduction in fetal activity should remain the main 
definition of DFM. Any alarm limits, as ‘10 FM in 2 hours,’ 
should only be for guidance as a ‘rule of thumb.’”

Contraction Stress Test
The contraction stress test (CST), also known as the oxytocin 
challenge test (OCT), was the first biophysical technique 
widely applied for antepartum fetal surveillance. It was well 
known that uterine contractions produced a reduction in blood 
flow to the intervillous space. Analyses of intrapartum fetal heart 
rate monitoring had shown that a fetus with inadequate placen
tal respiratory reserve would demonstrate recurrent late decelera
tions in response to hypoxia, in particular a fetal arterial oxygen 
pressure below 20 mm Hg (see Chapter 15). As noted earlier, 
this drop in fetal heart rate in response to transient hypoxia is 
mediated by a vagal response to transient systemic fetal vascular 
reactivity provoked by hypoxia. The CST extended these obser
vations to the antepartum period. The response of the fetus at 
risk for uteroplacental insufficiency to uterine contractions 
formed the basis for this test.

To perform the CST, the patient is placed in the semi-Fowler 
position at a 30- to 45-degree angle with a slight left tilt to avoid 
the supine hypotensive syndrome. Continuous external fetal 
heart rate and uterine contraction monitoring is recorded, and 
a baseline is obtained before stimulating uterine activity. Mater
nal blood pressure is determined every 5 to 10 minutes to detect 
maternal hypotension. In some cases, adequate uterine activity 
occurs spontaneously, and additional uterine stimulation is 
unnecessary. An adequate CST requires uterine contractions 
of moderate intensity that last about 40 to 60 seconds with 
a frequency of three in 10 minutes. These criteria were selected 
to approximate the stress experienced by the fetus during the 
first stage of labor. If uterine activity is absent or inadequate, 
intravenous oxytocin is begun to initiate contractions, and it 
is increased until adequate uterine contractions have been 
achieved.32 Several methods of nipple stimulation have been 
used to induce adequate uterine activity, and the success rate at 
achieving adequate contractions and test results is comparable
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to that of oxytocin infusion.32,42 After the CST has been com
pleted, the patient should be observed until uterine activity 
has returned to its baseline level. Contraindications to the 
test include a high risk for premature labor, such as in patients 
with PROM, multiple gestations, and cervical incompetence, 
although the CST has not been associated with an increased 
incidence of premature labor.61 The CST should also be avoided 
in conditions in which uterine contractions may be dangerous, 
such as placenta previa and a previous classic cesarean delivery 
or uterine surgery.

Most clinicians use the definitions proposed by Braly 
and Freeman and colleagues61,62 to interpret the CST (detail in 
Table 11-3):

Negative: No late or significant variable decelerations 
Positive: Late decelerations with at least 50% of contractions 
Suspicious: Intermittent late or variable decelerations 
Hyperstimulation: Decelerations with contractions longer 

than 90 seconds’ duration or a greater than 2-minute 
frequency

Unsatisfactory: Fewer than three contractions per 10 minutes 
or an uninterpretable tracing

Predictive Value of the Contraction Stress Test
A negative CST has been consistently associated with good 
fetal outcome. Studies have shown the incidence of perinatal 
death within 1 week of a negative CST (i.e., the false-negative 
rate) to be less than 1 per 1000.2,42,63,64 M any of these deaths, 
however, can be attributed to cord accidents, malformations, 
placental abruption, and acute deterioration of glucose control 
in patients with diabetes. Thus the CST, like most methods of 
antepartum fetal surveillance, cannot predict acute fetal 
compromise. If the CST is negative and reactive, a repeat study 
is usually scheduled in 1 week (Fig. 11-9). A negative but non
reactive CST is not suggestive of acute fetal compromise but 
cannot be seen as constituting the same low false-negative rate 
over the course of 1 week as a negative reactive CST. A negative 
nonreactive CST is usually repeated in 24 hours (Fig. 11-10). 
Changes in the patient’s clinical condition may warrant more 
frequent studies. A positive CST has been associated with an 
increased incidence of intrauterine death, late decelerations in 
labor, low 5-minute Apgar scores, IUGR, and meconium- 
stained amniotic fluid (Fig. 11-11)63 with an overall likelihood 
of perinatal death after a positive CST ranging from 7% to 15%.

TABLE 11-3 INTERPRETATION OF CONTRACTION STRESS TEST

FINDING DESCRIPTION INCIDENCE (%)

Negative No late decelerations appear anywhere on the tracing with adequate uterine contractions (three in 10 min). 80
Positive Late decelerations that are consistent and persistent present with the majority (>50%) of contractions 

without excessive uterine activity; if  persistent late decelerations are seen before the frequency of 
contractions is adequate, the test is interpreted as positive.

3-5

Suspicious Decelerations are late and inconsistent. 5
Hyperstimulation Uterine contractions closer than every 2 min or lasting more than 90 sec or five uterine contractions in 

10 min; if no late decelerations are seen, the test is interpreted as negative.
5

Unsatisfactory The quality of the tracing is inadequate for interpretation or adequate uterine activity cannot be achieved. 5
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FIG 11-9 A reactive and negative contraction stress test. With this result, the test would ordinarily be repeated in 1 week.

FIG 11-10 A nonreactive and negative contraction stress test. After this result, the test would ordinarily be repeated in 24 hours.
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FIG 11-11 A nonreactive and positive contraction stress test with fetal tachycardia. At 34 weeks, a poorly compliant patient with type 1 diabetes 
mellitus reported decreased fetal activity. The nonstress test revealed a fetal tachycardia of 170 beats/min and was nonreactive. The CST was 
positive, and a biophysical profile score was 2. The patient's cervix was unfavorable for induction. The patient underwent a low transverse 
cesarean delivery of a 2200-g male infant with Apgar scores of 1 and 3. The umbilical arterial pH was 7.21.

On the other hand, the incidence of false-positive CSTs has been 
significant; depending on the end point used, it can be between 
35% and 65% .2,64 The positive CST is more likely to be associ
ated with fetal compromise if the baseline heart rate lacks accel
erations and the latency period between the onset of the uterine 
contractions and the onset of the late deceleration is less than 
45 seconds.

The high incidence o f false-positive CSTs is one o f the 
greatest limitations o f this test because such results could 
lead to unnecessary premature intervention. False-positive 
CSTs may be attributable to misinterpretation of the tracing; 
supine hypotension, which decreases uterine perfusion; uterine 
hyperstimulation, which is not appreciated using the tocodyna- 
mometer; or an improvement in fetal condition after the CST 
has been performed. The high false-positive rate also indicates 
that a patient with a positive CST need not necessarily require 
an elective cesarean delivery. If a trial of labor is to be undertaken 
after a positive CST, the cervix should be favorable for induction 
so that direct fetal heart rate monitoring and careful assessment 
of uterine contractility with an intrauterine pressure catheter can 
be performed. A suspicious or equivocal CST or one that is 
unsatisfactory or shows hyperstimulation should be repeated in
24 hours. In one series, 7.5% of patients with an initially suspi
cious CST exhibited positive tests on further evaluation, 53.7% 
became negative, and 38.8% remained suspicious.65 In follow-up 
studies of children who demonstrated a positive CST, few have 
exhibited abnormalities in neurologic and psychological devel
opment.66 A potential determinant in the long-term outcome 
for these children may have been the early recognition of non
reassuring fetal heart rate patterns that enabled the prevention 
of intrapartum compromise.

Nonstress Test
Observations made in the mid twentieth century that accelera
tions o f the fetal heart rate in response to fetal activity, 
uterine contractions, or stimulation reflect fetal well-being 
formed the basis for the nonstress test (NST). The NST is the
most widely applied technique for antepartum fetal evaluation 
despite the uncertainty regarding its reliability and reproduc
ibility as a test of fetal assessment. The basic technology that 
underlies its performance and application has changed little

since its introduction and wide acceptance into antenatal 
practice.67

In late gestation, the healthy fetus exhibits an average of 34 
accelerations above the baseline fetal heart rate each hour.68 
These accelerations, which average 20 to 25 beats/min in ampli
tude and about 40 seconds in duration, require intact neurologic 
coupling between the fetal CNS and the fetal heart.68 Fetal 
hypoxia disrupts this pathway. At term, fetal accelerations are 
associated with fetal movement more than 85% of the time, and 
more than 90% of gross movements are accompanied by accel
erations. Fetal heart rate accelerations may be absent during 
periods of quiet fetal sleep. Studies by Patrick and associates68 
demonstrated that the longest time between successive accelera
tions in the healthy term fetus is about 40 minutes. However, 
the fetus may fail to exhibit heart rate accelerations for up to 80 
minutes and still be normal.

Although an absence of fetal heart rate accelerations is most 
often attributable to a quiet fetal sleep state, CNS depressants 
such as narcotics and phenobarbital, as well as the (3-blocker 
propranolol, can reduce heart rate reactivity. Chronic smoking 
is known to decrease fetal oxygenation through an increase in 
fetal carboxyhemoglobin and a decrease in uterine blood flow. 
Fetal heart rate accelerations are also decreased in smokers.

The NST is usually performed in an outpatient setting. In 
most cases, only 10 to 15 minutes are required to complete the 
test. It has virtually no contraindications, and few equivocal test 
results are observed. The patient may be seated in a reclining 
chair, with care taken to ensure that she is tilted to the left to 
avoid the supine hypotensive syndrome.32 The patient’s blood 
pressure should be recorded before the test is begun and then 
repeated at 5- to 10-minute intervals. The fetal heart rate is moni
tored using the Doppler ultrasound transducer, and the tocody- 
namometer is applied to detect uterine contractions or fetal 
movement. Fetal activity may be recorded by the patient using an 
event marker, or it may be noted by the staff performing the test.

Fetal Heart Rate Patterns Observable 
on the Nonstress Test
REACTIVE
The most widely applied definition of a reactive test requires that 
at least two accelerations of the fetal heart rate, each with a peak
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FIG 11-12 A reactive nonstress test. Accelerations of the fetal heart greater than 15 beats/min and that last longer than 15 sec can be identified. 
When the patient appreciates a fetal movement, she presses an event marker on the monitor, which creates arrows on the lower portion of 
the tracing.

FIG 11-13 A nonreactive nonstress test. No accelerations of the fetal heart rate are observed. The patient has perceived fetal activity as indicated 
by the arrows in the lower portion of the tracing.

amplitude of 15 beats/min and total duration of 15 seconds, be 
observed in 20 minutes of monitoring (Fig. 11-12).® Gesta
tional age affects reactivity criteria because sympathetic and 
parasympathetic influences on fetal heart rate change with 
advancing gestational age. Compared with the early third tri
mester, increased frequency and amplitude of fetal heart rate 
accelerations are seen after 30 weeks of gestation; although half 
of normal fetuses demonstrate accelerations with fetal move
ments at 24 weeks, nearly all fetuses will do so after 30 weeks. 
Similarly, before 30 to 32 weeks’ gestation, acceptable criteria 
for a reactive fetal heart rate tracing include accelerations with 
a peak of only 10 beats/min amplitude and 10 seconds’ duration 
rather than the widely applied 15-and-15 definition for reactiv
ity described above.69

NONREACTIVE
If the criteria for reactivity are not met, the test is considered 
nonreactive (Fig. 11-13). The most common cause for a nonre
active test is a period of fetal inactivity or quiet sleep. Therefore 
the test may be extended for an additional 20 minutes with the 
expectation that the fetal state w ill change and reactivity will 
appear. Keegan and colleagues70 noted that about 80% of tests 
that were nonreactive in the morning became reactive when 
repeated later the same day. In an effort to change the fetal state, 
some clinicians have manually stimulated the fetus or attempted

to increase fetal glucose levels by giving the mother orange 
juice. No evidence suggests that such efforts w ill increase fetal 
activity.71,72 If the test has been extended for 40 minutes, and 
reactivity has not been seen, a BPP or CST should be performed. 
Of those fetuses that exhibit a nonreactive NST, about 25% will 
have a positive CST on further evaluation.73"75 Reactivity that 
occurs during preparations for the CST has proved to be a reli
able index of fetal well-being.

Overall, on initial testing, 85% of NSTs are reactive and 
15% are nonreactive (Fig. 11-14).73 Fewer than 1% of NSTs 
prove unsatisfactory because of inadequately recorded fetal heart 
rate data.

The likelihood of a nonreactive test is substantially increased 
early in the third trimester. Between 24 and 28 weeks’ gestation, 
about 50% of NSTs are nonreactive, and 15% of NSTs remain 
nonreactive between 28 and 32 weeks.76 After 32 weeks, the 
incidences of reactive and nonreactive tests is comparable to that 
seen at term. In summary, when accelerations o f the baseline 
heart rate are seen during monitoring in the late second and 
early third trimesters, the NST has been associated with fetal 
well-being.

When nonreactive, the NST is extended in an attempt to 
distinguish the fetus in a period of prolonged quiet sleep from 
those who are hypoxemic or asphyxiated. Most fetuses that 
exhibit a nonreactive NST are not compromised but simply
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232 Section II Prenatal Care

fail to exhibit heart rate reactivity during the 40-minute 
period o f testing. Malformed fetuses also exhibit a significantly 
higher incidence of nonreactive NSTs.77 Vibroacoustic stimula
tion (VAS) may be used to change the fetal state from quiet to 
active sleep (Fig. 11-15). Auditory brainstem response appears 
to be functional in the fetus at 26 to 28 weeks’ gestation. Thus 
VAS may significantly increase the incidence of reactive NSTs 
after 26 weeks’ gestation and may reduce the testing time, 
making this a potentially useful adjunct to antepartum fetal 
testing.76,78 Most studies of VAS have used an electronic artificial 
larynx that generates sound pressure levels measured at 1 meter 
in air of 82 dB with a frequency of 80 Hz and a harmonic of 
20 to 9000 Hz. Whether it is the acoustic or vibratory compo
nent of this stimulus that alters fetal state is unclear. VAS may 
produce a significant increase in the mean duration and ampli
tude of heart rate accelerations, fetal heart rate variability, and

FIG 11-14 Results of nonstress testing in 1000 high-risk patients. In 
general, 85% of tests are reactive, and 15% are nonreactive. Of those 
patients with a nonreactive nonstress test (NST), about 25% have a 
positive contraction stress test (CST) on further evaluation. The 
highest perinatal mortality (PNM) is observed in patients with a non
reactive NST and a positive CST. Patients with a nonreactive NST and 
a negative CST have a PNM rate higher than that found in patients 
whose NST is initially reactive. (PNM rates are based on data from 
Evertson L, Gauthier R, Schifrin B, et al. Antepartum fetal heart rate 
testing. I. Evolution of the nonstress test. Am J Obstet Gynecol. 
1979:133:29.)

gross fetal body movements within 3 minutes of stimulation.79 
Several studies using VAS have shown a decreased incidence of 
nonreactive NSTs from 13% to 14% down to 6% to 9%. A 
reactive NST after VAS stimulation appears to be as reliable an 
index of fetal well-being as spontaneous reactivity.79 However, 
those fetuses that remain nonreactive even after VAS may be at 
increased risk for poor perinatal outcome, with increased rates 
of intrapartum fetal distress and growth restriction and low 
Apgar scores.

In most centers that use VAS, the baseline fetal heart rate is 
first observed for 5 minutes. If the pattern is nonreactive, a 
stimulus of 3 seconds or less is applied near the fetal head. If the 
NST remains nonreactive, the stimulus is repeated at 1-minute 
intervals up to three times. If the fetus still does not respond, 
further evaluation should be carried out with a BPP or CST. 
Studies have confirmed the safety of VAS use during pregnancy, 
and no long-term evidence of hearing loss has been found in 
children followed in the neonatal period and up to 4 years of 
age.80 Other interventions to safely shorten NST time have been 
investigated, most with equivocal results.81 In summary, VAS 
may be helpful in shortening the time required to perform  
an NST and may be especially useful in centers where large 
numbers o f NSTs are done.

Other Nonstress Test Patterns or Findings 
SINUSOIDAL PATTERN
On rare occasions, a sinusoidal heart rate pattern may be 
observed, as described in Chapter 15. This undulating heart rate 
pattern with virtually absent variability has been associated with 
fetal anemia and asphyxia, congenital malformations, and medi
cations such as narcotics. In one of the earliest reports on the 
use of the NST, Rochard and coworkers82 described a sinusoidal 
pattern in 20 of 50 pregnancies complicated by Rh isoimmuni
zation. One half of these pregnancies ended in a perinatal death, 
and 40% of the surviving infants required prolonged hospitaliza
tion. Only 10% of the babies with a sinusoidal pattern had an 
uncomplicated course.

BRADYCARDIA
Before 27 weeks’ gestation, the normal fetal heart rate response 
to fetal movement may in fact be a bradycardia. However, in 
settings with a high a priori risk of fetal compromise, such as

i!

FIG 11-15 Reactive nonstress test after vibroacoustic stimulation. The stimulus was applied at the point marked by the musical notes, and a 
sustained fetal heart rate acceleration was produced.
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FIG 11-16 A nonstress test in this primigravid patient of 43 weeks’ gestation reveals a spontaneous bradycardia. The fetal heart rate has fallen 
from a baseline of 150-100 beats/min. Upon induction of labor, the patient required cesarean delivery for fetal distress associated with severe 
variable decelerations. The amniotic fluid was decreased in amount and was meconium stained.

IUGR associated with antiphospholipid syndrome, bradycardia 
at a gestational age of 26 to 28 weeks may be a predictor of 
impending fetal death. In these challenging cases, the entire 
clinical situation needs to be evaluated and discussed in full with 
the parents; this should include a neonatology consultation, 
initiated before intervention and delivery of a very preterm fetus 
exhibiting fetal heart rate decelerations.

Significant fetal heart rate bradycardias have been observed in 
1% to 2% of all NSTs, defined as a fetal heart rate of 90 beats/ 
min or a fall in the fetal heart rate of 40 beats/min below the 
baseline for 2 minutes or longer (Fig. 11-16). In a review of 121 
cases, bradycardia was associated with increased perinatal mor
bidity and mortality, particularly antepartum fetal death, cord 
compression, IUGR, and fetal malformations.83 Although about 
one half of the NSTs associated with bradycardia were reactive, 
the incidence of a nonreassuring fetal heart rate pattern in labor 
that led to emergency delivery in this group was identical to that 
of patients who exhibited nonreactive NSTs. Clinical manage
ment decisions should be based on the finding of bradycardia 
not on the presence or absence of reactivity. Bradycardia has a 
higher positive predictive value for fetal compromise (fetal death 
or fetal intolerance of labor) than does the nonreactive NST. In 
this setting, antepartum fetal death is most likely due to a cord 
accident.

If a bradycardia is observed, an ultrasound examination 
should be performed to assess amniotic fluid volume and to 
detect the presence o f anomalies. Expectant management in 
the setting of a bradycardia has been associated with a PM R of 
25%. Therefore several reports have recommended that delivery 
be undertaken if  the fetus is mature. W hen the fetus is prema
ture, the physician might elect to administer corticosteroids to 
accelerate fetal lung maturation before delivery. Continuous 
fetal heart rate monitoring is necessary if expectant management 
is followed.

TACHYCARDIA
The fetal heart rate baseline evaluation must also take gestational 
age into account, as with fetal heart rate reactivity. Vagal activity 
has a greater influence on fetal heart rate at baseline as gestation 
advances; thus baseline fetal heart rate will decrease from an 
average of 155 beats/min at 20 weeks to 145 beats/min at 30 
weeks. The most common etiology o f fetal tachycardia is 
maternal-fetal fever secondary to maternal-fetal infection

such as chorioamnionitis. Other causes include chronic hy
poxemia, maternal hyperthyroidism, and fetal tachyarrhythmia. 
Fetal heart rates above 200 beats/min, and certainly above 
220 beats/min, should increase the index of suspicion of fetal 
tachyarrhythmia and lead to further fetal cardiac evaluation with 
a targeted fetal echocardiogram. For fetal heart rates between 
160 and 180 beats/min, the presence or absence of baseline 
variability is an important indicator of fetal acid-base status. 
Fetal acidosis is more likely if  baseline variability is absent.69

ARRHYTHMIA
Among fetal arrhythmias, most (approximately 90%) are 
tachyarrhythmias. Fetal tachyarrhythmia is most often diag
nosed when the fetal ventricular heart rate is faster than 180 
beats/min. Common causes of fetal tachyarrhythmias are parox
ysmal supraventricular tachycardia and atrial flutter. The admin
istration of antiarrhythmic therapy to the pregnant mothers of 
fetuses with sustained supraventricular tachycardia represented 
the first examples of successful prenatal cardiac therapy. Multiple 
publications describe treatment protocols for this arrhythmia. 
Characteristics of fetuses who may need treatment include 
hydrops fetalis in the face of a sustained arrhythmia and a ges
tational age too early to preclude safe delivery and postnatal 
treatment. In such cases, therapy is best initiated with medica
tions that have a relatively broad therapeutic margin and a low 
risk for proarrhythmia (unwanted precipitation or exacerbation 
of the arrhythmia) for the fetus and the mother. Digoxin is the 
most commonly used first-line agent but is rarely effective in 
the presence of fetal hydrops, for which sotalol or flecainide are 
typical first-line choices.84

Fetal bradyarrhythmia is diagnosed when the fetal ventricu
lar heart rate is slower than 100 beats/min, mainly because of 
atrioventricular block. About half of all cases are caused by 
fetal cardiac anomalies, and of the remaining cases with normal 
cardiac structure, many are related to maternal antibodies. These 
antibodies, which include SS-A and SS-B, may directly target 
the fetal atrioventricular node or the myocardium, resulting in 
heart block and myocarditis. Fetuses with bradyarrhythmia may 
develop hydrops fetalis, particularly with sustained bradycardia 
at a rate less than 55 beats/min. In utero heart failure with 
congenital heart block, with or without congenital heart disease, 
represents an indication for electrical pacemaker therapy in sur
viving neonates. This condition is less often successfully treated
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antenatally than fetal tachyarrhythmia. Available therapies 
include maternal administration of (3-agonists, which have been 
shown to increase fetal ventricular rate by 10% to 20%, and 
steroid or immunoglobulin administration, which may be effec
tive in cases of fetal heart block caused by maternal antibodies. 
Potential improved fetal outcome includes reversal of hydrops 
in several reports.84

DECELERATION
In most cases, mild variable decelerations are not associated 
with poor perinatal outcome. Meis and associates83 reported 
that variable decelerations of 20 beats/min or more below the 
baseline heart rate but lasting less than 10 seconds were noted 
in 50.7% of patients undergoing an NST. Whereas these decel
erations were more often associated with a nuchal cord, they 
were not predictive of IUGR, a nonreassuring fetal heart rate 
pattern, or more severe variable decelerations during labor. 
When mild variable decelerations are observed, even if the NST 
is reactive, an ultrasound examination should be performed to 
rule out oligohydramnios. A low amniotic fluid index (AFI) and 
mild variable decelerations increase the likelihood of a cord 
accident. If late decelerations in response to contractions are 
observed in the performance of an NST, criteria for interpreta
tion of a CST should then be used.

Predictive Value of the Nonstress Test
The NST is most predictive when it is normal or reactive. The
reported false-negative rate over multiple studies ranges from 
0.2% to 0.8% , which corresponds to a fetal death rate of 3 to 
8 per 1000 within 1 week of a reactive NST. The false-positive 
rate is considerably higher and ranges from 50% to more than 
90% in various studies.2,42

A 2012 Cochrane review67 integrated the results of six ran
domized controlled trials that included 2105 women; four 
studies with 1636 women compared nonstress testing (or NST 
with results revealed) to no NST (or NST with results con
cealed), and two studies with 469 women compared NST with 
computerized analysis to traditional (visually analyzed) NST. 
The six included studies only recruited high-risk women, and 
none provided information about singleton and multiple preg
nancies. O f note, all four of the studies that compared NST with 
no NST were performed in the 1980s. In the studies that com
pared NST with no NST, no significant differences were identi
fied in the risk for perinatal mortality (risk ratio [RR], 2.05; 
95% confidence interval [C l], 0.95-4.42; 2.3% vs. 1.1%). In 
addition, no differences were identified in rates of cesarean deliv
ery, “potentially preventable perinatal mortality,” Apgar scores, 
neonatal intensive care unit (NICU) admissions, gestational age 
at birth, or neonatal seizures. However, in the two studies that 
compared computerized analysis to visual analysis, a significant 
reduction was seen in perinatal mortality with computerized 
analysis (RR, 0.20; 95% C l, 0.04-0.88; 0.9% vs. 4.2% ).67 The 
authors concluded that the analysis was underpowered to detect 
possible important differences in perinatal mortality and pointed 
out that many aspects of antenatal and postnatal care may have 
changed since the included trials were performed. They called 
for new studies to assess the effects of the traditional and 
computer-analyzed NST in order to assess the true impact on 
perinatal mortality and other outcomes.

In selected high-risk pregnancies, the false-negative rate 
associated with a weekly NST may be unacceptably high, 
especially in those pregnancies complicated by pregestational

diabetes mellitus, IUGR, and prolonged gestation. In these 
cases, increasing the frequency of the NST to twice weekly may 
be advisable.86,87

Fetal B io p h ysical Profile
The use o f real-time ultrasonography to assess antepartum 
fetal condition has enabled the obstetrician to perform an in 
utero physical examination and evaluate dynamic functions 
that reflect the integrity o f the fetal CNS.88 As emphasized by 
M anning and colleagues,89 “fetal biophysical scoring rests on the 
principle that the more complete the examination of the fetus, 
its activities, and its environment, the more accurate may be the 
differentiation of fetal health from disease states.”

Fetal breathing movements (FBMs) were the first biophysical 
parameter to be assessed using real-time ultrasonography. It is 
thought that the fetus exercises its breathing muscles in utero in 
preparation for postdelivery respiratory function. W ith real-time 
ultrasonography, FBM is evidenced by downward movement of 
the diaphragm and abdominal contents and by an inward col
lapsing of the chest. FBMs become regular at 20 to 21 weeks 
and are controlled by centers on the ventral surface of the fourth 
ventricle of the fetus.90 They are observed about 30% of the 
time, are seen more often during REM sleep, and demonstrate 
intact neurologic control when present. Although the absence 
of FBMs may reflect fetal asphyxia, this finding may also indi
cate that the fetus is in a period of quiet sleep.51 Several factors 
other than fetal state and hypoxia can influence the presence of 
FBM. As maternal glucose levels rise, FBM becomes more fre
quent, and during periods of maternal hypoglycemia, FBM 
decreases. Maternal smoking reduces FBM, probably as a result 
of fetal hypoxemia. Narcotics that depress the fetal CNS also 
decrease FBM.

Regarding other observable fetal states as markers of fetal 
oxygen status and well-being, Vintzileos and coworkers90 stressed 
that fetal biophysical activities that are present earliest in 
fetal development are the last to disappear with fetal hypoxia.
The fetal tone center in the cortex begins to function at 7.5 to
8.5 weeks, therefore fetal tone would be the last fetal parameter 
to be lost with worsening fetal condition. The fetal movement 
center in the cortex nuclei is functional at 9 weeks and would 
be more sensitive than fetal tone. As noted earlier, FBM becomes 
regular at 20 to 21 weeks. Finally, fetal heart rate control, which 
resides within the posterior hypothalamus and medulla, becomes 
functional at the end of the second trimester and early in the 
third trimester. An alteration in fetal heart rate would theoreti
cally be the earliest sign of fetal compromise.

Using these principles, M anning and colleagues91 developed 
the concept of the fetal BPP score. These researchers elected to 
combine the NST with four parameters that could be assessed 
using real-time ultrasonography; FBM, fetal movement, fetal 
tone, and amniotic fluid volume (AFV). FBM, fetal movement, 
and fetal tone are mediated by complex neurologic pathways and 
should reflect the function of the fetal CNS at the time of the 
examination. On the other hand, AFV should provide informa
tion about the presence of chronic fetal asphyxia. Finally, the 
ultrasound examination performed for the BPP has the added 
advantage of detecting previously unrecognized major fetal 
anomalies. A BPP score was developed that is similar to the 
Apgar score used to assess the condition of the newborn.91 The 
presence of a normal parameter, such as a reactive NST, was 
awarded 2 points, whereas the absence of that parameter was 
scored as 0. The highest score a fetus can receive is 10, and the
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TABLE 11-4 CRITERIA OF BIOPHYSICAL PROFILE SCORING

BIOPHYSICAL VARIABLE 
(SCORE = 0)

Fetal breathing movements 
Gross body/limb movement

Fetal tone

Reactive fetal heart rate 

Amniotic fluid volume

NORMAL (SCORE = 2)

At least one episode of >30 sec duration in 30-min observation 
At least three discrete body/limb movements in 30 min (episodes 

of active continuous movement considered a single movement) 
At least one episode of active extension with return-flexion of 

fetal limb or trunk, with opening and closing of the hand 
considered to reflect normal tone 

At least two episodes of acceleration of >15 beats/min and 15 sec 
duration associated with fetal movement in 20 min*

At least one pocket of amniotic fluid measuring >2 cm in two 
perpendicular planes

ABNORMAL

Absent or no episode of >30 sec duration in 30 min 
Up to two episodes of movements in 30 min

Either slow extension with return-partial flexion, 
movement of limb in full extension, or absent 
fetal movement 

Fewer than two accelerations or acceleration <15 
beats/min in 20 min 

Either no amniotic fluid pockets or a pocket <2 cm 
in two perpendicular planes

Modified from Manning FA. Biophysical profile scoring. In Nijhuis J (ed): Fetal Behaviour. New York, Oxford University Press; 1992:241. 
*For gestational age >30 weeks.

TABLE 11-5 MANAGEMENT BASED ON BIOPHYSICAL PROFILE

SCORE INTERPRETATION

10 Normal; low risk for chronic asphyxia
8 Normal; low risk for chronic asphyxia
6 Suspect chronic asphyxia

4 Suspect chronic asphyxia
0-2 Strongly suspect chronic asphyxia

MANAGEMENT

Repeat testing at weekly to twice-weekly intervals.
Repeat testing at weekly to twice-weekly intervals.
If >36-37 wk gestation or <36 wk with positive testing for fetal pulmonary maturity, consider 

delivery; if  <36 wk and/or fetal pulmonary maturity testing is negative, repeat biophysical 
profile in 4-6 hr; deliver if  oligohydramnios is present.

If >36 wk gestation, deliver; if  <32 wk gestation, repeat score.
Extend testing time-120 min; if  persistent score is 4 or less, deliver regardless of gestational age.

Modified from Manning FA, Harman CR, Morrison I, et al. Fetal assessment based on fetal biophysical profile scoring. Am J  Obstet Gynecol. 1990; 162:703; and Manning FA. 
Biophysical profile scoring. In Nijhuis J , ed: Fetal behaviour. New York, Oxford University Press; 1992:241.

lowest score is 0. The BPP may be used as early as 26 to 28 
weeks’ gestation. The time required for the fetus to achieve a 
satisfactory BPP score is closely related to fetal state, with an 
average of only 5 minutes if  the fetus is in a 2F state but over
25 minutes if  it is in a IF state.92

The criteria proposed by Manning and colleagues91 are shown 
in Table 11-4, and the clinical actions recommended in response 
to these scores are presented in Table 11-5. A low score on the 
BPP does not prohibit attempted vaginal delivery if  other obstet
ric factors are favorable.

In a prospective blinded study of 216 high-risk patients, no 
perinatal deaths were observed when all five variables described 
earlier were normal, but a PM R of 60% was seen in fetuses with 
a score of zero.91 Fetal deaths were increased fourteenfold with 
the absence of fetal movement, and the PM R was increased 
eighteenfold if  FBM was absent. Any single test was associated 
with a significant false-positive rate that ranged from 50% to 
79%. However, combining abnormal variables significantly 
decreased the false-positive rate to as low as 20%. The false- 
negative rate— that is, the incidence of babies who were com
promised but who had normal testing—was low and ranged 
from a PM R of 6.9 per 1000 for infants with normal amniotic 
fluid volume to 12.8 per 1000 for fetuses with a reactive NST. 
These investigators found that in most cases, the ultrasound- 
derived BPP parameters and NST could be completed within a 
relatively short time; each requires about 10 minutes.

M anning and colleagues93 presented their experience with 
26,780 high-risk pregnancies followed with the BPP. In their 
protocol, a routine NST is not performed if  all of the ultrasound 
parameters are found to be normal for a score of 8. An NST is 
performed when one ultrasound finding is abnormal. The cor
rected PMR in this series was 1.9 per 1000 with fewer than 1 
fetal death per 1000 patients within 1 week of a normal profile. 
O f all patients tested, almost 97% had a score of 8, which means

that only 3% required further evaluation for scores of 6 or less. 
In a study of 525 patients with scores of 6 or less, poor perinatal 
outcome was most often associated with either a nonreactive 
NST and absent fetal tone or a nonreactive NST and absent 
FBM.94 A significant inverse linear relationship was observed 
between the last BPP score and both perinatal morbidity and 
mortality (Figs. 11-17 and 11-18).95 Depending on the end 
point used, the false-positive rate ranged from 75% for a score 
of 6 to less than 20% for a score of 0. Manning has summarized 
the data reported in eight investigations using the BPP for fetal 
evaluation. Overall, 23,780 patients and 54,337 tests were 
reviewed. The corrected PMR, excluding lethal anomalies, was 
0.77 per 1000.

The BPP correlates well with fetal acid-base status.
Vintzileos and associates90 studied 124 patients undergoing 
cesarean birth before the onset of labor. Deliveries were under
taken for severe preeclampsia, elective repeat cesarean delivery, 
growth restriction, breech presentation, placenta previa, and 
fetal macrosomia. Acidosis was defined as an umbilical cord arte
rial pH less than 7.20. The earliest manifestations of fetal aci
dosis were a nonreactive NST and loss of FBM. W ith scores of 
8 or more, the mean arterial pH was 7.28, and only 2 of 102 
fetuses were acidotic. Nine fetuses with scores of 4 or less had a 
mean pH of 6.99, and all were acidotic.

Some studies have demonstrated that antenatal corticosteroid 
administration may have an effect on the BPP, decreasing the 
profile score. Because corticosteroids are used in cases of antici
pated premature delivery (24-34 weeks), any false-positive 
results on biophysical testing may lead to inappropriate inter
vention and delivery. Kelly and coworkers reported that BPP 
scores were decreased in more than one third of the fetuses tested 
at 28 to 34 weeks’ gestation. This effect was seen within 48 hours 
of corticosteroid administration. Neonatal outcome was not 
affected. Repeat BPPs within 24 to 48 hours were normal in
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Last BPP score before delivery

FIG 11-17 The relationship between five indexes of perinatal morbidity 
and last biophysical profile (BPP) score before delivery. A significant 
inverse linear correlation is observed for each variable. IUGR, 
intrauterine growth restriction; NICU, neonatal intensive care unit. 
(From Manning FA, Harman CR, Morrison I, et al. Fetal assessment 
based on fetal biophysical profile scoring. Am J Obstet Gynecol. 
1990:162:703.)

cases in which the BPP score had decreased by 4 points. The 
most commonly affected variables were FBM and the NST. 
Other investigators have reported transient suppression of FBM 
and heart rate reactivity after corticosteroid administration at 
less than 34 weeks’ gestation, with return of these parameters to 
normal by 48 to 96 hours after corticosteroid treatment. This 
effect must be considered at institutions where daily BPPs are 
used to evaluate the fetus in cases of preterm labor or preterm 
premature rupture of the membranes (PPROM).

Some controversy concerns the utility of the BPP in predict
ing chorioamnionitis in pregnancies complicated by preterm 
labor or PPROM. Sherer and colleagues reported that the 
absence of FBM is associated with histologic evidence of fetal 
inflammation and intrauterine infection in patients with preterm 
labor and intact membranes before 32 weeks’ gestation. However, 
they recommend that this finding not be used to guide clinical 
management because of the low positive predictive value of 
absent FBM. Lewis and associates performed a randomized trial 
of daily NSTs versus BPP in the management of PPROM. They 
concluded that neither daily NSTs nor BPPs had high sensitivity 
in predicting infectious complications in these patients. Daily 
BPPs increased cost without apparent benefit.

Last BPP score before delivery

FIG 11-18 The relationship between perinatal mortality (PNM), both 
total and corrected for major anomalies, and the last biophysical 
profile (BPP) score before delivery. A highly significant inverse and 
exponential relationship is observed. (From Manning FA, Harman CR, 
Morrison I, et al. Fetal assessment based on fetal biophysical profile 
scoring. Am J Obstet Gynecol. 1990:162:703.)

M anning and colleagues have described the correlation 
between biophysical scoring and the incidence of cerebral palsy 
in Manitoba. In patients referred for a BPP, an inverse, expo
nential, and highly significant relationship was found between 
last BPP score and the incidence of cerebral palsy. Scores of 
6 or less had a sensitivity of 49%. The more abnormal the 
last BPP, the greater the risk for cerebral palsy. Gestational 
age, birthweight, and assumed timing of the in jury were not 
related to the incidence of cerebral palsy, which ranged from 
0.7 per 1000 live births for a normal BPP score to 13.1 per 
1000 live births for a score of 6 to 333 per 1000 live births for 
a score of 0.

Several drawbacks of the BPP should be considered. Unlike 
the NST and CST, an ultrasound machine is required, and 
unless the BPP is videotaped, it cannot be reviewed. If the fetus 
is in a quiet sleep state, the BPP can require a long period of 
observation. The present scoring system does not consider the 
impact of hydramnios. For example, in a pregnancy complicated 
by diabetes mellitus, the presence of excessive amniotic fluid may 
be an indicator of fetal risk.

Predictive Value of the Biophysical Profile
To summarize the results o f multiple studies, the false- 
negative rate o f a normal BPP is less than 0.1% , or less than
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1 fetal death per 1000 within 1 week o f a normal BPP.' The
false-positive rate of a particular test has always been of concern 
because of the possibility of unnecessary intervention (usually 
delivery) and subsequent iatrogenic complications. The BPP was 
developed in part to address the issue of the high false-positive 
rate of the CST and the NST. Little attention has been paid to 
the possible false-positive rate of the abnormal or equivocal BPP. 
This is particularly relevant because the BPP is most commonly 
used as the final back-up test in the NST and CST sequence of 
testing and is critically important when dealing with the prema
ture fetus. As noted earlier, the false-positive rate of a score of 0 
is less than 20%, but for a score of 6, it is up to 75%. Inglis and 
coworkers used VAS to define fetal condition with BPP scores 
of 6 or less in 81 patients at 28 to 42 weeks. Obstetric and 
neonatal outcomes of 41 patients whose score improved to 
normal after VAS were compared with those of 238 patients who 
had normal scores without VAS. The obstetric and neonatal 
outcomes were not significantly different between the two 
groups. VAS improved the BPP in about 80% of cases. Use of 
VAS for an equivocal BPP did not increase the false-negative 
rate and may reduce the likelihood of unnecessary obstetric 
intervention.

A 2008 Cochrane review96 included evaluation of 2829 
women randomized to BPP versus NST. The majority were 
term pregnancies. No differences were found in perinatal 
mortality, cesarean delivery rate, Apgar scores, or admission to 
the NICU. As with the 2012 Cochrane review67 of the NST 
mentioned earlier, this analysis was underpowered to detect a 
significant difference in perinatal mortality among BPP and 
other modalities. The authors also note that “it is regrettable 
that since the introduction of the BPP in the 1980s, and follow
ing reports of observational studies of tens of thousands of 
pregnancies, less than 3000 women have been enrolled into 
randomized trials.”

M odified B io p h ysical Profile
In an attempt to simplify and reduce the time necessary to 
complete testing, a variety of modifications of the full BPP have 
been evaluated by focusing on the components of the BPP that 
are most predictive of perinatal outcome. The NST, an indicator 
of present fetal condition, may be combined with assessment of 
AFV (see Chapter 35), a marker of long-term status, in a modi
fied BPP (mBPP). In this setting, a deepest vertical pocket 
(DVP) of amniotic fluid greater than 2 by 1 cm is usually con
sidered normal, although different criteria have been applied. 
Multiple investigations, including a trial by M iller an col
leagues of 56,617 antepartum tests in 15,482 women, have 
demonstrated comparable results o f the mBPP to the full 
BPP, namely a false-negative rate (or rate o f fetal death within 
1 week o f a normal mBPP) o f 0.8 per 1000. Nageotte and 
associates97 demonstrated that the mBPP was as good a predictor 
of adverse fetal outcome as a negative CST. Additional evalua
tion for an abnormal mBPP is required in about 10% of patients. 
If the NST is nonreactive despite VAS or extended monitoring, 
or if  the AFV is abnormal, either a full BPP or CST is per
formed. The CST as a back-up test is associated with a higher 
rate of intervention for an abnormal test than the use of a com
plete BPP as a back-up test. Overall, the mBPP has a false- 
positive rate comparable to that of the NST but higher than that 
of the CST and full BPP. The low false-negative rate and ease of 
performance of the mBPP make it an excellent approach for the 
evaluation of large numbers of high-risk patients. As such,

although potentially still a useful test, the CST has become less 
frequently used in current practice.

W hether to use a full AFI for AFV assessment or an abbrevi
ated measure, the DVP, has undergone investigation. Chauhan 
and colleagues performed a randomized trial of more than 1000 
women and found that the AFI led to more diagnoses of oligo
hydramnios, a higher rate of intervention, and more iatrogenic 
prematurity but offered no advantage in detecting or preventing 
adverse outcomes. Similarly, a 2009 Cochrane review98 of five 
trials that included more than 3200 women concluded that no 
differences were apparent in perinatal outcomes. However, the 
use of AFI did result in an increased rate of diagnosis of oligo
hydramnios and an increased rate of induction of labor com
pared with DVP. This review could not comment on the relative 
ability of AFI, compared with DVP, for prevention of perinatal 
death because no deaths were reported in the included trials. 
Based on these data, more recent endorsement of DVP as the 
primary fluid to assessment strategy has been proposed.32

D oppler U ltraso un d
The advent of Doppler ultrasound has permitted noninvasive 
assessment of the fetal, maternal, and placental circulations. 
W ith Doppler ultrasound, we can obtain information about 
uteroplacental blood flow and resistance, which may be markers 
of fetal adaptation and reserve. This method o f fetal assessment 
has only been demonstrated to be o f value in reducing peri
natal mortality and unnecessary obstetric interventions in 
fetuses with suspected IUGR and possibly other disorders of 
uteroplacental blood flow.2 A detailed description of the under
lying principles and use of Doppler ultrasound for fetal assess
ment of IUGR is available in Chapter 33. For the purposes of 
this chapter on antenatal fetal assessment, Doppler interrogation 
of fetal vascular flow and resistance can be conceptualized as a 
follow-up test to determine fetal reserve in cases of suspected 
IUGR and not as a primary method of antenatal fetal surveil
lance for either high- or low-risk pregnancies.

Perhaps ironically, however, Doppler ultrasound has been 
more stringently evaluated in randomized trials than other ante
natal testing methods, as has been summarized in an editorial 
by Divon and Ferber. The most recent summary of the available 
evidence comes from a 2013 Cochrane review of 18 randomized 
trials that included more than 10,000 high-risk women, in 
which the use of Doppler ultrasound was associated with 
decreased perinatal deaths (RR, 0.71; 95% C l, 0.52-0.98) and 
significantly fewer inductions of labor and cesarean deliveries. 
Studies of low-risk pregnancies have not shown a benefit from 
the use of Doppler ultrasound, as has been most recently 
described in a 2010 systematic review of five studies that included 
more than 14,000 women.

C L IN IC A L  A P P L IC A T IO N  O F T E S T S  
O F F E T A L  W E L L -B E IN G
Our ability to detect and prevent impending fetal death or 
injury depends not only on the predictive value o f the tests 
used and the population selected for testing but also on our 
ability to respond to abnormal test results. To have an impact 
on testing outcomes and the overall fetal death rate, we must 
consider available strategies to deal with abnormal test results. 
These strategies would ideally include a series of antenatal evalu
ations and interventions short of premature delivery, with pre
mature delivery ultimately reserved for cases when it is ascertained
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238 Section II Prenatal Care

FIG 11-19 Flow chart for antepartum fetal surveillance in which the 
nonstress test (NST) and amniotic fluid index (AFI) are used as the 
primary methods forfetal evaluation. A nonreactive NST and decreased 
AFI are further evaluated using either the contraction stress test (CST) 
or the biophysical profile (BPP). Further details regarding the use of 
the BPP are provided in Table 11-6. * lf the fetus is mature and amni
otic fluid volume is reduced, delivery should be considered before 
further testing is undertaken. (Modified from Finberg HJ, Kurtz AB, 
Johnson RL, et al. The biophysical profile: a literature review and 
reassessment of its usefulness in the evaluation of fetal well-being. 
J Ultrasound Med. 1990:9:583.)

that intrauterine injury or death can no longer be delayed or 
prevented. Figure 11-19 presents a practical testing scheme that 
has been used successfully by several centers.88 This strategy 
would include using combinations of antepartum tests in an 
organized sequence to evaluate the fetus further; administration 
of antenatal steroids; potentially modified maternal activity 
level; and correction of maternal metabolic, cardiopulmonary, 
or other medical disorders. In some cases, fetal therapy may be 
indicated, such as intrauterine transfusion for anemia, removal 
of fluid from body cavities, diagnostic procedures, and direct 
administration of medication to the fetus.

Testing can be initiated at early gestational ages in high-risk 
pregnancies (25-26 weeks) to identify the fetus at risk. Maternal 
and fetal interventions can then be considered. Obviously, 
safe prolongation of intrauterine life is the primary goal, and 
better understanding of the pathophysiology of the premature 
fetus and the use of combinations of tests will allow this to be 
accomplished.

The question of routine antepartum fetal surveillance must be 
carefully examined. Antepartum fetal testing can more accu
rately predict fetal outcome than antenatal risk assessment using 
an established scoring system. Patients judged to be at high risk 
based on known medical factors but whose fetuses demonstrate

normal antepartum fetal evaluation have a lower PM R than 
patients considered at low risk whose fetuses have abnormal 
antepartum testing results. Routine antepartum fetal evaluation 
would be necessary to detect the considerable proportion of 
fetuses destined for fetal death or in jury with no identifiable risk 
factors. It would therefore seem reasonable to consider extending 
some form of antepartum fetal surveillance to all obstetric 
patients, such as maternal assessment of fetal activity as described 
previously.

The question is how best to combine antenatal tests in clinical 
practice and in which patients. The approach to prescribing 
testing modalities must take into account gestational age, 
medical comorbidities, and sociodemographic risk factors
described in this chapter in order to prevent fetal in jury or death 
without causing iatrogenic prematurity or an excess of testing 
and worry. According to a summary by Fretts and Duru23 in 
2008, “The best opportunity for stillbirth reduction is to identify 
patients who have an increased risk of stillbirth late in preg
nancy, where the downside of antepartum testing and early 
delivery, if  warranted, can be minimized.”

The condition to specific use of antenatal testing may be 
illustrated by the following examples. In a prolonged pregnancy, 
a parallel testing scheme would be used. In this situation, the 
obstetrician is not concerned with fetal m aturity but rather with 
fetal well-being. Several tests are performed at the same time, 
such as antepartum fetal heart rate testing and the BPP. It is 
acceptable in this high-risk situation to intervene when a single 
test is abnormal. It seems prudent to accept a false-positive test 
result to avoid the intrauterine death of a mature and otherwise 
healthy fetus. In most other high-risk pregnancies, such as those 
complicated by diabetes mellitus or hypertension, it is preferable 
to allow the fetus to remain in utero as long as possible. In these 
situations, a branched testing scheme is used to decrease the 
likelihood of unnecessary premature intervention, the obstetri
cian uses a series of tests and, under most circumstances, would 
only deliver a premature infant when all parameters suggest fetal 
compromise. In this situation, the physician must consider the 
likelihood of neonatal respiratory distress syndrome (RDS) and 
review these risks with colleagues in neonatology.

The comparable performance of the various available antena
tal tests, along with their utility in series, has been illustrated by 
numerous investigators (see Table 11-2). Maternal assessment of 
fetal activity would appear to be a reasonable first-line screening 
test for both high- and low-risk patients. The use of this approach 
may decrease the number of unexpected intrauterine deaths in 
so-called normal pregnancies. The NST and mBPP remain the 
primary methods used for antepartum fetal evaluation in high- 
risk patients at most centers, with full BPP and CST to assess 
fetal condition in patients who exhibit a persistently nonreactive 
NST or abnormal mBPP. This sequential approach may be par
ticularly valuable in avoiding unnecessary premature interven
tion. The NST and mBPP can be quickly performed in an 
outpatient setting and are easily interpreted. In contrast, the 
CST is usually performed near the labor and delivery suite, it 
may require an intravenous infusion of oxytocin and may be 
more difficult to interpret. However, the ability of the CST to 
stress the fetus and evaluate its response to intermittent inter
ruptions in intervillous blood flow may provide an earlier 
warning of fetal compromise than the NST or mBPP.

The frequency with which to use specific tests will depend 
on a number o f features, including the predictive value o f the 
test and the underlying condition prompting the test. Most
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tests described previously have relatively reliable risk profiles over 
the course of a week when normal, with decreased intervals 
between tests recommended for abnormal results. Regarding the 
underlying condition contributing to risk for adverse outcomes, 
consideration must be given to whether that condition is stable, 
worsening, or improving. The gestational age at which to initiate 
testing has not been clearly defined for most high-risk condi
tions. Initiating testing at 32 to 34 weeks o f gestation has 
historically been prescribed for most high-risk pregnancies, 
with earlier testing recommended for cases with multiple 
comorbidities or particularly worrisome features.

In considering the pros and cons of testing in the preterm 
period, it is worthwhile to return to the question of potential 
harms of testing, from increases in preterm birth and cesarean 
delivery rates to maternal anxiety and financial costs. Although 
no evidence exists of improved outcomes from any one testing 
strategy, as a counterpoint some authors have begun to study 
whether the implementation of testing increases the chances of 
induction of labor or cesarean delivery rates. In addition, it is 
reasonable to question whether a program of antenatal testing 
contributes to maternal anxiety or other indirect costs that 
are difficult to quantify. Kafali and colleagues56 demonstrated 
increased maternal anxiety scores after an NST session and a 
decrease in anxiety scores in women randomized to administra
tion of music during the NST. Taking patient-specific risk 
factors, and perhaps maternal preferences, into account when 
considering an individualized testing plan is most likely to con
tribute to optimal outcomes.

On behalf of the Eunice Kennedy Shriver National Institute 
of Child Health and Human Development Workshop, Signore 
and coworkers2 have proposed a series of guidelines for condition- 
specific antenatal testing based on the available evidence (Table
11-6). In their 2009 publication, they stress that “the basis for 
antepartum testing relies on the premise that the fetus whose

oxygenation in utero is challenged will respond with a series 
o f detectable physiologic adaptive or decompensatory signs 
as hypoxemia or frank metabolic academia develop,” hence 
the recommendation for the use of antenatal tests in series to 
follow the changes in observable measures of fetal response to a 
suboptimal intrauterine environment. Although this proposed 
strategy is certainly not comprehensive, it is hoped that future 
research into specific testing strategies stratified by risk category 
w ill enhance our ability to prescribe these tests effectively and 
safely.

E vid en ce for C o n d itio n -S p e cific  Testin g
For most of the conditions identified as constituting an increased 
risk for fetal death, insufficient studies exist to permit an 
evidence-based recommendation for a particular testing scheme. 
In addition to this limitation, condition-specific testing is prob
lematic as a general strategy for prevention of fetal death, given 
the many fetal deaths that occur in pregnancies otherwise cat
egorized as low risk or without identifiable risk factors.2 However, 
it is incumbent on care providers to consider all conditions 
associated with an increased risk for fetal death or other adverse 
outcomes as a potential indication for some form of antenatal 
surveillance2,32 and to individualize antenatal testing plans based 
on specific underlying conditions. This strategy is outlined in an 
excellent summary by Kontopoulos and Vintzileos," in which 
they explore several pathophysiologic mechanisms as potentially 
distinct etiologies for risk of fetal death in different populations. 
The authors acknowledge that no ideal single test or testing 
strategy exists for all high-risk pregnancies but that clinician 
judgment and logic, as well as evidence from observational 
trials, should guide testing strategies for each patient.

Difficulty in generating evidence-based recommendations 
for condition-specific testing schemes in cases of identified 
risk factors can be illustrated by considering the example of

TABLE 11-6 PROPOSED INITIAL TESTING STRATEGY BY SELECTED ANTENATAL CONDITION

RISK FACTOR TEST FREQUENCY START

All pregnancies FMC Daily 24-28 wk
Low-risk pregnancies FMC Daily 24-28 wk
Insulin-treated diabetes:

Uncomplicated pregestational or gestational mBPP Twice weekly 32 wk
With hypertension, renal disease, or IUGR As above, plus consider CST Weekly 26-28 wk

Hypertensive disorders:
Uncomplicated mBPP Twice weekly 32 wk
With comorbidities mBPP Twice weekly 26-28 wk

IUGR mBPP/Doppler Once or twice weekly At diagnosis
Multiple gestation:

Twins
Concordant growth mBPP Weekly 32 wk
Discordant growth or AFV mBPP Twice weekly At diagnosis
Triplets or greater mBPP Twice weekly 28 wk

Oligohydramnios mBPP Twice weekly At diagnosis
Intrahepatic cholestasis mBPP Weekly 34 wk
Renal disease mBPP Weekly 30-32 wk
Decreased fetal movement mBPP PRN At diagnosis
Previous fetal death mBPP Once or twice weekly 32-34 wk or 1 wk before previous fetal death

Alternative: BPP or CST Weekly
Postterm pregnancy mBPP Once or twice weekly >41 wk
SLE mBPP Weekly 26 wk
Renal disease mBPP Once or twice weekly 30-32 wk
Intrahepatic cholestasis mBPP Weekly 34 wk

Modified from Signore C, Freeman RK, Spong CY. Antenatal testing: a reevaluation. Executive Summary of a Eunice Kennedy Shriver National Institute of Child Health and Human 
Development Workshop. Obstet G ynecol 2009;113:687-701.
AFV, amniotic fluid volume; BPP, biophysical profile; CST, contraction stress test; FMC, fetal movement counting; IUGR, intrauterine growth restriction; mBPP, modified biophysical 
profile; PRN, p ro  re nata  (as needed); SLE, systemic lupus erythematosus.
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hypertensive disorders. Well-designed prospective trials that 
provide evidence for any specific testing strategy are not available 
despite the very frequent use of a variety of antenatal testing 
schemes used in clinical practice for hypertensive disorders. 
The heterogeneity of pathophysiologic mechanisms at play in 
the general category of hypertensive disorders contributes to the 
difficulty in generating specific recommendations. Freeman37 
summarized the situation in a 2008 review and noted that 
despite previous testing guidelines that recommended a wider 
application of antenatal testing in women with varying degrees 
of hypertension, the most recent expert recommendations do 
not support antepartum fetal testing for mild to moderate blood 
pressure abnormalities, nor do they support it in the absence 
of preeclampsia or IUGR. However, for many practitioners, the 
evidence that all forms of chronic hypertension constitute an 
increased risk for fetal death and adverse outcomes prompts 
broad use of testing modalities for these patients.

Another challenge in the implementation of condition- 
specific testing may lie in the appreciation and acknowledgment 
of individual patient characteristics as risk factors for fetal death, 
in particular certain demographic risk factors without clear 
pathophysiologic links. For example, the condition of advanced 
maternal age has garnered a great deal of investigation into 
associations with fetal death and other adverse pregnancy out
comes and related management strategies. However, the same 
cannot be said for other demographic risk factors such as obesity 
and black race, which have equal or greater relative risks of fetal 
death yet are arguably less accepted in the community as being 
risks for adverse outcomes.

A S S E S S M E N T  O F F E T A L  
P U L M O N A R Y  M A T U R A T IO N
This section reviews those techniques that enable the obstetrician 
to predict the risks of RDS for the infant who requires premature 
delivery. The risk of iatrogenic prematurity for the neonate 
balanced against the risk of continued antepartum assessment 
of the potentially compromised fetus determines ultimate man
agement strategies. As one marker of fetal maturity that can be 
assessed antenatally, incorporation of the discussion of fetal pul
monary maturity assessment with that of antepartum assessment 
is critical.

RDS is caused by a deficiency of pulmonary surfactant, an 
antiatelectasis factor that is able to maintain a low stable surface 
tension at the air-water interface within alveoli. Surfactant 
decreases the pressure needed to distend the lung and prevents 
alveolar collapse (see Chapter 22). The type 2 alveolar cell is the 
major site of surfactant synthesis. Surfactant is packaged in 
lamellar bodies, discharged into the alveoli, and carried into the 
amniotic cavity with pulmonary fluid.

Phospholipids account for more than 80% of the surface 
to active material within the lung, and more than 50% of 
this phospholipid is dipalmitoyl lecithin. The latter is a deriva
tive of glycerol phosphate and contains two fatty acids and the 
nitrogenous base choline. Other phospholipids contained in 
the surfactant complex include phosphatidylglycerol (PG), 
phosphatidylinositol, phosphatidylserine, phosphatidylethanol- 
amine, sphingomyelin, and lysolecithin. PG is the second most 
abundant lipid in surfactant and significantly improves its 
properties.

Important differences in neonatal adaptation, including 
development of RDS, have been demonstrated not only between

preterm and term neonates but also with each advancing gesta
tional week from 37 to 39 weeks. This places even more respon
sibility on the physician to judiciously assess indications for 
and timing of delivery before 39 weeks. In weighing the risks 
and benefits of effecting delivery as a result of antenatal testing 
results before 39 weeks, assessment of fetal pulmonary maturity 
may in some cases be indicated. At the same time, it is important 
to recognize that many perinatal processes contribute to the 
prognosis for neonatal respiratory function, including surfac
tant deficiency, immaturity, and intrapartum complications—  
all prime factors in determining the pathogenesis of RDS that 
may not be predicted by fetal pulmonary maturity testing.

T e sts  of Fetal P u lm o n ary M aturity
Available methods for evaluating fetal pulmonary m aturity rely 
generally on either presence or quantitation of components of 
pulmonary surfactant or measurement of surfactant function. 
The former category has become the most common and reliable 
in current practice, although no data show that one method is 
preferable to the others with regard to prediction of pulmonary 
maturity. In general, a test that is positive for fetal pulmonary 
maturity will much more accurately predict the absence of 
RDS than a negative test will predict the presence o f RDS.

W ith the exception of amniotic fluid specimens obtained 
from the vaginal pool, the evaluation of fetal pulmonary matura
tion requires that a sample of amniotic fluid be obtained by 
amniocentesis. This is generally a low-risk procedure with few 
potential adverse outcomes, including unsuccessful amniocente
sis (1.6%-4.4%) and complications that require same-day deliv
ery (0.7%-3.3%).

Q uan titatio n  of P u lm o n ary S u rfactan t
Methods of quantifying pulmonary surfactant include the 
ledthin/sphingomyelin (L/S) ratio, presence of PG, visual 
inspection of fluid, and surfactant/albumin ratio.

The L/S ratio was the first reliable assay for the assessment of 
fetal pulmonary maturity. The amniotic fluid concentration of 
lecithin increases markedly at about 35 weeks’ gestation, whereas 
sphingomyelin levels remain stable or decrease. Amniotic fluid 
sphingomyelin exceeds lecithin until 31 to 32 weeks, when the 
L/S ratio reaches 1. Lecithin then rises rapidly, and an L/S ratio 
of 2 is observed at about 35 weeks. W ide variation in the L/S 
ratio at each gestational age has been noted. Nevertheless, a ratio 
of 2 or greater has repeatedly been associated with pulmonary 
maturity. Note that the presence of blood or meconium in the 
amniotic fluid sample can cause erroneous results.

PG, which does not appear until 35 weeks’ gestation and 
increases rapidly between 37 and 40 weeks, is a marker of com
pleted pulmonary maturation. A rapid immunologic semiquan- 
titative agglutination test (AmnioStat-FLM; Irvine Scientific, 
Santa Ana, CA) can be used to determine the presence of 
PG within 30 min and requires only 1.5 mL of amniotic fluid. 
Presence of blood and meconium do not interfere with PG 
assessment.

Visual inspection of amniotic fluid can give some information 
about the presence of pulmonary surfactant components. During 
the first and second trimesters, amniotic fluid is yellow and clear. 
It becomes colorless in the third trimester. By 33 to 34 weeks’ 
gestation, cloudiness and flocculation are noted, and as term 
approaches, vernix appears. Amniotic fluid with obvious vernix 
or fluid so turbid it does not permit the reading of newsprint 
through it w ill usually have a mature L/S ratio.
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The ratio o f the surfactant-albumin in amniotic fluid was 
previously a popular test run on an automated fluorescence 
polarimeter that was easy to use, low in cost, and had high 
reproducibility. Currently the device is not commercially 
available for use, although newer platforms may be in 
development.

Measurements of Surfactant Function
Lamellar bodies are the storage form of surfactant released by 
fetal type 2 pneumocytes into the amniotic fluid. A lamellar 
body count requires less than 1 mL of amniotic fluid and takes 
only 15 minutes to perform using a commercial cell counter. A 
count greater than 30,000 to 55,000/pL is highly predictive of 
pulmonary maturity, whereas a count below 10,000/p.L suggests 
a significant risk for RDS. Neither meconium nor blood has a 
significant effect on the lamellar body count. The ease and rela
tively low cost of this test have contributed to its popularity, 
although poor concordance among various instruments for the 
assay of lamellar body counts has been noted.

Determination of Fetal Pulmonary 
Maturation in Clinical Practice
As data have been assimilated in recent years related to lung 
maturity assessment and its role in high-risk pregnancy manage
ment, new important paradigms are emerging. Traditionally, 
lung m aturity tests have been interpreted in categorical fashion, 
usually as either “positive,” indicating lung m aturity and a low 
risk for RDS, or “negative,” indicating the absence of maturity 
and a higher risk for RDS. However, the presence of RDS in 
neonates is associated with both gestational age and lung matu
rity assessments. As further information has been gathered, it is 
now possible to stratify risk for RDS based on both gestational 
age and lung m aturity assessment. This represents a more appro
priate use of the lung maturity tests. In assessing the risk for 
RDS complicating subsequent delivery, results from fetal 
lung maturity testing are most appropriately correlated with 
the gestational age at the time o f fluid retrieval.

An even more recent paradigm shift that has taken place over 
the last several years has seen a decrease in the frequency with 
which fetal lung m aturity testing is recommended and used. 
Both ACOG and the NICHD32 100 have endorsed increased 
stringency of indications for late preterm and early term births, 
which if  followed stand to decrease the opportunities for clinical 
uncertainty around need for delivery and thus decrease the need 
for fetal lung m aturity testing. As noted in the 2011 NICHD 
publication on this topic, “If significant maternal or fetal risk 
exists, delivery should occur regardless of biochemical maturity, 
and if  delivery could be deferred owing to the absence of pul
monary maturity, there is not a stringent indication for prompt 
delivery. Additionally, it is recognized that a mature fetal lung 
profile denoting the presence of pulmonary surfactant does not 
necessarily translate to m aturity of other organ systems.”100

SUMMARY

We must be aware of our limited understanding of the 
pathophysiology of fetal death and injury in many situa
tions, and we must attempt judicious use of antenatal 
testing measures with the hope of preventing some adverse 
outcomes and with the goal of doing no harm. Although

we assume that by testing and intervening with delivery 
for abnormal test results we are contributing to a good 
outcome, as Scifres and Macones48 stated in their 2008 
review of costs and benefits of antenatal testing, “In the 
absence of data we cannot be assured that our interven
tions, even if  they prevent stillbirth, may not involve a 
tradeoff between long-term neurologic dysfunction and 
fetal death.” Additionally, aside from potential unknown 
medical sequelae of antenatal testing and interventions, 
monetary, time, and psychological costs must also be con
sidered, but these are difficult to quantify in both research 
settings and in practice.

As clinicians aim to implement evidence-based strategies 
to screen for and prevent fetal injury and death, the lim ita
tions of existing research must be considered. Because it is 
in many ways impractical and perhaps unethical to carry 
out placebo-controlled trials of antenatal testing method
ologies in high-risk pregnancies, we must acknowledge that 
this type of rigorous evidence is not likely to be imminently 
forthcoming.2 Nevertheless, we propose that biologic plau
sibility and clinician judgment prevail over therapeutic 
nihilism in clinical practice and that future research efforts 
embrace a creative approach to both condition-specific and 
apparently unpredictable fetal death and injury.

KEY POINTS

♦ Although the PMR has fallen steadily in the United 
States since 1965, the number of fetal deaths has not 
changed substantially in the past decade.

♦ Perinatal events play an important role in infant mortal
ity and long-term disability of survivors in addition to 
their contribution to fetal death.

♦ At least 20% of fetal deaths have no obvious fetal, pla
cental, maternal, or obstetric etiology, and this percent
age increases with advancing gestational age.

♦ The prevalence of an abnormal condition (i.e., fetal 
death) has great impact on the predictive value of ante
partum fetal tests.

♦ Few of the antepartum tests commonly used in clinical 
practice today have been subjected to large-scale pro
spective and randomized evaluations that can speak to 
the true efficacy of testing.

♦ Fetal adaptation to hypoxemia is mediated by changes 
in heart rate and redistribution of cardiac output.

♦ The decrease in fetal movement with hypoxemia makes 
maternal assessment of fetal activity a potentially simple 
and widely applicable method of monitoring fetal well
being. However, prospective trials of this method for 
prevention of perinatal mortality have failed to conclu
sively show benefit.

♦ The CST has a low false-negative rate but a high false- 
positive rate and is cumbersome to perform and thus is 
used less frequently in common practice than other 
testing modalities.

♦ The observation that accelerations of the fetal heart rate 
in response to fetal activity, uterine contractions, 
or stimulation reflect fetal well-being is the basis for 
the NST.
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♦ Use of VAS for a nonreactive NST or equivocal BPP 
does not increase the false-negative rate and may reduce 
the likelihood of unnecessary obstetric intervention.

♦ The NST has a low false-negative rate, although higher 
than that of CST, and a high false-positive rate.

♦ Fetal biophysical activities can be evaluated with real
time ultrasonography by BPP, and those fetal biophysi
cal activities that are present earliest in fetal development 
are the last to disappear with fetal hypoxia.

♦ The mBPP performs comparably to the full BPP. Both 
modalities have a false-negative rate, or rate of fetal 
death within 1 week of a normal test, of 0.8 per 1000.

♦ Most amniotic fluid tests of fetal pulmonary maturation 
accurately predict pulmonary maturity, but results 
should be taken in context with anticipated total neo
natal maturity as indicated by gestational age.

♦ Condition-specific testing involves modifying the fre
quency, type, and initiation of antenatal tests according 
to maternal high-risk conditions.

♦ Both costs and benefits should be considered when 
using a particular testing strategy, taking into account 
competing risks of fetal death and postnatal morbidity.
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OVERVIEW
The initiation of normal labor at term requires endocrine, para
crine, and autocrine signaling between the fetus, uterus, pla
centa, and the mother. Although the exact trigger for human 
labor at term remains unknown, it is believed to involve conver
sion of fetal dehydroepiandrosterone sulfate (DHEAS) to estriol

and estradiol by the placenta. These hormones upregulate tran
scription of progesterone, progesterone receptors, oxytocin 
receptors, and gap junction proteins within the uterus, which 
helps to facilitate regular uterine contractions. The latent phase 
of labor is characterized by a slower rate of cervical dilation, 
whereas the active phase of labor is characterized by a faster rate 
of cervical dilation and does not begin for most women until 
the cervix is dilated 6 cm. The duration of the second stage of 
labor can be affected by a number of factors including epidural 
use, fetal position, fetal weight, ethnicity, and parity. This chapter 
will review the characteristics and physiology of normal labor at 
term. Factors that affect the average duration of the first and 
second stage of labor progress w ill be reviewed, and an evidence- 
based evaluation of strategies to support the mother during labor 
and facilitate safe delivery of the fetus w ill be presented.

LABOR: DEFINITION AND PHYSIOLOGY
Labor is defined as the process by which the fetus is expelled 
from the uterus. More specifically, labor requires regular, 
effective contractions that lead to dilation and effacement of 
the cervix. This chapter describes the physiology and normal 
characteristics of term labor and delivery.

The physiology of labor initiation has not been completely 
elucidated, but the putative mechanisms have been well reviewed 
by Liao and colleagues.1 Labor initiation is species specific, and 
the mechanisms of human labor are unique. The four phases 
of labor from quiescence to involution are outlined in Figure 
12-1.2 The first phase is quiescence, which represents that time 
in utero before labor begins, when uterine activity is suppressed 
by the action of progesterone, prostacyclin, relaxin, nitric oxide, 
parathyroid hormone-related peptide, and possibly other hor
mones. During the activation phase, estrogen begins to facili
tate expression of myometrial receptors for prostaglandins (PGs) 
and oxytocin, which results in ion channel activation and 
increased gap junctions. This increase in the gap junctions 
between myometrial cells facilitates effective contractions.3 In
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FIG 12-1 Regulation of uterine activity during pregnancy and labor. (Modified from Challis JRG, Gibb W. Control of parturition. Prenat Neonat 
Med. 1996;1:283.)

essence, the activation phase readies the uterus for the subse
quent stimulation phase, when uterotonics— particularly PGs 
and oxytocin— stimulate regular contractions. In the human, 
this process at term may be protracted, occurring over days to 
weeks. The final phase, uterine involution, occurs after delivery 
and is mediated primarily by oxytocin. The first three phases 
of labor require endocrine, paracrine, and autocrine interaction 
between the fetus, membranes, placenta, and mother.

The fetus has a central role in the initiation o f term labor 
in nonhuman mammals; in humans, the fetal role is not 
completely understood (Fig. 12-2).2 5 In sheep, term labor is 
initiated through activation of the fetal hypothalamic-pituitary- 
adrenal (HPA) axis, with a resultant increase in fetal adrenocor
ticotropic hormone (ACTH) and cortisol.4'5 Fetal cortisol 
increases production of estradiol and decreases production of 
progesterone by a shift in placental metabolism of cortisol 
dependent on placental 17cx-hydroxylase. The change in the 
circulating progesterone/estradiol concentration stimulates pla
cental production of oxytocin and PG, particularly PGF2(X, 
which in turn promotes myometrial contractility.4 If this increase 
in fetal ACTH and cortisol is blocked, progesterone levels 
remain unchanged, and parturition is delayed.5 In contrast, 
humans lack placental 170C-hydroxylase, maternal and fetal 
levels of progesterone remain elevated, and no trigger exists 
for parturition because of an increase in fetal cortisol near 
term. Rather, in humans, evidence suggests that placental pro
duction o f corticotropin-releasing hormone (CRH) near 
term activates the fetal hypothalamic-pituitary axis and 
results in increased production o f dehydroepiandrostenedi- 
one by the fetal adrenal gland.' Fetal dehydroepiandrostenedi- 
one is converted in the placenta to estradiol and estriol. 
Placenta-derived estriol potentiates uterine activity by enhanc
ing the transcription of maternal (likely decidual) PGF2a, PG 
receptors, oxytocin receptors, and gap-junction proteins.6'8 In

humans, no documented decrease in progesterone has been 
observed near term, and a fall in progesterone is not neces
sary for labor initiation. However, some research suggests the 
possibility of a functional progesterone withdrawal in humans. 
Labor is accompanied by a decrease in the concentration of 
progesterone receptors and a change in the ratio of progesterone 
receptor isoforms A and B in both the myometrium911 and the 
membranes.12 During labor, increased expression of nuclear 
and membrane progesterone receptor isoforms serve to enhance 
genomic expression of contraction-associated proteins, increase 
intracellular calcium, and decrease cyclic adenosine monophos
phate (cAMP).13 More research is needed to elucidate the precise 
mechanism through which the human parturition cascade is 
activated. Fetal maturation might play an important role as 
might maternal cues that affect circadian cycling. Most species 
have distinct diurnal patterns of contractions and delivery, and 
in humans, the majority of contractions occur at night.2,14

Oxytocin is commonly used for labor induction and augmen
tation, and a full understanding of the mechanism of oxytocin 
action is important. Oxytocin is a peptide hormone synthe
sized in the hypothalamus and released from the posterior 
pituitary in a pulsatile fashion. At term, oxytocin serves as a 
potent uterotonic agent capable o f stimulating uterine con
tractions at intravenous (IV) infusion rates o f 1 to 2 mlU/ 
min.11 Oxytocin is inactivated largely in the liver and kidney, 
and during pregnancy, it is degraded primarily by placental 
oxytocinase. Its biologic half-life is approximately 3 to
4 minutes, but it appears to be shorter when higher doses are 
infused. Concentrations of oxytocin in the maternal circulation 
do not change significantly during pregnancy or before the onset 
of labor, but they do rise late in the second stage of labor.15'16 
Studies of fetal pituitary oxytocin production and the umbilical 
arteriovenous differences in plasma oxytocin strongly suggest 
that the fetus secretes oxytocin that reaches the maternal side of
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the placenta.'5,1 The calculated rate o f active oxytocin secre
tion from the fetus increases from a baseline o f 1 mlU/min 
before labor to around 3 mlU/min after spontaneous labor.

Significant differences in myometrial oxytocin receptor distri
bution have been reported, with large numbers of fundal recep
tors and fewer receptors in the lower uterine segment and 
cervix.18 Myometrial oxytocin receptors increase on average by 
100- to 200-fold during pregnancy and reach a maximum 
during early labor.15,16,19,20 This rise in receptor concentration is 
paralleled by an increase in uterine sensitivity to circulating 
oxytocin. Specific high-affinity oxytocin receptors have also been 
isolated from human amnion and decidua parietalis but not 
decidua vera.15'18 It has been suggested that oxytocin plays a 
dual role in parturition. First, through its receptor, oxytocin 
direcdy stimulates uterine contractions. Second, oxytocin 
may act indirectly by stimulating the amnion and decidua to 
produce PG.18,21'23 Indeed, even when uterine contractions 
are adequate, induction o f labor at term is successful only 
when oxytocin infusion is associated with an increase in PGF 
production.18

Oxytocin binding to its receptor activates phospholipase C .24 
In turn, phospholipase C increases intracellular calcium both by 
stimulating the release of intracellular calcium and by promoting 
the influx of extracellular calcium. Oxytocin stimulation of 
phospholipase C  can be inhibited by increased levels of cAMP.24 
Increased calcium levels stimulate the calmodulin-mediated acti
vation of myosin light-chain kinase. Oxytocin may also stimu
late uterine contractions via a calcium-independent pathway 
by inhibiting myosin phosphatase, which in turn increases 
myosin phosphorylation. These pathways (of PGF2a and intra
cellular calcium) have been the target o f multiple tocolytic 
agents: indomethacin, calcium channel blockers, (3-mimetics 
(through stimulation o f cAMP), and magnesium.

MECHANICS OF LABOR
Labor and delivery are not passive processes in which uterine 
contractions push a rigid object through a fixed aperture. 
The ability o f the fetus to successfully negotiate the pelvis 
during labor and delivery depends on the complex interac
tions o f three variables: uterine activity, the fetus, and the 
maternal pelvis. This complex relationship has been simpli
fied in the mnemonic powers, passenger, passage.

Uterine Activity (Powers)
The powers refer to the forces generated by the uterine mus
culature. Uterine activity is characterized by the frequency, 
amplitude (intensity), and duration o f contractions. Assess
ment of uterine activity may include simple observation, manual 
palpation, external objective assessment techniques (such as 
external tocodynamometry), and direct measurement via an 
intrauterine pressure catheter (IUPC). External tocodynamom
etry measures the change in shape of the abdominal wall as a 
function of uterine contractions and, as such, is qualitative 
rather than quantitative. Although it permits graphic display of 
uterine activity and allows for accurate correlation of fetal heart 
rate (FHR) patterns with uterine activity, external tocodyna
mometry does not allow measurement of contraction intensity 
or basal intrauterine tone. The most precise method for deter
mination o f uterine activity is the direct measurement o f 
intrauterine pressure with an IUPC. However, this procedure 
should not be performed unless indicated given the small but

finite associated risks of uterine perforation, placental disrup
tion, and intrauterine infection.

Despite technologic improvements, the definition of “ade
quate” uterine activity during labor remains unclear. Classi
cally, three to five contractions in 10 minutes has been used 
to define adequate labor; this pattern has been observed in 
approximately 95%  o f women in spontaneous labor. In labor, 
patients usually contract every 2 to 5 minutes, with contractions 
becoming as frequent as every 2 to 3 minutes in late active labor 
and during the second stage. Abnormal uterine activity can also 
be observed either spontaneously or as a result of iatrogenic 
interventions. Tachysystole is defined as more than five con
tractions in 10 minutes averaged over 30 minutes. If tachy- 
sytole occurs, documentation should note the presence or 
absence o f FHR decelerations. Ihe term hyper stimulation 
should no longer be used. 3

Various units of measure have been devised to objectively 
quantify uterine activity the most common of which is the 
Montevideo unit (MVU), a measure of average frequency and 
amplitude above basal tone (the average strength of contractions 
in millimeters of mercury multiplied by the number of contrac
tions per 10 min). Although 150 to 350 MVU has been 
described for adequate labor, 200 to 250 MVU is commonly 
accepted to define adequate labor in the active phase.26,27 No 
data identify adequate forces during latent labor. Although it is 
generally believed that optimal uterine contractions are associ
ated with an increased likelihood of vaginal delivery, data are 
limited to support this assumption. If uterine contractions are 
“adequate” to effect vaginal delivery, one o f two things will 
happen: either the cervix will efface and dilate, and the fetal 
head will descend, or caput succedaneum (scalp edema) and 
molding o f the fetal head (overlapping o f the skull bones) 
will worsen without cervical effacement and dilation. The 
latter situation suggests the presence o f cephalopelvic dispro
portion (CPD), which can be either absolute, in which the fetus 
is simply too large to negotiate the pelvis, or relative, in which 
delivery of the fetus through the pelvis would be possible under 
optimal conditions but is precluded by malposition or abnormal 
attitude of the fetal head.

Fetus (Passenger)
The passenger, of course, is the fetus. Several fetal variables influ
ence the course of labor and delivery. Fetal size can be estimated 
clinically by abdominal palpation or ultrasound or by asking a 
multiparous patient about her best estimate, but all of these 
methods are subject to a large degree of error. Fetal macrosomia 
is defined by the American College o f Obstetricians and 
Gynecologists (ACOG) as birthweight greater than or equal 
to the 90th percentile for a given gestational age or greater 
than 4500 g for any gestational age,’8 and it is associated with 
an increased likelihood of planned cesarean delivery, labor dys
tocia, cesarean delivery after a failed trial of labor, shoulder 
dystocia, and birth trauma.21 Fetal lie refers to the longitudinal 
axis o f the fetus relative to the longitudinal axis o f the uterus. 
Fetal lie can be longitudinal, transverse, or oblique (Fig. 12-3). 
In a singleton pregnancy, only fetuses in a longitudinal lie can 
be safely delivered vaginally.

Presentation refers to the fetal part that directly overlies 
the pelvic inlet. In a fetus presenting in the longitudinal lie, the 
presentation can be cephalic (vertex) or breech. Compound pre
sentation refers to the presence of more than one fetal part overly
ing the pelvic inlet, such as a fetal hand and the vertex. Funic
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presentation refers to presentation of the umbilical cord and is 
rare at term. In a cephalic fetus, the presentation is classified 
according to the leading bony landmark of the skull, which can 
be either the occiput (vertex), the chin (mentum), or the brow 
(Fig. 12-4). M alpresen tation , a term that refers to any presenta
tion other than vertex, is seen in approximately 5% of all term 
labors (see Chapter 17).

A ttitude refers to the position o f the head with regard 
to the fetal spine (the degree o f flexion and/or extension of 
the fetal head). Flexion of the head is important to facilitate 
en ga gem en t  of the head in the maternal pelvis. W hen the fetal 
chin is optimally flexed onto the chest, the suboccipitobreg- 
matic diameter (9.5 cm) presents at the pelvic inlet (Fig. 12-5). 
This is the smallest possible presenting diameter in the cephalic 
presentation. As the head deflexes (extends), the diameter pre
senting to the pelvic inlet progressively increases even before the 
malpresentations of brow and face are encountered (see Fig.
12-5) and may contribute to failure to progress in labor. The

FIG 12-5 Presenting diameters of the average term fetal skull.

Submentobregmatic (face)

Verticomental (brow)

Occipitofrontal 
(vertex, military)

Suboccipitobregmatic 
(vertex, flexed)

MENTUM (CHIN)

Glabella 
Nasion -

Anterior fontanelle 

Posterior fontanelle

Coronal suture Sagittal suture 
Posterior fontanelle

Lambdoidal suture

Parietal boss

Anterior fontanelle 
(bregma)

Frontal suture

FIG 12-4 Landmarks of fetal skull for determination of fetal position.
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ROA ROT ROP

FIG 12-6 Fetal presentations and positions in labor. LOA, left occiput anterior; LOP, left occiput posterior; LOT, left occiput transverse; ROA, 
right occiput anterior; ROT, right occiput transverse; ROP, right occiput posterior. (Modified from Norwitz ER, Robinson J, Repke JT. The initia
tion and management of labor. In Seifer DB, Samuels P, Kniss DA, eds. The Physiologic Basis o f Gynecology and Obstetrics. Philadelphia: 
Lippincott, Williams & Wilkins; 2001.)

architecture of the pelvic floor along with increased uterine 
activity may correct deflexion in the early stages of labor.

Position  o f the fetus refers to the relationship o f the fetal 
presenting part to the maternal pelvis, and it can be assessed 
most accurately on vaginal examination. For cephalic presenta
tions, the fetal occiput is the reference: if  the occiput is directly 
anterior, the position is occiput anterior (OA); if  the occiput is 
turned toward the mother’s right side, the position is right 
occiput anterior (ROA). In the breech presentation, the sacrum 
is the reference (right sacrum anterior). The various positions of 
a cephalic presentation are illustrated in Figure 12-6. In a vertex 
presentation, position can be determined by palpation of the fetal 
sutures: the sagittal suture is the easiest to palpate, but palpation 
of the distinctive lambdoid sutures should identify the position 
of the fetal occiput; the frontal suture can also be used to deter
mine the position of the front of the vertex.

Most commonly, the fetal head enters the pelvis in a trans
verse position and then, as a normal part of labor, it rotates to 
an OA position. Most fetuses deliver in the OA, left occiput 
anterior (LOA), or ROA position. M alposition  refers to any 
position in labor that is not in the above three categories. In the 
past, fewer than 10% of presentations were occiput posterior 
(OP) at delivery.30 However, epidural analgesia may be an inde
pendent risk factor for persistent OP presentation in labor. In 
an observational cohort study, OP presentation was observed in 
12.9% of women with epidurals compared with 3.3% of con
trols (P — .002).31 In a Cochrane meta-analysis of four random
ized controlled trials (RCTs), malposition was 40% more likely 
for women with an epidural compared with controls; however, 
this difference was not statistically significant, and more RCTs 
are needed (odds ratio [OR] 1.40; 95% confidence interval [C l],

0.98 to 1.99).32 A synclitism  occurs when the sagittal suture is 
not directly central relative to the maternal pelvis. If the fetal 
head is turned such that more parietal bone is present posteri
orly, the sagittal suture is more anterior; this is referred to as 
posterior asynclitism. In contrast, anterior asynclitism occurs more 
parietal bone presents anteriorly. The occiput transverse (OT) 
and OP positions are less common at delivery and are more 
difficult to deliver.

Station  is a measure o f descent o f the bony presenting part 
o f the fetus through the birth canal (Fig. 12-7). The current 
standard classification (-5  to +5) is based on a quantitative 
measure in centimeters of the distance of the leading bony edge 
from the ischial spines. The midpoint (0 station) is defined as 
the plane of the maternal ischial spines. The ischial spines can 
be palpated on vaginal examination at approximately 8 o’clock 
and 4 o’clock. For the right-handed person, they are most easily 
felt on the maternal right.

An abnormality in any of these fetal variables may affect both 
the course of labor and the route of delivery. For example, OP 
presentation is well known to be associated with longer labor, 
operative vaginal delivery, and an increased risk of cesarean 
delivery.31’33

Maternal Pelvis (Passage)
The passage consists o f the bony pelvis— composed o f the 
sacrum, ilium, ischium, and pubis— and the resistance pro
vided by the soft tissues. Ihe bony pelvis is divided into 
the fa lse  (greater) and true (lesser) pelvis by the pelvic brim, 
which is demarcated by the sacral promontory, the anterior ala 
of the sacrum, the arcuate line of the ilium, the pectineal line 
of the pubis, and the pubic crest culminating in the symphysis
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(subjective) (estimated distance in
centimeters from the 

ischial spines)

FIG 12-7 The relationship of the leading edge of the presenting part of 
the fetus to the plane of the maternal ischial spines determines the 
station. Station +1/+3 (old classification), or +2/+5 (new classification), 
is illustrated.

(Fig. 12-8). Measurements of the various parameters of the bony 
female pelvis have been made with great precision, directly in 
cadavers and using radiographic imaging in living women. Such 
measurements have divided the true pelvis into a series of planes 
that must be negotiated by the fetus during passage through the 
birth canal, which can be broadly termed the p e lv ic inlet, m id
pelvis, and pelv ic outlet. Pelvimetry performed with radiographic 
computed tomography (CT) or magnetic resonance imaging 
(MRI) has been used to determine average and critical limit 
values for the various parameters of the bony pelvis (Table
12-1).34,35 Critical lim it values are measurements that may be

TABLE 12-1 AVERAGE AND CRITICAL LIMIT VALUES 
FOR PELVIC MEASUREMENTS BY 
X-RAY PELVIMETRY

D IA M E T E R A V E R A G E  V A L U E C R IT IC A L  L IM IT *

Pelvic Inlet
Anteroposterior (cm) 12.5 10.0
Transverse (cm) 13.0 12.0
Sum (cm) 25.5 22.0
Area (cm ) 145.0 123.0
Pelvic Midcavity
Anteroposterior (cm) 11.5 10.0
Transverse (cm) 10.5 9.5
Sum (cm) 22.0 19.5
Area (cm2) 125.0 106.0

Modified from O’Brien WF, Cefalo RC. Labor and delivery. In: Gabbe SG, Niebyl JR, 
Simpson JL, eds. Obstetrics: N ormal a n d  Problem  Pregnancies, ed 3. New York: Churchill 
Livingstone; 1996;377.
*'Ihe critical limit values cited imply a high likelihood of cephalopelvic disproportion.

Coccyx —  

Pelvic brim

Ischial spine

Pubic tubercle -

Pubic symphysis

A

Sacrum

Anterior ala 
of the sacrum

Anterior superior 
iliac spine

Iliopubic eminence 

Pectineal line

FIG 12-8 Superior (A) and anterior (B) view of the female pelvis. (From Repke JT. Intrapartum Obstetrics. New York: Churchill Livingstone; 
1996;68.)

ak
us

he
r-li

b.r
u



Chapter 12 Normal Labor and Delivery 253

associated with a significant probability of CPD depending 
upon fetal size and gestational age.34 However, subsequent 
studies were unable to demonstrate threshold pelvic or fetal 
cutoff values with sufficient sensitivity or specificity to predict 
CPD and the subsequent need for cesarean delivery prior to the 
onset of labor.3<s'3' In current obstetric practice, radiographic 
CT and MRI pelvimetry are rarely used given the lack of 
evidence o f benefit and some data that show possible harm 
(increased incidence o f cesarean delivery); instead, a clinical 
trial o f the pelvis (labor) is used. The remaining indications 
for radiography, CT  pelvimetry, or MRI are evaluation for 
vaginal breech delivery or evaluation of a woman who has suf
fered a significant pelvic fracture.38

Clinical pelvimetry is currently the only method of 
assessing the shape and dimensions o f the bony pelvis in 
labor.36 A useful protocol for clinical pelvimetry is detailed in 
Figure 12-9 and involves assessment of the pelvic inlet, midpel
vis, and pelvic outlet. Reported average and critical-lim it pelvic 
diameters may be used as a historical reference during the clini
cal examination to determine pelvic shape and assess risk for 
CPD. The inlet of the true pelvis is largest in its transverse 
diameter and averages 13.5 cm. ’6 The diagonal conjugate, the 
distance from the sacral promontory to the inferior margin of 
the symphysis pubis as assessed on vaginal examination, is a 
clinical representation of the anteroposterior (AP) diameter of 
the pelvic inlet. The true conjugate, or obstetric conjugate, 
of the pelvic inlet is the distance from the sacral promontory 
to the superior aspect of the symphysis pubis. The obstetric 
conjugate has an average value of 11 cm and is the smallest 
diameter of the inlet. It is considered to be contracted if  it mea
sures less than 10 cm.36 The obstetric conjugate cannot be mea
sured clinically but can be estimated by subtracting 1.5 to
2.0 cm from the diagonal conjugate, which has an average dis
tance of 12.5 cm.

The limiting factor in the midpelvis is the transverse 
interspinous diameter (the measurement between the ischial 
spines), which is usually the smallest diameter of the pelvis 
but should be greater than 10 cm. The pelvic outlet is rarely 
of clinical significance, however. The average pubic angle is 
greater than 90 degrees and will typically accommodate two 
fingerbreadths.36 The AP diameter from the coccyx to the sym
physis pubis is approximately 13 cm in most cases, and the 
transverse diameter between the ischial tuberosities is approxi
mately 8 cm and will typically accommodate four knuckles (see 
Fig. 12-9).

The shape o f the female bony pelvis can be classified into 
four broad categories: gynecoid, anthropoid, android, and 
platypelloid (Fig. 12-10). This classification is based on the 
radiographic studies of Caldwell and Moloy39 and separates 
those with more favorable characteristics (gynecoid, anthropoid) 
from those less favorable for vaginal delivery (android, platypel
loid). In reality, however, many women fall into intermediate 
classes, and the distinctions become arbitrary. The gynecoid 
pelvis is the classic female shape. The anthropoid pelvis—  
with its exaggerated oval shape o f the inlet, largest AP diam
eter, and limited anterior capacity— is more often associated 
with delivery in the OP position. The android pelvis is male 
in pattern and theoretically has an increased risk o f CPD, 
and the broad and flat platypelloid pelvis theoretically pre
disposes to a transverse arrest. Although the assessment of fetal 
size, along with pelvic shape and capacity, is still of clinical 
utility, it is a very inexact science. An adequate trial o f labor is

the only definitive method to determine whether a fetus will 
be able to safely negotiate through the pelvis.

Pelvic soft tissues may provide resistance in both the first and 
second stages of labor. In the first stage, resistance is offered 
primarily by the cervix, whereas in the second stage, it is offered 
by the muscles of the pelvic floor. In the second stage of labor, 
the resistance of the pelvic musculature is believed to play an 
important role in the rotation and movement of the presenting 
part through the pelvis.

CARDINAL MOVEMENTS IN LABOR
The cardinal movements refer to changes in the position of the 
fetal head during its passage through the birth canal. Because of 
the asymmetry of the shape of both the fetal head and the 
maternal bony pelvis, such rotations are required for the fetus 
to successfully negotiate the birth canal. Although labor and 
birth comprise a continuous process, seven discrete cardinal 
movements are described: (1) engagement, (2) descent, (3) 
flexion, (4) internal rotation, (5) extension, (6) external rota
tion or restitution, and (7) expulsion (Fig. 12-11).

Engagement
Engagement refers to passage o f the widest diameter o f the 
presenting part to a level below the plane o f the pelvic inlet
(Fig. 12-12). In the cephalic presentation with a well-flexed 
head, the largest transverse diameter of the fetal head is the 
biparietal diameter (9.5 cm). In the breech, the widest diameter 
is the bitrochanteric diameter. Clinically, engagement can be 
confirmed by palpation of the presenting part both abdominally 
and vaginally. W ith a cephalic presentation, engagement 
is achieved when the presenting part is at zero station on 
vaginal examination. Engagement is considered an important 
clinical prognostic sign because it demonstrates that, at least at 
the level of the pelvic inlet, the maternal bony pelvis is suffi
ciently large to allow descent of the fetal head. In nulliparas, 
engagement of the fetal head usually occurs by 36 weeks’ gesta
tion; however, in multiparas engagement can occur later in 
gestation or even during the course of labor.

Descent
Descent refers to the downward passage o f the presenting 
part through the pelvis. Descent o f the fetus is not continu
ous; the greatest rates o f descent occur in the late active phase 
and during the second stage o f labor.

Flexion
Flexion o f the fetal head occurs passively as the head descends 
owing to the shape o f the bony pelvis and the resistance 
offered by the soft tissues o f the pelvic floor. Although flexion 
of the fetal head onto the chest is present to some degree in most 
fetuses before labor, complete flexion usually occurs only during 
the course of labor. The result o f complete flexion is to present 
the smallest diameter o f the fetal head (the suboccipitobreg- 
matic diameter) for optimal passage through the pelvis.

Internal Rotation
Internal rotation refers to rotation o f the presenting part 
from its original position as it enters the pelvic inlet (usually 
OT) to the AP position as it passes through the pelvis. As
with flexion, internal rotation is a passive movement that results 
from the shape of the pelvis and the pelvic floor musculature.
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©  Estimation of prominence of 
sacral promontory

©  Estimation of prominence of 
ischial spines

(2) Assess curvature of the sacrum

Sacral curvature

(2) Estimation of subpelvic angle

(3) Assessment of transverse 
diameter of pelvic inlet

Transverse diameter

(3) Assessment of interspinous 
diameter

Interspinous diameter

(3) Estimation of intertuberous 
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Subpelvic
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FIG 12-9 A protocol for clinical pelvimetry.
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FIG 12-10 Characteristics of the four types of female bony pelvis. (Modified from Callahan TL, Caughey AB, Heffner LJ, eds. Blueprints in 
Obstetrics and Gynecology. Malden, MA: Blackwell Science; 1998;45.)

The pelvic floor musculature, including the coccygeus and ileo- 
coccygeus muscles, forms a V-shaped “hammock” that diverges 
anteriorly. As the head descends, the occiput of the fetus rotates 
toward the symphysis pubis— or, less commonly, toward the 
hollow of the sacrum— thereby allowing the widest portion of 
the fetus to negotiate the pelvis at its widest dimension. Owing 
to the angle of inclination between the maternal lumbar spine 
and pelvic inlet, the fetal head engages in an asynclitic fashion 
(i.e., with one parietal eminence lower than the other). W ith 
uterine contractions, the leading parietal eminence descends and 
is first to engage the pelvic floor. As the uterus relaxes, the pelvic 
floor musculature causes the fetal head to rotate until it is no 
longer asynclitic.

Extension
Extension occurs once the fetus has descended to the level o f 
the introitus. This descent brings the base of the occiput into 
contact with the inferior margin at the symphysis pubis. At this 
point, the birth canal curves upward. The fetal head is delivered 
by extension and rotates around the symphysis pubis. The forces 
responsible for this motion are the downward force exerted on 
the fetus by the uterine contractions along with the upward 
forces exerted by the muscles of the pelvic floor.

External Rotation
External rotation, also known as restitu tion , refers to the 
return o f the fetal head to the correct anatomic position in 
relation to the fetal torso. This can occur to either side

depending on the orientation of the fetus; this is again a passive 
movement that results from a release of the forces exerted on the 
fetal head by the maternal bony pelvis and its musculature and 
mediated by the basal tone of the fetal musculature.

Expulsion
Expulsion refers to delivery o f the rest o f the fetus. After 
delivery of the head and external rotation, further descent brings 
the anterior shoulder to the level of the symphysis pubis. The 
anterior shoulder is delivered in much the same manner as 
the head, with rotation o f the shoulder under the symphysis 
pubis. After the shoulder, the rest of the body is usually deliv
ered without difficulty.

NORMAL PROGRESS OF LABOR
Progress o f labor is measured with multiple variables. With 
the onset o f regular contractions, the fetus descends in the 
pelvis as the cervix both effaces and dilates. W ith each vaginal 
examination to judge labor progress, the clinician must 
assess not only cervical effacement and dilation but fetal 
station and position. This assessment depends on skilled 
digital palpation o f the maternal cervix and the presenting 
part. As the cervix dilates in labor, it thins and shortens—or 
becomes more e f fa c ed —over time. Cervical e ffa cem en t  refers 
to the length o f the remaining cervix and can be reported in 
length or as a percentage. If percentage is used, 0% efface
ment at term refers to at least a 2 cm long or a very thick
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FIG 12-11 Cardinal movements of labor.
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Sacral Occiput above
promontory ischial spines

FIG 12-12 Engagement of the fetal head.

Symphysis
pubis

cervix, and 100%  effacement refers to no length remaining 
or a very thin cervix. Most clinicians use percentages to follow 
cervical effacement during labor. Generally, 80% or greater 
effacement is observed in women who are in active labor. 
Dilation, perhaps the easiest assessment to master, ranges from 
closed (no dilation) to complete (10 cm dilated). For most 
women, a cervical dilation that accommodates a single index 
finger is equal to 1 cm, and two index fingers’ dilation is equal 
to 3 cm. If no cervix can be palpated around the presenting part, 
the cervix is 10 cm or completely dilated. The assessment of 
station, discussed earlier, is important for documentation of 
progress, but it is also critical when determining if  an operative 
vaginal delivery is feasible. Fetal head position should be regu
larly determined once the woman is in active labor; ideally, this 
should occur before significant caput has developed, which 
obscures the sutures. Like station, knowledge of the fetal posi
tion is critical before performing an operative vaginal delivery 
(see Chapter 14).

Labor occurs in three stages: the first stage is from labor 
onset until full dilation o f the cervix; the second stage is from 
full cervical dilation until delivery o f the baby; and the third 
stage begins with delivery o f the baby and ends with delivery 
o f the placenta. The first stage o f labor is divided into two 
ph ases: the first is the latent phase, and the second is the 
active phase. The latent phase begins with the onset of labor 
and is characterized by regular, painful uterine contractions and 
a slow rate of cervical change. W hen the rate of cervical dilation 
is accelerated, latent labor ends and active labor begins. Labor 
onset is a retrospective diagnosis that is difficult to identify 
objectively. It is defined by the initiation of regular painful 
contractions of sufficient duration and intensity to result in 
cervical dilation or effacement. Women are frequently at home 
during this time; therefore the identification of labor onset 
depends on patient memory and the timing of contractions 
in relation to the cervical examination. The active phase of 
labor is defined as the period in which the greatest rate of 
cervical dilation occurs. Identification of the point at which 
labor transitions from the latent to the active phase will depend 
upon the frequency of cervical examinations and retrospective

examination of labor progress. Historically, based upon Fried
man’s40 seminal data on cervical dilation and labor progress 
from the 1950s and 1960s, active labor required 80%  or 
more effacement and 4 cm or greater dilation o f the cervix.
He analyzed labor progress in 500 nulliparous and multiparous 
women and reported normative data that have been used for 
more than half a century to define our expectations of normal 
and abnormal labor.40,41

Friedman revolutionized our understanding of labor because 
he was able to plot static observations of cervical dilation against 
time and successfully translate the dynamic process of labor into 
a sigmoid-shaped curve (Fig. 12-13). Friedmans data popular
ized the use of the labor graph, which first depicted only cervical 
dilation and was then later modified to include fetal descent.42 
Four-centimeter cervical dilation marks the transition from the 
latent to the active phase because it corresponds to the flexion 
point on the averaged labor curve generated from a review of 
500 individual labor curves in the original Friedman dataset.40 
Rates o f 1.5 and 1.2 cm dilation per hour in the active phase 
for multiparous and nulliparous women, respectively, repre
sent the 5th percentile o f normal. *1 These data have led to 
the general concept that in active labor, a rate o f dilation of 
at least 1 cm per hour should occur.

More recent analysis o f contemporary labor from several 
studies challenges our understanding o f the cervical dilation 
at which active labor occurs and suggests that the transition 
from the latent phase to the active phase o f labor is a more 
gradual process.43 An analysis of labor curves for 1699 multipa
rous and nulliparous women who presented in spontaneous 
labor at term and underwent a vaginal delivery determined that 
only half of the women with a cervical dilation of 4 cm were in 
the active phase.44 By 5 cm of cervical dilation, 75% of the 
women were in the active phase, and by 6 cm cervical dilation, 
89% of the women were in the active phase.44 Zhang and col
leagues45 reviewed data from the National Collaborative Perina
tal Project, a historic cohort of 26,838 term parturients in 
spontaneous labor from 1959 through 1966. This study used a 
repeated measures analysis to construct labor curves for parturi
ents whose intrapartum management was similar to those 
studied by Friedman in the 1950s. The cesarean delivery rate 
was 5.6%, and only 20% of nulliparas and 12% of multiparas 
received oxytocin for labor augmentation. This study deter
mined that labor progress in nulliparous women who ulti
mately had a vaginal delivery is in fact slower than previously 
reported until 6 cm o f cervical dilation.41 Specifically, most 
nulliparous women were not in active labor until approximately
5 to 6 cm of cervical dilation, and the slope of labor progress 
did not increase until after 6 cm. These findings were confirmed 
in an analysis46 of contemporary data collected prospectively by 
the Consortium on Safe Labor, which enrolled and followed 
62,415 singleton term parturients who presented in spontane
ous labor at 19 institutions from 2002 through 2007. This 
dataset included a greater percentage of women with oxytocin 
augmentation (45% to 47%) and epidural analgesia (71% to 
84%) compared with those studied by Friedman in the 1950s. 
Zhang and colleagues45 reported the median and 95th percentile 
of time to progress from one centimeter to the next and con
firmed that labor may take more than 6 hours to progress from 
4 to 5 cm and more than 3 hours to progress from 5 to 6 cm 
regardless of parity (Table 12-2). Multiparas had a faster rate of 
cervical dilation compared with nulliparas only after 6 cm of 
cervical dilation had been reached. These data suggest that it
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FIG 12-13 A, Modern labor graph. Characteristics of the average cervical 
dilation curve for nulliparous labor. B, Zhang labor partogram. The 95th 
percentiles of cumulative duration of labor from admission among sin
gleton term nulliparous women with spontaneous onset of labor. Accel., 
acceleration; DeceL, deceleration; Max., maximum; Sec., seconds. 
(A, Modified from Friedman EA. Labor: Clinical Evaluation and Manage
ment, ed 2. Norwalk, CT: Appleton-Century-Crofts; 1978. B, From Zhang 
J, Landy H, Branch D, et al; the Consortium on Safe Labor. Contempo
rary patterns of spontaneous labor with normal neonatal outcomes. 
Obstet Gynecol. 2010;1116:1281.)

o
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TABLE 12-2 MEDIAN DURATION OF TIME ELAPSED 
IN HOURS FOR EACH CENTIMETER OF 
CHANGE IN CERVICAL DILATION IN 
SPONTANEOUS LABOR STRATIFIED 
BY PARITY

CERVICAL 
DILATION (cm) PARITY 0* PARITY 1 PARITY >2

3-4 1.8 (8.1) _ -
4-5 1.3 (6.4) 1.4 (7 .3 ) 1.4 (7.0)
5-6 0.8 (3.2) 0.8 (3.4) 0.8 (3.4)
6-7 0.6 (2.2) 0.5 (1.9) 0.5 (1.8)
7-8 0.5 (1.6) 0.4 (1.3) 0.4 (1.2)
8-9 0.5 (1.2) 0.3 (1.0) 0.3 (0.9)
9-10 0.5 (1.8) 0.3 (0.9) 0.3 (0.8)

Modified from Zhang J, Landy H, Branch D, et al. Consortium on safe labor: 
Contemporary patterns of spontaneous labor with normal neonatal outcomes. Obstet 
Gynecol. 2010; 116:1281.
*Median elapsed time in hours (95th percentile). An interval-censored regression model 
was used to estimate the distribution of time for progression from one centimeter to the 
next with the assumption of log normal distribution of the labor data.

would be more appropriate to utilize a threshold o f 6 cm 
cervical dilation to define active phase labor onset and that 
the rate o f cervical dilation for nulliparas at the 95th percen
tile o f normal may be greater than the 1 cm per hour previ
ously expected. These are important findings that suggest 
clinicians using the Friedman dataset to determine the threshold 
for active labor may be diagnosing active phase arrest prema
turely, which could result in unnecessary cesarean deliveries (see 
Chapter 1 3 ) .« 2-45'46

The labor partogram commonly in use today was based upon 
the graph introduced in 1964 by Schulman and Ledger,47 in 
which labor progression focused on latent and active phase only. 
Another and perhaps better approach, based upon contempo
rary data from the Consortium on Safe Labor,46 is shown in 
Figure 12-13, along with the modified Friedman curve. The 
Zhang partogram (see Fig. 12-13, B) graphically depicts the 
95th percentile o f the duration o f labor in hours stratified 
by cervical dilation on admission. Cervical dilation is not 
recorded as a continuous measure, and as a result, interval

Accel.
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TABLE 12-3 SUMMARY OF MEANS AND 95TH 
PERCENTILES FOR DURATION OF 
FIRST- AND SECOND-STAGE LABOR

PARAMETER MEAN 95TH PERCENTILE

Nulliparas
Latent labor 7.3-8.6 hr 17-21 hr
First stage 6-13.3 hr 16.6-30 hr
Second stage 36-57 min 122-197 min
Second stage, epidural 79 min 336 min
Multiparas
Latent labor 4.1-5.3 hr 12-14 hr
First stage 5.7-7.5 hr 12.5-13.7 hr
Second stage 17-19 min 57-81 min
Second stage, epidural 45 min 255 min

Data from references 40-41, 46, and 52-55.

cervical change over time is depicted in a stair-step pattern.
The Zhang partogram may be more appropriate for the identi
fication of those parturients with a duration of labor that exceeds 
the 95 th percentile of normal. Its clinical utility, however, has 
yet to be confirmed and validated.

Factors that affect the duration of labor include parity, mater
nal body mass index (BMI), fetal position, maternal age, and 
fetal size. Longer labors are associated with increased maternal 
BM I,48 fetal position other than OA,49 and older maternal 
age.5'50,51 Data conflict in regard to the effect of epidural use on 
the duration of the first stage of labor. Retrospective cohort 
studies have suggested that epidural use may significantly 
increase the duration of the first stage of labor.47,52’53 However, 
a Cochrane meta-analysis o f 11 RCTs did not identify a sta
tistically significant difference in the mean length o f the first 
stage o f labor in women randomized to epidural analgesia 
compared with those who went without (average mean differ
ence [MD] 18.51 min; 95% C l , -12 .91  to 49 .92).32 Additional 
studies are needed to confirm the effect of epidural use on the 
95th percentile duration for the first stage of normal labor. Table
12-3 summarizes the means and 95 th percentile duration of 
first- and second-stage labor that have been reported.40'41,46,47’52'55

Factors significantly associated with a prolonged second 
stage included induced labor, chorioamnionitis, older mater
nal age, OP position, delayed pushing, nonblack ethnicity, 
epidural analgesia, and parity o f five or more.50'56 O f note, 
Friedman’s second-stage lengths are somewhat artificial because 
most nulliparous women in that era had a forceps delivery once 
the duration of the second stage reached 2 hours. More recent 
labor duration data that evaluated women in spontaneous labor 
without augmentation or operative delivery from multiple coun
tries report similar mean labor durations, which suggests that 
these normative data are reliable and useful (see Table 12-3). A 
Cochrane meta-analysis32 of 13 RCTs confirmed that epidural 
use significantly increased the mean duration o f the second 
stage compared with no epidural (average MD in second stage 
length with an epidural, 13.66 min; 95% C l, 6.67 to 20.66 min). 
According to the ACOG/Society for Maternal-Fetal Medicine 
(SMFM) obstetric care consensus,57 it is important to consider 
not just the mean or median duration of the second stage with 
epidural analgesia but also the 95th percentile duration. In a 
recent large retrospective cohort study of 33,239 women with 
term spontaneous vaginal deliveries, an epidural was associated 
with an increase in the 95th percentile duration o f the second 
stage in nulliparous women by 94 minutes (P < .001). ' For 
multiparous women with a spontaneous vaginal delivery, an

epidural increased the 95th percentile duration o f the second 
stage by 102 minutes (P< .001; see Chapter 16).5-1 Determina
tion of the upper limits of time for normal second-stage labor 
that incorporates epidural use and other more contemporary 
labor interventions are helpful in identifying normative values 
for labor duration that are associated with the lowest risk of 
maternal and neonatal morbidity.52,53,58

Ihe third stage of labor is generally short. In a case series 
o f nearly 13,000 singleton vaginal deliveries at greater than 
20 weeks’ gestation, the median third-stage duration was
6 minutes and exceeded 30 minutes in only 3% o f women. ’ 
However, third stages lasting greater than 30 minutes were 
associated with significant maternal morbidity that included 
an increased risk o f blood loss greater than 500 mL, a decrease 
in postpartum hematocrit by greater than or equal to 10%, 
need for dilation and curettage, and a sixfold increased risk 
of postpartum hemorrhage. ’1'" These data suggest that i f  
spontaneous separation does not occur, manual removal 
and/or extraction o f the placenta should be considered after 
30 minutes to reduce the risk o f maternal hemorrhage. The 
factors associated with a prolonged third stage of labor include 
preterm delivery, preeclampsia, labor augmentation, nulliparity, 
maternal age over 35 years, and a second-stage labor duration 
greater than 2 hours.61,62 Several strategies to minimize the risk 
of postpartum hemorrhage for women in the third stage of labor 
have been recommended and include early administration of 
a uterotonic agent after delivery of the anterior fetal shoulder, 
early cord clamping, controlled traction on the umbilical cord, 
and fundal massage to facilitate early placental separation.63,64 
A Cochrane meta-analysis63 of seven randomized to quasi
randomized controlled studies found that for a heterogeneous 
population of women at mixed risk of bleeding, active manage
ment of the third stage of labor was associated with a significant 
reduction in blood loss over 1000 mL (relative risk [RR], 0.34; 
95% C l, 0.14 to 0.87) and a lower risk of anemia (hemoglobin 
[Hgb], <9 g/dL; average RR, 0.50; 95% C l, 0.30 to 0.83). 
However, a significant reduction in neonatal birthweight was 
reported, likely due to early cord clamping and reduced time for 
placental transfusion. In women at low risk for postpartum hem
orrhage, active management of labor was not associated with a 
significant reduction in the risk of maternal hemorrhage (blood 
loss >500 mL) or maternal anemia (Hgb <9 g/dL) compared 
with women who were expectantly managed.63

Interventions That Affect Normal 
Labor Outcomes
Various interventions have been suggested to promote normal 
labor progress, including maternal ambulation and upright 
maternal positioning during active labor.65,66 A well-designed 
randomized trial65 o f over 1000 low-risk women in early 
labor at 3- to 5-cm cervical dilation compared ambulation 
with usual care and found no differences in the duration o f 
the first stage, need for oxytocin, use o f analgesia, neonatal 
outcomes, or route o f delivery. These results suggest that given 
appropriate staffing resources and fetal surveillance protocols, 
walking in the first stage of labor is an option that may be con
sidered for low-risk women. A Cochrane review of 25 random
ized to quasi RCTs of considerable heterogeneity found that in 
low-risk nulliparous women, upright rather than recumbent 
positioning during labor was associated with a significantly 
shorter first stage o f labor by 1 hour and 22 minutes (average 
MD, -1 .3 6 ; 95% C l, —2.22 to -0 .5 1 ), less epidural use, and
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a reduction in the risk o f cesarean delivery by 30%  (RR, 
0.71; 95% C l, 0.54 to 0.94).66 Women should be encouraged 
to consider upright positioning in labor, and the potential 
benefits should be discussed to facilitate informed decision 
making. In a Cochrane review67 of 22 trials that involved 15,288 
low-risk women randomized to continuous labor support 
(doula) compared with routine care, the presence o f a labor 
doula was associated with a significant reduction in the use 
o f analgesia, oxytocin, and operative vaginal delivery (RR, 
0.90; 95% C l, 0.85 to 0.96) or cesarean delivery (RR, 0.78; 
95% C l, 0.67 to 0.91) and an increase in personal satisfac
tion. These data were compelling enough for doula support to 
receive an A rating, meaning that it should be recommended for 
use during labor.68 Other models of continuous labor support 
with a friend or family member should be encouraged if  a 
doula is unavailable.

The benefits of IV hydration in labor have been less well 
studied. The use of IV fluids is a routine practice in many labor 
and delivery units, although its benefit compared with oral 
hydration has not been well elucidated, and the volume and type 
of IV fluid that may promote optimal progress in labor is unclear. 
A Cochrane review69 of nine randomized trials included studies 
of considerable heterogeneity. Two trials compared women ran
domized to receive up to 250 mL/hr of Ringer’s lactate solution 
and oral intake versus oral intake alone. No difference was found 
in the cesarean delivery rate. However, a reduced duration of 
labor was reported for women with a vaginal delivery who 
received Ringer’s lactate (MD, —28.86 min; 95% C l, —47.41 to 
—10.30). Four trials compared rates of IV fluids (125 mL/hr vs. 
250 mL/hr) in women whose oral intake was restricted, and a 
significant reduction in the duration of labor was reported in 
women who received IV fluid at 250 mL/hr.69 W ith regard to 
the type of IV fluid, in a randomized trial of nulliparas in active 
labor, IV administration at 125 mL/min of dextrose in normal 
saline (NS) was associated with a significant reduction in labor 
length and in second-stage length compared with normal 
saline.70 Although the available data suggest that IV fluid is 
beneficial in labor, additional studies are needed to determine 
the risks and benefits of appropriate oral hydration. Further
more, the optimal volume of fluid replacement in labor from all 
sources, oral and IV, is unclear.

Active Management of Labor
Dystocia refers to a lack o f progress o f labor for any reason, 
and it is the most common indication for cesarean delivery 
(CD) in nulliparous women and the second most common 
indication for CD in multiparous women. In the late 1980s, 
in an effort to reduce the rapidly rising rate of CD, active man
agement of labor was popularized in the United States based on 
findings in Ireland, where the routine use of active management 
was associated with very low rates of CD. 1 Protocols for active 
management included (1) admission only when labor was 
established, evidenced by painful contractions and spontane
ous rupture o f membranes, 100%  effacement, or passage o f 
blood-stained mucus; (2) artificial rupture o f membranes on 
diagnosis o f labor; (3) aggressive oxytocin augmentation for 
labor progress o f less than 1 cm/hr with high-dose oxytocin 
(6 mlU/min initial dose, increased by 6 mlU/min every 
15 min to a maximum o f 40 mlU/min); and (4) patient edu
cation.71 Observational data suggested that this management 
protocol was associated with rates of CD of 5.5% and delivery 
within 12 hours in 98% ofwomen.71 Only 41% of the nulliparas

actually required oxytocin augmentation. Multiple nonrandom
ized studies were subsequently published that attempted to 
duplicate these results in the United States and Canada.72 75 Two 
of these reported a significant reduction in cesarean delivery 
when compared with historical controls.72 711 However, in two of 
three RCTs, no significant decrease in the rate of cesarean deliv
ery was observed with active compared with routine manage
ment of labor.76'77 In the third RCT, the overall CD rate was not 
significantly different. However, when confounding variables 
were controlled, CD was significantly lower in the actively 
managed group.75 In all randomized trials, labor duration was 
significantly decreased by a range of 1.7 to 2.7 hours, and neo
natal morbidity was not different between groups. In a recent 
Cochrane review, 1 a meta-analysis o f 11 trials (7753 women) 
concluded that early oxytocin augmentation in women with 
spontaneous labor was associated with a significant decrease 
in CD (RR, 0.87; 95% C l, 0.77 to 0.99). A meta-analysis of 
eight trials (4816 women) determined that early amniotomy and 
oxytocin augmentation was associated with a significantly short
ened duration of labor (average MD, 1.28 hr; 95% C l, —1.97 
to —0.59).78 Of note, amniotomy alone did not affect labor 
length or the rate of CD. This reduction in labor duration has 
significant cost and bed-management implications, especially for 
busy labor and delivery units. Perhaps the most important 
factor in active management is delaying admission until 
active labor has been established.

Second Stage of Labor
Abnormal progress in fetal descent is the dystocia o f the 
second stage. A wide range of mean and 95 th percentile second- 
stage labor durations have been reported for vaginal deliveries 
and are influenced by parity, presence or absence of epidural 
analgesia, and local or regional practice patterns (see Table 12-3). 
According to the summary of a National Institutes of Health 
(NIH)—sponsored workshop on prevention of the first cesarean, 
no specific threshold maximum second-stage duration exists 
beyond which all women should undergo operative vaginal 
delivery. 9 However, a direct correlation has been found 
between second-stage duration, adverse maternal outcomes 
(hemorrhage, infection, perineal lacerations), and the likeli
hood o f a successful vaginal delivery.80 A secondary analysis42 
of a multicenter study on fetal pulse oximetry compared second- 
stage duration with maternal and perinatal outcomes in 4126 
nulliparous women. Chorioamnionitis (overall rate, 3.9%), 
third- and fourth-degree lacerations (overall rate, 8.7% ), and 
uterine atony (overall rate, 3.9% ; combined OR, 1.31 to 1.60; 
95% C l, 1.14 to 1.86) were significantly increased with longer 
second-stage duration. Adverse maternal outcomes with longer 
labor duration in multiparous women have also been reported.81,82 
In regard to the correlation between adverse neonatal outcomes 
and longer second-stage lengths, the reports are mixed; one 
study reported a lack of association between neonatal outcomes 
and the duration of the second stage of labor in nulliparous 
women.80,83'85 However, in a study of 43,810 nulliparas in the 
second stage of labor, second-stage lengths o f greater than 3 
hours were associated with increased maternal and neonatal 
morbidity.86 In nulliparous women with an epidural who had 
a nonoperative vaginal delivery, a prolonged second stage greater 
than 3 hours was associated with an increased risk of a shoulder 
dystocia (adjusted OR, 1.62; 95% C l, 1.17 to 1.65), 5-minute 
Apgar score less than 4 (adjusted OR, 2.58; 95% C l, 1.07 to 
6.17), increased risk of neonatal intensive care unit (NICU)
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TABLE 12-4 RECOMMENDATIONS FOR 95TH 
PERCENTILE DURATION FOR THE 
SECOND STAGE OF LABOR

95TH PERCENTILE

Multiparas
Second stage without an epidural 2 hours
Second stage with an epidural 3 hours
Nulliparas
Second stage without an epidural 3 hours
Second stage with an epidural 4 hours

Modified from Spong C, Berghella V, Wenstrom K, et al. Preventing the first cesarean 
delivery: Summary of a joint Eunice Kennedy Shriver National Institute of Child Health 
and Human Development, Society for Maternal-Fetal Medicine, and American College 
of Obstetricians and Gynecologists Workshop. Obstet Gynecol. 2012; 120(5): 1181.

admission (adjusted OR, 1.25; 95% C l, 1.02 to 1.53), and 
neonatal sepsis (adjusted OR, 2.01; 95% C l, 1.39 to 2 .9 1).86 
It should be noted that although these results are significant, 
the absolute incidence of each event is extremely low. These 
findings suggest that the benefits o f vaginal delivery with 
second-stage prolongation must be weighed against possible 
small but significant increases in neonatal risk.80 Although 
less frequent, adverse neonatal outcomes for multiparous 
women with a prolonged second-stage duration have also 
been reported.80'82

Based upon the available evidence, a workshop convened by 
the Eunice Kennedy Shriver National Institute of Health Child 
Health and Human Development (NICHD), ACOG, and 
SMFM recommend at least a 3- to 4-hour second-stage dura
tion for nulliparous women and at least a 2- to 3-hour 
second-stage duration for multiparas, i f  maternal and fetal 
conditions permit. 9 Documentation of patient progress and 
individualization of care is paramount because longer durations 
of pushing may also be appropriate. Epidural use or fetal mal
position, for example, may prolong the duration of the second 
stage. Recommended guidelines to identify those with abnormal 
prolongation of the second stage stratified by parity and epidural 
use are detailed in Table 12-4. These limits should not be used 
arbitrarily to justify ending the second stage. They can, however, 
be used to identify a subset of women who require further 
evaluation.83

As with active labor, poor progress in the second stage may 
be related to inadequate contractions; therefore initiating oxy
tocin in the second stage may be effective to facilitate descent if  
contraction frequency is diminished. If malposition is diag
nosed, rotation to OA—either manually or by forceps— may 
also be indicated in the second stage to facilitate descent. For 
women with a prolonged second-stage duration, arbitrary time 
cutoffs are unnecessary if  steady progress is observed and fetal 
status is reassuring.87'91 Whereas evidence suggests maternal 
morbidity is significantly higher in women with a prolonged 
second stage,83’92 it is important to note that the decision to 
proceed with an operative vaginal delivery or cesarean delivery 
simply to shorten the second stage must be based upon weighing 
the risks of operative delivery against the risks associated with a 
prolonged second stage and the likelihood of a successful vaginal 
delivery (see Chapters 13 and 14).

Multiple factors influence the duration o f the second 
stage; these include epidural analgesia, nulliparity, older 
maternal age, maternal BMI, longer active phase, greater 
birthweight, and excess maternal weight gain.83,92 Modifiable 
factors that have been evaluated in management of the second

stage include maternal position, decreasing or discontinuation 
of epidural analgesia (see Chapter 16), and delayed pushing. A 
Cochrane review of five RCTs that studied the risks and benefits 
of discontinuation of second-stage epidural analgesia found no 
difference in route of delivery, operative vaginal delivery rate, or 
second-stage duration.93'96 However, a Cochrane review of 38 
RCTs to evaluate epidural versus no epidural in labor found that 
epidural analgesia was clearly associated with an increased dura
tion of the second stage of labor (MD, 13.66 min; 95% C l, 
6.67 to 20.66) and rate of operative delivery (OR, 1.42; 95% 
C l, 1.28 to 1.57).32’95’97 A recent retrospective review98 of second- 
stage durations for 4605 women reported a 60-minute increase 
in the median duration of second-stage labor for nulliparas with 
an epidural compared with those without. In women who had 
a vaginal delivery, the 95th percentile duration of the second 
stage was 95 minutes longer for nulliparas with an epidural and 
101 minutes longer for multiparas with an epidural compared 
with those who went without an epidural (P  < .001). Delayed 
pushing was compared with immediate pushing in the second 
stage in nulliparas with epidural analgesia to determine whether 
this strategy would reduce the need for operative delivery.97'99'101 
It has been suggested that delaying pushing until the woman 
feels the urge to push would maximize maternal pushing efforts, 
reduce maternal exhaustion, and decrease the risk of operative 
vaginal delivery.

A meta-analysis o f 12 RCTs found that delayed pushing 
was associated with an increased rate o f vaginal delivery. 
However, this benefit was not statistically significant among 
the quality studies reviewed.'1 99'102 Delayed pushing prolonged 
the duration of the second stage (weighted MD, 56.92 min; 
95% C l, 42.19 to 71.64) and shortened the duration of active 
pushing (weighted MD, 21.98 min; 95% C l, -31 .29  to 
—12.68).102 However, no significant difference was found in 
the operative vaginal delivery rate.102 Only one trial reported a 
significant decrease in midpelvic operative deliveries.99 Risks 
associated with delayed pushing have also been reported. In a 
retrospective evaluation of 5290 term multiparous and nullipa
rous women, delayed pushing was associated with a statistically 
significant increase in cesarean and operative delivery rates, 
increased maternal fever, and a significant decrease in arterial 
cord pH .103,104 Data suggest that delayed pushing is not asso
ciated with fewer cesarean or operative deliveries and may 
have maternal risks. Additional studies are needed to deter
mine whether delayed pushing is associated with increased 
neonatal risk.

Finally, the effect of maternal position in the second stage has 
been evaluated.105106 A Cochrane review107 of five RCTs evalu
ated the effect of any upright position compared with recumbent 
positioning in the second stage of labor on route of delivery and 
duration of labor. No statistically significant difference between 
groups was observed for operative delivery, duration of second 
stage, or neonatal outcome.10 A significant increase in the 
percent of women with an intact perineum in the upright group 
was identified106; therefore nonrecumbent positioning in the 
second stage should be considered.

SPONTANEOUS VAGINAL DELIVERY
Preparation for delivery should take into account the patient s 
parity, the progression o f labor, fetal presentation, and any 
labor complications. Among women for whom delivery com
plications are anticipated (risk factors for shoulder dystocia or
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multiple gestation), transfer to a larger and better equipped 
delivery room, removal of the foot of the bed, and delivery in 
the lithotomy position may be appropriate. If no complications 
are anticipated, delivery can be accomplished with the mother 
in her preferred position. Common positions include the lateral 
(Sims) position or the partial sitting position.

The goals o f clinical assistance at spontaneous delivery are 
the reduction o f maternal trauma, prevention o f fetal injury, 
and initial support o f the newborn. When the fetal head 
crowns and delivery is imminent, gentle pressure should be 
used to maintain flexion o f the fetal head and to control 
delivery, potentially protecting against perineal injury. Once 
the fetal head is delivered, external rotation (restitution) is 
allowed. If a shoulder dystocia is anticipated, it is appropri
ate to proceed directly with gentle downward traction o f the 
fetal head before restitution occurs. During restitution, 
nuchal umbilical cord loops should be identified and reduced; 
in rare cases in which simple reduction is not possible, the 
cord can be doubly clamped and transected. The anterior 
shoulder should then be delivered by gentle downward trac
tion in concert with maternal expulsive efforts; the posterior 
shoulder is delivered by upward traction. These movements 
should be performed with the minimal force possible to 
avoid perineal injury and traction injuries to the brachial 
plexus.

No evidence shows that DeLee suction reduces the risk of 
meconium aspiration syndrome in the presence o f meco
nium; thus this should not be performed. 108 For a vigorous 
infant, the ACOG Committee on Obstetric Practice and the 
American Academy of Pediatrics (AAP) no longer recommend 
routine suctioning in the presence of meconium. If the infant is 
depressed, and meconium staining is evident, intubation and 
visualization of meconium or other foreign material below the 
vocal cords is recommended and should be performed by appro
priately trained providers per AAP guidelines.101

The timing o f cord clamping is usually dictated by conve
nience and is commonly performed immediately after deliv
ery. However, an ongoing debate exists about the benefits 
and risks to the newborn o f late cord clamping. A Cochrane 
review of 15 RCTs that compared late (>2 minutes) and imme
diate cord clamping in term infants showed a significant increase 
in infant hematocrit, ferritin, and stored iron at 2 to 6 months 
with no significant increase in the risk of maternal hemor
rhage.110,111 However, a significant increase was also seen in 
neonatal polycythemia and treatment for neonatal jaundice in 
the delayed group. A Cochrane review112 of 15 RCTs to compare 
late (>30 seconds) to immediate cord clamping in preterm 
infants (<37 weeks’ gestation) showed significant decreases in 
anemia that required transfusion, intraventricular hemorrhage 
(IVH), and necrotizing enterocolitis in infants with delayed 
clamping. Those infants who had their cords clamped later 
were also noted to have a higher bilirubin levels. No significant 
difference was reported in the risk of grade 3 or 4 IVH or 
interventricular leukomalacia, primarily due to considerable 
heterogeneity among the studies.112 In 2012, ACOG issued a 
committee opinion affirming the practice o f delayed cord 
clamping for preterm infants in light o f the up to 50% reduc
tion in the risk o f IVH reported for these infants when 
delayed cord clamping is performed.113 However, for term 
infants, ACOG determined that evidence was insufficient to 
either confirm or refute the benefits o f delayed cord clamp
ing. Additional studies are needed to determine barriers to

implementation of delayed cord clamping in preterm infants 
and to further determine the benefits and risks of this practice 
for term infants in resource-rich locations.114

If possible, the steps described here are best done with the 
infant on the mother’s abdomen. Initially, the infant should be 
wiped dry and kept warm while any mucus remaining in the 
airway is suctioned. Keeping the infant warm is particularly 
important, and because heat is lost quickly from the head, 
placing a hat on the infant is appropriate. After clamping of 
the cord, the vigorous term infant should be placed on the 
mother’s bare skin if  at all possible. Early skin-to-skin contact 
(SSC) refers to the placement of the naked infant in a prone 
position onto the mother’s bare chest and abdomen near the 
breast with the infant’s side and back covered by blankets or 
towels.115 Early SSC is recommended for the healthy term 
newborn immediately after vaginal delivery and as soon as 
possible after cesarean delivery by ACOG, the AAP, and 
the Baby-Friendly Health Initiative developed by the World 
Health Organization.116,117 Meta-analysis of data from RCTs 
(13 trials, 702 participants) suggests that immediate or early 
SSC increases the likelihood o f breastfeeding initiation at
1 to 4 months (RR 1.27; 95% C l, 1.06 to 1.53) and results 
in higher blood glucose at 75 to 90 min o f life compared 
with standard care (MD, 10.56 mg/dL; 95% C l, 8.40 to 
12.72).118 Positive effects of SSC on maternal-infant bonding, 
breastfeeding duration, cardiorespiratory stability, and body 
temperature have also been demonstrated.118120 The term Kan
garoo care refers to a model of postdelivery care that includes 
continuous SSC contact and exclusive breastfeeding for low 
birthweight (LBW) infants, and it was originally promoted as 
an alternative to incubators in resource-poor settings. A meta
analysis of the RCTs identified a significant reduction in 
neonatal mortality, nosocomial infection and sepsis, and 
hypothermia as well as improvements in measures o f infant 
growth, breastfeeding, and mother-infant attachment with 
kangaroo care compared with conventional methods for 
LBW infants.121 Additional prospective RCTs are needed to 
further characterize the benefits and limitations, if  any, of SSC 
and kangaroo care in term and stable LBW infants; in resource- 
rich, compared with resource-poor, settings; and after cesarean 
delivery.

DELIVERY OF THE PLACENTA 
AND FETAL MEMBRANES
The third stage o f labor can be managed either passively or 
actively. Passive management is characterized by clamping of 
the cord once spontaneous pulsations have ceased and delivery 
of the placenta by gravity or spontaneously, without manipula
tion of the uterus or traction on the cord. Placental separation 
is heralded by lengthening o f the umbilical cord and a gush 
of blood from the vagina, signifying separation o f the 
placenta from the uterine wall. W ith passive management, 
uterotonic medications are not given until after delivery of the 
placenta. W ith active management of the third stage, utero
tonic medication is administered shortly after delivery of the 
baby but prior to delivery of the placenta. Controlled umbilical 
cord traction and countertraction are used to support the uterus 
until the placenta separates and is delivered, followed by uterine 
massage after delivery of the placenta. Two techniques of con
trolled cord traction are commonly used to facilitate separation 
and delivery of the placenta: in the Brandt-Andrews maneuver, a
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hand pressed against the abdomen secures the uterine fundus to 
prevent uterine inversion, while the other hand exerts sustained 
downward traction on the umbilical cord; with the Crede maneu
ver, the cord is fixed with the lower hand, and while the uterine 
fundus is secured and sustained, upward traction is applied by 
a hand pressed against the abdomen. Care should be taken to 
avoid evulsion of the cord.

Implementation o f active management strategies in the 
third stage o f labor can significantly decrease the risk of 
postpartum hemorrhage. In a meta-analysis of three RCTs to 
compare active to expectant management, subjects randomized 
to active management were 66% less likely to have postpartum 
hemorrhage (estimated blood loss [EBL] >1000 mL; RR, 0.34; 
95% C l, 0.14 to 0 .87 ).122,123 Active management of the third 
stage of labor is recommended by ACOG District II and the 
California Maternal Quality Care Collaborative (CM Q CC) as 
an integral component of multifaceted perinatal quality in itia
tives to reduce the severe maternal morbidity and mortality 
that results from obstetric hemorrhage. Active management of 
the third stage of labor specifically includes administration of 
dilute IV oxytocin or 10 units of intramuscular oxytocin after 
delivery of the fetus and prior to delivery of the placenta (ACOG 
District II). In the CM Q C C obstetric hemorrhage protocol, 
additional components of the active management strategy 
include umbilical cord clamping at or prior to 2 minutes after 
delivery, controlled cord traction to facilitate delivery of the 
placenta, followed by fundal massage to facilitate uterine involu
tion (CM Q CC).

After delivery, the placenta, umbilical cord, and fetal mem
branes should be examined. Placental weight (excluding 
membranes and cord) varies with fetal weight, with a ratio 
of approximately 1 :6 . Abnormally large placentae are associ
ated with such conditions as hydrops fetalis and congenital 
syphilis. Inspection and palpation o f the placenta should 
include the fetal and maternal surfaces and may reveal areas 
of fibrosis, infarction, or calcification. Although each of these 
conditions may be seen in the normal term placenta, extensive 
lesions should prompt histologic examination. Adherent clots 
on the maternal placental surface may indicate recent placental 
abruption; however, their absence does not exclude the diagno
sis. A missing placental cotyledon or a membrane defect sugges
tive of a missing succenturiate lobe also suggests retention of a 
portion of placenta and should prompt further clinical evalua
tion. Routine manual exploration o f the uterus after delivery 
is unnecessary unless retained products o f conception or a 
postpartum hemorrhage is suspected.

The site o f insertion o f the umbilical cord into the placenta 
should be noted. Abnormal insertions include marginal inser
tion, in which the cord inserts into the edge of the placenta, 
and membranous insertion, in which the vessels of the umbilical 
cord course through the membranes before attachment to the 
placental disc. The cord should be inspected for length; the 
correct number of umbilical vessels, normally two arteries and 
one vein; true knots; hematomas; and strictures. The average 
cord length is about 50 to 60 cm. A single umbilical artery 
discovered on pathologic examination is associated with an 
increased risk of fetal growth restriction and up to a 6.77-fold 
higher risk of one or more major congenital anomalies (OR, 
6.77; 95% C l, 5.7 to 8 .06).124-127 Therefore this finding should 
be relayed to the attending neonatologist or pediatrician, and 
any abnormalities of the placenta or cord should be noted in the 
mother’s chart.

EPISIOTOMY AND PERINEAL INJURY 
AND REPAIR
Following delivery o f the placenta, the vagina and perineum 
should be carefully examined for evidence o f injury. If a
laceration is seen, its length and position should be noted and 
repair should be initiated. Adequate analgesia, either regional or 
local, is essential for repair. Special attention should be paid to 
repair of the perineal body, the external anal sphincter, and the 
rectal mucosa (see Chapter 18). Failure to recognize and repair 
rectal injury can lead to serious long-term morbidity, most 
notably fecal incontinence. The cervix should be inspected for 
lacerations if  an operative delivery was performed or when bleed
ing is significant with or after delivery.

Perineal injuries, either spontaneous or with the episiotomy, 
are the most common complications of spontaneous or operative 
vaginal deliveries. A first-degree tear is defined as a superficial 
tear confined to the epithelial layer; it may or may not need 
to be repaired depending on size, location, and amount o f 
bleeding. A second-degree tear extends into the perineal body 
but not into the external anal sphincter. A third-degree tear 
involves superficial or deep injury to the external anal sphinc
ter, whereas a. fourth-degree tear extends completely through 
the sphincter and the rectal mucosa. All second-, third-, and 
fourth-degree tears should be repaired (see Chapter 18). Sig
nificant morbidity is associated with third- and fourth-degree 
tears, including risk of flatus and stool incontinence, rectovagi
nal fistula, infection, and pain (see Chapter 14). Primary approx
imation of perineal lacerations affords the best opportunity for 
functional repair, especially if  rectal sphincter injury is evident. 
The external anal sphincter should be repaired by direct apposi
tion or overlapping the cut ends and securing them using inter
rupted sutures.

Episiotomy is an incision into the perineal body made 
during the second stage o f labor to facilitate delivery. It is by
definition at least a second-degree tear. Episiotomy can be clas
sified into two broad categories, midline and mediolateral. With  
a rnidline episiotomy, a vertical midline incision is made from 
the posterior fourchette toward the rectum (Fig. 12-14). After 
adequate analgesia has been achieved, either local or regional, 
straight Mayo scissors are generally used to perform the episi
otomy. Care should be taken to displace the perineum from the 
fetal head. The size of the incision depends on the length of the 
perineum but is generally approximately half of the length of 
the perineum and should be extended vertically up the vaginal 
mucosa for a distance of 2 to 3 cm. Every effort should be made 
to avoid direct injury to the anal sphincter. Complications of 
midline episiotomy include increased blood loss, especially 
i f  the incision is made too early; fetal injury; and localized 
pain. W ith a mediolateral episiotomy, an incision is made at 
a 45-degree angle from the inferior portion o f the hymeneal 
ring (Fig. 12-15). The length of the incision is less critical than 
with midline episiotomy, but longer incisions require lengthier 
repair. The side to which the episiotomy is performed is usually 
dictated by the dominant hand of the practitioner. Because such 
incisions appear to be moderately protective against severe 
perineal trauma, i f  an episiotomy is needed, the mediolateral 
episiotomy is the procedure o f choice for women with in
flammatory bowel disease (see Chapter 48) because o f the 
critical need to prevent rectal injury. Historically, it was be
lieved that episiotomy improved outcome by reducing pressure 
on the fetal head, protecting the maternal perineum from
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Episiotomy

Anus

FIG 12-14 Cutting a midline episiotomy.

extensive tearing and preventing subsequent pelvic relaxation. 
However, consistent data since the late 1980s confirm that m id 
lin e  ep is io tom y  does not protect the perineum from further 
tearing, and data do not show that episiotomy improves 
neonatal outcome.128,129 Midline episiotomy was associated 
with a significant increase in third- and fourth-degree lacera
tions in spontaneous vaginal delivery in nulliparous women 
with both spontaneous and operative vaginal delivery.1 
Episiotomy had the highest odds ratio (OR, 3.2; C l, 2.73 to
3.80) for anal sphincter laceration in a large study o f nullipa
rous women when compared with other risk factors, includ
ing forceps delivery.136 Few papers reported that midline 
episiotomy was associated with no difference in fourth-degree 
tears compared with no episiotomy.137 Randomized trials that 
compared routine to indicated use of episiotomy report a 23% 
reduction in perineal lacerations that required repair in the in
dicated group (11% to 35% ).138 Finally, a recent Cochrane 
review o f eight RCTs that compared restrictive to routine use 
of episiotomy showed a significant reduction o f severe peri
neal tears, suturing, and healing complications in the restric
tive group.139 Although the restrictive episiotomy group had a 
significantly higher incidence of anterior tears, no difference 
was found in pain measures between the groups. All of these 
findings were similar whether midline or mediolateral episiot
omy was used. Based on the lack o f consistent evidence that

episiotomy is o f benefit, routine episiotomy has no role in 
modern obstetrics.128,129,139'141 In fact, a recent evidence-based 
review recommended that episiotomy should be avoided if  
possible, based on U.S. Preventive Task Force quality o f evi
dence.68 Based on these data and the ACOG recommenda
tions,141 rates of midline episiotomy have decreased, although 
episiotomies are performed in 10% to 17% of deliveries, 
which suggests that elective episiotomy continues to be per
formed.131' 138 In one study decreasing episiotomy rates from 
87% in 1976 to 10% in 1994 were associated with a parallel 
decrease in the rates of third- or fourth-degree lacerations (9% 
to 4%) and an increase in the incidence of an intact perineum 
(10% to 26% ).131

The relationship o f episiotomy to subsequent pelvic relax
ation and incontinence has been evaluated, and no studies 
suggest that episiotomy reduces risk o f incontinence. Fourth- 
degree tears are clearly associated with future incontinence,142 
and neither m idline nor mediolateral episiotomy is associated 
with a reduction in incontinence.143 No data suggest that 
episiotomy protects the woman from later incontinence; 
therefore avoidance o f fourth-degree tearing should be a 
priority.

If an episiotomy is deemed indicated, the decision of 
which type to perform rests on their individual risks. It does 
appear that mediolateral episiotomy is associated with fewer
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Mediolateral
episiotomy

fourth-degree tears compared with m idline episiotomy.144'146 
However, other studies do not show benefit of mediolateral over 
midline episiotomy for future prolapse.143 Chronic complica
tions such as unsatisfactory cosmetic results and inclusions 
within the scar may be more common with mediolateral episi- 
otomies, and blood loss is greater. Finally, it must be remem
bered that neither episiotomy type has been shown to reduce 
severe perineal tears compared with no episiotomy.

Although there is no role for routine episiotomy, indicated 
episiotomy should be performed in select situations, and provid
ers should receive training in the skill.137 Potential indications 
for episiotomy include the need to expedite delivery in the 
setting of FHR abnormalities or for relief of shoulder dystocia.

ULTRASOUND IN LABOR AND DELIVERY
Ultrasound is a useful adjunct to the clinical examination in 
the peripartum period. Sonographic findings may be used to 
confirm the clinical impression of fetal lie and presentation and 
gestational age when needed. In women with vaginal bleeding, 
ultrasound can identify placental location and rule out placenta

previa prior to a digital examination of the cervix. In women 
with twins, ultrasound estimation of fetal lie and weight are an 
integral component of patient counseling regarding mode of 
delivery for the first and second twin. In women with a breech- 
presenting fetus at term, ultrasound can be used to confirm 
presentation, placental location, and amniotic fluid volume 
prior to patient counseling and performance of a breech version. 
In the third stage of labor, ultrasound may be used to assist with 
removal of the placenta for those with a prolonged third stage 
and/or to better facilitate uterine evacuation during a postpar
tum hemorrhage.

The association between sonographic cervical length (CL) 
at term and labor outcome has also been studied. An evalua
tion of weekly CL measurements between 37 and 40 weeks in 
term nulliparous women found that cervical shortening could 
only be documented in 50% of the participants prior to onset 
of spontaneous labor and that 25% of the participants had a CL 
of more than 30 mm within the last 48 hours prior to delivery.147 
CL measurements obtained between 37 and 38 weeks’ gestation 
were found to have a low sensitivity and negative predictive value 
for spontaneous labor prior to 41 weeks’ gestation. In an
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evaluation of a more ethnically heterogeneous population, 
however, a significant correlation was identified between a single 
CL measurement obtained between 37 and 40 weeks, delivery 
within 7 days, and delivery prior to 41 weeks’ gestation.148 A 
term cervical length of 25 mm had a sensitivity of 77.5%  and 
a negative predictive value 84.7% for spontaneous labor within
7 days. A CL of 30 mm had a sensitivity of 73.1% , specificity 
of 40.7% , and a positive predictive value of 81% for delivery 
prior to 41 weeks’ gestation in the cohort studied.148 Although 
these data are interesting and encouraging, additional studies are 
needed to determine whether term CL evaluation can be used 
as an adjunct to the clinical examination to better distinguish 
those who are most likely to have spontaneous labor between
37 and 40 weeks’ gestation from those who would benefit from 
reassurance and continued expectant management.

An association has been found between cervical parame
ters at term and successful labor induction.14 ,M The likeli
hood of a vaginal delivery following labor induction at term 
depends in part upon maternal parity and the dilation, efface
ment, consistency, and position of the cervix.141 The Bishop 
score is the most commonly used tool for preinduction cervical 
assessment. Although it was initially designed to predict the 
likelihood of vaginal delivery success in multiparous women, 
the Bishop score has been demonstrated to be applicable to 
nulliparous women as well,149'150 although it is limited in that it 
is subjective and has been demonstrated to have significant 
interobserver and intraobserver variability.151'153 For women 
undergoing labor induction, however, a Bishop score of less than 
6 has been reported to be a poor predictor of vaginal delivery 
and labor induction success.151 The length of the cervix, an open 
or closed internal cervical os, and the presence of membranes 
within the endocervical canal (funneling , or wedging) are ultra
sound parameters that provide a more detailed description of 
the cervix, particularly when the external os is closed on digital 
examination. However, data conflict in regard to the association 
between sonographic cervical parameters and the risk of cesarean 
delivery with labor induction.151,154 A meta-analysis155 of 20 
prospective trials that evaluated the association between prein
duction CL and successful labor induction found that a shorter 
CL was associated with successful induction (likelihood ratio of 
a positive test, 1.66; 95% C l, 1.20 to 2.31), and a longer CL 
was associated with a failed induction (likelihood ratio of a nega
tive test, 0.51; 95% C l, 0.39 to 0.67). However, subgroup 
analysis of seven studies found that a specific preinduction CL 
of less than 30 mm was not predictive of vaginal delivery. A 
subgroup analysis of 10 studies found that CL was equivalent 
to Bishop score with regard to prediction of labor induction 
success, route of delivery, vaginal delivery within 24 hours, and 
achievement of the active stage of labor. A more recent meta
analysis156 of 31 studies, including 12 studies published after 
2006, found that in nulliparous women undergoing induction 
of labor, a CL of more than 30 mm best identified those at high 
risk for cesarean delivery, with a sensitivity of 0.70, specificity 
of 0.74, positive likelihood ratio of 2.7, and a negative likelihood 
ratio of 0.40. CL of more than 30 mm performed as well as a 
Bishop score less than 6 with regard to its sensitivity and specific
ity in nulliparous women.150 A long cervix (>30 mm) and the 
absence of funneling were found to approximately double the 
odds of failed induction, whereas a short cervix and funneling 
decreased the odds of failed induction by up to 50%. CL and 
the assessment of wedging (funneling) can be easily performed 
and can provide a more objective description of the cervix;

however, these are of lim ited value. Currently, we do not have 
sufficient evidence that ultrasound parameters should replace the 
clinical examination or that such parameters should be used to 
supplant the indication for induction.

Fetal head position and station during labor are best deter
mined by careful digital pelvic examination. However, evi
dence suggests that depending upon the degree of cervical 
dilation and the presence or absence of caput, an assignment of 
fetal head position may not be possible in up to 61% of patients 
in the first stage and in up to 31% of patients in the second 
stage of labor.157 An OP fetal head presentation and the presence 
of caput can also make determination of fetal position and 
station difficult.158 Several studies reported that during digital 
vaginal examinations in which a fetal head position is clinically 
assigned, the position was only accurate 50% to 60% of the time 
during the first stage and 30% to 40% of the time during the 
second stage compared with ultrasound.158'161 In the second 
stage of labor, determination of the station of the fetal head 
within the pelvis is a sim ilarly challenging clinical parameter to 
assess despite our reliance upon bony pelvic landmarks. In a 
study using a fetal mannequin and a pelvic trainer, it was found 
that mid, low, high, and outlet pelvic classifications were incor
rectly assigned 30% of the time by resident physicians and 34% 
of the time by attending physicians.162

Ultrasound may be considered as an adjunct to the clinical 
examination in the second stage, when head position is difficult 
to assess by palpation because of caput. Sonographic visualiza
tion of the orbits will help to determine the general position of 
the face and occiput within the maternal pelvis. In a study of 
514 term nulliparous women who required second-stage opera
tive vaginal delivery, subjects were randomized to predelivery 
assessment of head position by ultrasound and clinical examina
tion or by clinical examination alone.163 Head position at deliv
ery was incorrectly predicted by clinical examination 20% of the 
time compared with a 1.6% error rate when head position was 
determined by clinical examination and ultrasound (P < .001). 
No statistically significant difference was found between groups 
in the maternal or neonatal outcomes studied. Additional trials 
are needed to determine whether ultrasound-based evaluations 
of fetal position and station have sufficient sensitivity to influ
ence clinical decision making regarding second-stage labor and 
route of delivery.156,158,163,164

KEY POINTS

♦ Labor is a clinical diagnosis that includes regular painful 
uterine contractions and progressive cervical effacement 
and dilation.

♦ The fetus likely plays a key role in determining the onset 
of labor, although the precise mechanism by which this 
occurs is not clear.

♦ Labor has three stages: the first stage is from labor onset 
until full dilation of the cervix, the second stage is from 
full cervical dilation until delivery of the baby, and the 
third stage begins with delivery of the baby and ends 
with delivery of the placenta. The first stage of labor is 
divided into two phases: the first is the latent phase and 
the second is the active phase.

♦ Active labor is diagnosed as the time when the slope of 
cervical change increases, which is more difficult to
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identify in nulliparas and may not occur until at least 
6 cm dilation.

♦ The ability of the fetus to successfully negotiate the 
pelvis during labor and delivery is dependent on the 
complex interaction of three variables: uterine force, 
the fetus, and the maternal pelvis.

♦ Labor length is affected by many variables that include 
parity, epidural use, fetal position, fetal size, and mater
nal BMI.

♦ Upright, rather than recumbent, positioning during 
labor was associated with a significantly shorter first 
stage of labor, less epidural use, and a reduction in the 
risk of cesarean delivery by 30%.

♦ The presence of a labor doula was associated with a 
significant reduction in the use of analgesia, oxytocin, 
and operative vaginal delivery or cesarean delivery and 
an increase in patient satisfaction.

♦ Routine midline episiotomy is associated with a signifi
cant increase in the incidence of severe perineal trauma 
and should be avoided.

♦ Active management of the third stage of labor was asso
ciated with a significant reduction in blood loss greater 
than 1000 mL and therefore a lower risk of maternal 
anemia.

♦ Ultrasound may be a useful adjunct to the clinical exam
ination in the peripartum period.
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OVERVIEW
Labor is the physiologic process by which a fetus is expelled 
from the uterus to the outside world. A switch from contractures 
(long-lasting, low-frequency activity) to contractions (frequent, 
high-intensity, high-frequency activity) occurs before progressive 
cervical effacement and dilation of the cervix and regular uterine 
contractions.1 The tim ing of the switch varies from patient

to patient. The exact trigger for the onset of labor is unknown, 
but considerable evidence suggests that the fetus provides the 
stimulus through complex neuronal-hormonal signaling (see 
Chapter 12).

The mean duration of a human singleton pregnancy is 280 
days or 40 weeks from the first day of the last menstrual period 
assuming a normal 28-day menstrual cycle. In 2012, an Ameri
can College o f Obstetricians and Gynecologists (ACOG) 
and Society for Maternal-Fetal Medicine (SMFM) working 
groupJ convened and recommended that the conventional 
“term” be replaced by the designations early term (37 0/7 to
38 6/7 weeks o f gestation) ,fu ll term (39 0/7 weeks o f gesta
tion to 40 6/7 weeks o f gestation), late term (41 0/7 weeks 
to 41 6/7 weeks o f gestation), and postterm (42 0/7 weeks o f 
gestation and beyond). These new gestational age designations 
are intended to improve data reporting, delivery of health care, 
and research.

DIAGNOSIS
Labor is a clinical diagnosis defined as uterine contractions that 
result in progressive cervical effacement and dilation, often 
accompanied by a bloody discharge referred to as bloody show, 
followed by birth of the baby. The diagnosis of bona fide labor 
is often elusive, and wide variations exist in the clinical spectrum 
of normal labor in addition to many opinions of the definitions 
for normal and abnormal labor progress. To gain an understand
ing of abnormal labor progress and induction of labor, a funda
mental understanding of normal spontaneous labor is needed.

ABNORMAL LABOR AT TERM
The original guidelines for normal human labor progress are de
rived from Friedman’s1 clinical observations of women in labor 
in the 1950s. Friedman characterized a sigmoid pattern for labor 
when graphing cervical dilation against time (Fig. 13-1). He 
divided labor into three functional divisions: preparatory,
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Time (hr)

FIG 13-1 Characteristics of the average cervical dilation curve for nulliparous labor. (Modified from Friedman EA. Labor: clinical evaluation and 
management, 2nd ed. Norwalk, CT, Appleton-Century-Crofts; 1978.)

dilational, and pelvic. The preparatory division is better known 
as the latent phase, during which little cervical dilation occurs 
but considerable changes are taking place in the connective 
tissue components of the cervix, and the dilational division—or 
active phase—is when dilation proceeds at its most rapid rate to 
complete cervical dilation; these two phases together make up

first stage o f  Labor. The pelv ic division, or second stage, o f  labor 
refers to the time of full cervical dilation to the delivery of the 
infant. The third stage o f  labor refers to the time from the delivery 
of the infant to expulsion of the placenta.

Subsequent observations challenge Friedman’s original labor 
curves. Between 1959 and 1966, the National Collaborative 
Perinatal Project (NCPP) prospectively observed labor progres
sion along with several other factors possibly associated with 
cerebral palsy. This large multicenter project gathered data at a 
time when natural labor progress could be evaluated more easily 
than current obstetric practices allow. Using these data, Zhang 
and colleagues3 derived a labor curve from this cohort of women 
and compared it to labor curves from the more recent Consor
tium on Safe Labor (CSL). Differences between these two labor 
curves are apparent, most notably that the nulliparous women 
in the NCPP had a more gradual transition to the active phase 
and that the active phase in the multiparous women began 
around 5 cm dilation (Figs. 13-2 and 13-3). Further, the rate of 
cervical dilation was slower in both nulliparous and multiparous 
women compared with that described by Friedman,1 especially 
from 4 to 6 cm, with an acceleration point that suggests an 
active phase that occurs around 6 cm. Beyond 6 cm, cervical 
dilation was more rapid in multiparous than in nulliparous

4women.
Since the 1960s, maternal characteristics and obstetric prac

tices have changed significantly. Women have an older mean age 
and a higher mean body mass index (BMI), and oxytocin and 
epidural anesthesia are more frequently used,5 all of which can 
affect the length of labor. Yet even after adjusting for maternal

Time (hr)

FIG 13-2 Average labor curves for nulliparas. NCPP, National Collabora
tive Perinatal Project; CSL, Consortium on Safe Labor. (Modified from 
Laughon KS, Branch DW, Beaver J, et al. Changes in labor patterns 
over 50 years. Am J Obstet Gynecol. 2012;206:4-19.e1-e9.)

and obstetric characteristics, the longer overall median differ
ences in the first stage of labor persisted in the more recent data. 
This is likely because of changes in contemporary obstetric prac
tice. Regardless of the differing results of these two investiga
tions, a graduated approach for diagnosis o f labor protraction 
and arrest should be considered based on the level o f cervical 
dilation (Table 13-1).

D is o rd e rs  o f th e  L a te n t Phase
Historically, the first stage of labor has been divided into the 
latent phase and the active phase based on the work by Friedman 
in the 1950s. The onset of latent labor is considered to be the 
point at which regular uterine contractions are perceived. Fried
man found that the mean duration of latent labor was 6.4 hours 
for nulliparas and 4.8 for multiparas, and the 95th percentile
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Chapter 13 Abnormal Labor and Induction of Labor 273

TABLE 13-1 LABOR AT TERM (ZHANG)

CERVICAL
DILATION (CM) PARITY 0 PARITY 1 PARITY 2+

From 3 to 4 1.2 (6.6)
From 4 to 5 0.9 (4.5) 0.7 (3.3) 0.7 (3.5)
From 5 to 6 0.6 (2.6) 0.4 (1.6) 0.4 (1.6)
From 6 to 7 0.5 (1.8) 0.4 (1.2) 0.3 (1.2)
From 7 to 8 0.4 (1.4) 0.3 (0.8) 0.3 (0.7)
From 8 to 9 0.4 (1.3) 0.3 (0.7) 0.2 (0.6)
From 9 to 10 0.4 (1.2) 0.2 (0.5) 0.2 (0.5)
From 4 to 10 3.7 (16.7) 2.4 (13.8) 2.2 (14.2)

Data from Zhang J, Troendle J, Mikolajczyk R, et al. The natural history of the normal 
first stage of labor. O bstet Gynecol. 2010;115(4):705.
Data presented in hours as median (95th percentile).

Time (hr)

FIG 13-3 Average labor curves for multiparas. NCPP, National Collab
orative Perinatal Project; CSL, Consortium on Safe Labor. (Modified 
from Laughon KS, Branch DW, Beaver J, et al. Changes in labor pat
terns over 50 years. Am J Obstet Gynecol. 2012;206:4-19.e1-e9.)

for maximum length in latent labor was 20 hours for nulliparous 
women and 14 hours for multiparous women (Table 13-2). The 
definitions of prolonged latent phase are still based on the data 
from Friedman, and modern investigators have not focused on 
the latent phase of labor.

Because the duration o f latent labor is highly variable, 
even in the setting o f a prolonged latent phase, expectant 
management is appropriate because most women will ulti
mately enter the active phase. Some women can spend days in 
latent labor; provided no indication exists for delivery, awaiting 
active labor is appropriate. W ith few exceptions, women who 
do not enter the active phase will either stop contracting or they 
will achieve the active phase following amniotomy, oxytocin 
administration, or both.

Another option is to administer “therapeutic rest,” especially 
if  contractions are painful or the patient is exhausted, with an 
analgesic agent such as morphine to abate or alleviate painful 
contractions and allow the patient to rest comfortably until 
active labor begins.

D iso rd e rs  o f th e  A c tiv e  Phase
Active labor demarcates a rapid change in cervical dilation. 
Active-phase abnormalities can be divided into either protraction 
disorders (slower progress than normal) or arrest disorders (com
plete cessation of progress). Based on Friedman’s work, the 
active phase begins once cervical dilation progresses at a 
minimum rate o f 1.2 cm/hr for nulliparous women and

TABLE 13-2 PROGRESSION OF SPONTANEOUS LABOR 
AT TERM (FRIEDMAN)

PARAMETER MEDIAN 95TH PERCENTILE

Nulliparas
Total duration 10.1 hr 25.8 hr
Stages:

First 9.7 hr 24.7 hr
Second 33.0 min 117.5 min
Third 5.0 min 30 min

Latent phase (duration) 6.4 hr 20.6 hr
Maximal dilation (rate) 3.0 cm/hr 1.2 cm/hr
Descent (rate) 3.3 cm/hr 1.0 cm/hr
Multiparas
Total duration 6.2 hr 19.5 hr
Stages:

First 8.0 hr 18.8 hr
Second 8.5 min 46.5 min
Third 5.0 min 30 min

Latent phase (duration) 4.8 hr 13.6 hr
Maximal dilation (rate) 5.7 cm/hr 1.5 cm/hr
Descent (rate) 6.6 cm/hr 2.1 cm/hr

Data from Friedman EA. Primigravid labor: a graphicostatistical analysis. Obstet Gynecol. 
1955; 6:567; Friedman EA. Labor in multiparas: a graphicostatistical analysis. Obstet 
Gynecol. 1956;8:691; and Cohen W, Friedman EA (eds). M anagem en t o f  Labor.
Baltimore, University Park Press; 1983.

1.5 cm/hr for multiparous women. Labor is considered pro
tracted if  less than these minimum rates of change are seen. 
Rates of cervical dilation varied greatly in Friedman’s report1 and 
ranged from 1.2 to 6.8 cm/hr.

Active-phase arrest traditionally has been defined as the absence 
of cervical change for 2 hours or more in the presence of ade
quate uterine contractions and cervical dilation of at least 4 cm. 
However, revisions in the definitions of labor progress have been 
made using data from the CSL. The threshold for the active 
phase o f labor is now cervical dilation o f 6 cm. Before this 
dilation is achieved, standards of active-phase progress should 
not be applied. Thus neither a protracted active phase nor arrest 
of dilation should be diagnosed in a nullipara before 6 cm cervi
cal dilation, and the lower lim it of normal active-phase dilation 
is about 0.5 cm/hr rather than the 1.0 or 1.2 cm/hr reported by 
Friedman and others.

Several studies have evaluated the optimal duration of oxyto
cin augmentation in labor protraction or arrest of labor. In a 
study of more than 500 women, Rouse and colleagues6 found 
that extending the minimum period of oxytocin augmentation 
for active-phase labor arrest from 2 to at least 4 hours allowed 
the majority of women who had not progressed at the 2-hour 
mark to deliver vaginally without an adverse effect on neonatal 
outcome. Thus as long as fetal and maternal status are reassuring, 
the diagnosis o f arrest (i.e., no cervical change) in the first 
stage o f labor should be reserved for women at or beyond
6 cm cervical dilation with membrane rupture and one o f the 
following: 4 hours or more o f adequate contractions (e.g., 
more than 200 Montevideo units) or 6 hours or more of 
inadequate contractions.

The most common cause o f a protraction disorder is inad
equate uterine activity. External tocodynamometry is used to 
evaluate the duration of and time interval between contractions 
but cannot be used to evaluate the strength of uterine contrac
tions. The external monitor is held against the abdominal wall 
and records a relative measurement of uterine contraction inten
sity, which reflects the monitor’s movement as the uterine shape 
changes. More precise measurements of uterine activity must be
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obtained with an intrauterine pressure catheter (IUPC). After 
amniotomy, an IUPC can be placed into the uterus to measure 
the pressure generated during a uterine contraction. An 
IUPC is frequently used when inadequate uterine activity is 
suspected owing to a protraction or arrest disorder. It can 
also be used to titrate oxytocin augmentation o f labor to the 
desired effect, particularly when an external monitor cannot 
effectively record contractions. The lower lim it of contraction 
pressure required to dilate the cervix has been observed to be 
15 mm Hg over baseline. Normal spontaneous contractions 
often exert pressures up to 60 mm Hg.

Once inadequate uterine activity is diagnosed with an IUPC 
in the setting of a protraction or arrest disorder, oxytocin is 
usually administered. Typically, the dose is increased until labor 
progresses normally with adequate contractions that occur at 
2- to 3-minute intervals and last 60 to 90 seconds, with a peak 
intrauterine pressure of 50 to 60 mm Hg and a resting tone 
of 10 to 15 mm Hg (i.e., uterine activity equal to 150 to 350 
Montevideo units).

Another common cause of protraction disorders is abnormal 
positioning of the fetal presenting part. Some examples of mal- 
presentation are an extended, rather than flexed, fetal head; brow 
or face presentation; and occiput posterior (OP) position. When 
persistent OP position is present, labor is reported to be pro
longed an average of 1 hour in multiparous women and 2 hours 
in nulliparous women. In one series, sonography showed OP 
position in 35% of women in early active labor, indicating that 
this may contribute to prolongation of labor in many women. 
In another investigation,8 the prevalence of persistent OP posi
tion at the time of vaginal delivery regardless of parity was 5.5% 
(7.2% in nulliparas and 4.0% in multiparas). The OP position 
was found to be associated with longer first and second stages 
and a lower rate of vaginal delivery (26% for nulliparas and 57% 
for multiparas) when compared with the occiput anterior (OA) 
position (74% for nulliparas and 92.3% for multiparas).8 Most 
fetuses in the OP position undergo spontaneous anterior rota
tion during the course of labor, and expectant management is 
generally indicated.

Cephalopelvic disproportion (CPD) refers to the size dispropor
tion of the fetus relative to the mother, and it can be the cause 
of a protraction or arrest disorder. This is a diagnosis of exclusion 
that is often made when a protracted labor course is observed. 
Most frequently, malposition of the fetal presenting part is the 
culprit rather than true CPD. Unfortunately, despite past efforts, 
there is no way to accurately predict CPD. In a decision analy
sis,9 it has been estimated that thousands of unnecessary cesarean 
deliveries would need to be performed in low-risk pregnancies 
to prevent one diagnosis of true CPD.

Evaluation of arrest of the first stage of labor includes an 
assessment of uterine activity with an IUPC; performance of 
clinical pelvimetry; and evaluation of fetal presentation, posi
tion, station, and estimated fetal weight. Amniotomy and oxy
tocin therapy can be initiated if  uterine activity is found to be 
inadequate. The majority of gravidas respond to this interven
tion, resume progression of cervical dilation, and achieve vaginal 
delivery.

Electromechanical Classification
An alternative classification system for disorders of the active 
phase of labor is based on the electromechanical state of the 
uterus and regard uterine tone. This classification reflects an 
understanding of the propagation of electrical signals through

the myometrium. In normal labor, a gradient of myometrial 
activity sweeps from the fundus and propagates toward the 
cervix through the excitation of cellular gap junctions. Hypotonic 
dysfunction reflects an inefficient generation and propagation of 
these action potentials through the myometrium or a lack of 
contractile response of myometrial cells to the initial stimulus. 
Hypotonic uterine contractions are infrequent, of low ampli
tude, and are accompanied by low or normal baseline intrauter
ine pressures. Maternal discomfort is minimal.

Hypertonic dysfunction is primarily a condition of primiparas 
and usually occurs in early labor. It is characterized by the pres
ence of regular uterine contractions that fail to effect cervical 
effacement and dilation. Frequent contractions of low amplitude 
are often associated with an elevated basal intrauterine pressure. 
Maternal discomfort is usually significant. Therapeutic rest or 
expectant management can be initiated in this clinical situation 
if  the patient is in latent labor. W hen diagnosed, the most likely 
scenario is that the patient will soon enter active labor. If the 
patient is in active labor and is found to have hypertonic dys
function, amniotomy can be performed with or without con
comitant oxytocin administration.

Disorders of the Second Stage
The second stage of labor begins once the cervix becomes fully 
dilated and ends with the delivery of the neonate. Although fetal 
descent begins before the cervix becomes fully dilated, the 
majority of fetal descent occurs once full cervical dilation is 
achieved. At this time, maternal expulsion efforts may begin. 
Parity, delayed pushing, use of epidural analgesia, maternal BMI, 
birthweight, OP position, and fetal station at completed dilation 
all have been shown to affect the length of the second stage 
of labor.10

In an effort to define a normal second stage of labor, multiple 
investigators have studied the relationship between the duration 
of the second stage of labor and adverse maternal and neonatal 
outcomes. In one secondary analysis of a multicenter random
ized study of fetal pulse oximetry in which 4126 nulliparous 
women were examined, none of the following outcomes were 
related to the duration of the second stage: 5-minute Apgar score 
of less than 4, umbilical artery pH less than 7, intubation in 
the delivery room, need for admission to the neonatal intensive 
care unit (NICU), or neonatal sepsis.11 Fewer investigators 
have examined the duration of the second stage of labor and the 
relationship to neonatal outcomes in multiparous women. In 
one study of 5158 multiparous women, when second stage 
exceeded 3 hours, the risk of 5-minute Apgar scores of less than 
7, admissions to the NICU, and composite neonatal morbidity 
were all increased.12

W ith appropriate monitoring, however, the absolute risks for 
adverse fetal or neonatal consequences of increasing second-stage 
duration appear to be, at worst, low and incremental. Although 
the risk of a 5-minute Apgar score below 7 and neonatal depres
sion at birth were statistically increased when the second stage 
was longer than 2 hours, in a study of 58,113 multiparous 
women, the absolute risk of these outcomes was low (<1.5%) 
with a second-stage labor duration less than 2 hours, and it did 
not double even with durations greater than 5 hours.13 Given 
the findings in these studies, the absolute permissible maximum 
length of time spent in the second stage of labor has not been 
identified.

Protraction o f  descent is defined as descent of the presenting 
part during the second stage of labor that occurs at less than
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1 cm/hr in nulliparous women and less than 2 cm/hr in mul
tiparous women. Arrest (failure) o f  descent refers to no progress 
in descent. Both diagnoses require evaluation of five factors: 
(1) uterine activity, (2) maternal expulsive efforts, (3) fetal heart 
rate status, (4) fetal position, and (5) clinical pelvimetry. Deci
sions then may be made regarding interventions, such as increas
ing or initiating oxytocin infusion to improve maternal expulsive 
efforts or proceeding with operative vaginal or cesarean delivery. 
Management o f the second stage o f labor can be difficult, and 
decisions regarding intervention must be individualized.

The median duration of the second stage is 50 to 60 minutes 
for nulliparas and 20 to 30 minutes for multiparas, but the range 
of second-stage duration is highly variable.13,14 Janakiraman and 
colleagues compared the second stage in 3139 induced women 
to that of 11,588 women in spontaneous labor. No differences in 
the length of the second stage or in the risk of a prolonged second 
stage were noted between the groups, although the induced nul
liparas appeared to be at increased risk for postpartum hemor
rhage and cesarean delivery (4.2% vs. 2.0% , odds radio [OR] 
1.62; 95% confidence interval [C l], 1.02 to 2.58; and 10.9% vs. 
7.2%, OR 1.32; 95% C l, 1.01 to 1.71, respectively).

In classic obstetric teaching, the upper lim it for the duration 
of the second stage of labor was considered to be 2 hours. In the 
available literature, before diagnosing arrest of labor in the 
second stage— and if  maternal and fetal conditions permit— it 
suggests at least 2 hours of pushing should be allowed with 
multiparous women, and at least 3 hours should be allowed with 
nulliparous women. Longer durations may be appropriate on an 
individualized basis (e.g., with epidural analgesia or with fetal 
malposition) as long as progress is documented.15 The labor 
guidelines from the Eunice Kennedy Shriver National Institute 
of Child Health and Human Development (NICHD)16 suggest 
allowing at least 1 additional hour if  an epidural is present (i.e., 
at least 3 hours in multiparous and at least 4 hours in nulliparous 
women) before diagnosing second-stage arrest. A specific abso
lute maximum length o f time spent in the second stage of 
labor beyond which all women should undergo operative 
delivery has not been identified.

M any authors have studied the perinatal and maternal effects 
of a prolonged second stage. Several studies found no increase 
in infant morbidity or mortality with a second stage lasting 
longer than 2 hours,17 although the rate of vaginal delivery 
decreased after 3 hours in the second stage. However, a recent 
population-based cohort study by Allen and colleagues13 exam
ined 63,404 nulliparous women and found increased risks of 
low 5-minute Apgar score, birth depression, and admission to 
the NICU with increasing duration of the second stage greater 
than 3 hours. This study is the largest thus far to evaluate neo
natal and maternal outcomes with a prolonged second stage. In 
this study, as well as others, evidence shows that maternal 
morbidities— including perineal trauma, chorioamnion- 
itis, instrumental delivery, and postpartum hemorrhage—  
increase with prolonged second stages that last greater than
2 hours.

Disorders of the Third Stage
The third stage of labor is the period from delivery of the infant 
to the expulsion of the placenta. Separation of the placenta is 
the consequence of continued uterine contractions. Signs of 
placental separation include a gush of blood, lengthening of the 
umbilical cord, and change in shape of the uterine fundus from 
discoid to globular with elevation of the fundal height. The

interval between delivery o f the infant and delivery o f the 
placenta and fetal membranes is usually less than 10 minutes 
and is complete within 15 minutes in 95%  o f deliveries.18
The most important risk associated with a prolonged third stage 
is hemorrhage; this risk increases proportionally with increased 
duration.19 Because o f the associated increased incidence 
o f hemorrhage after 30 minutes, most practitioners diagnose 
retained placenta after this time interval has elapsed. Inter
ventions to expedite placental delivery are usually undertaken at 
this point.

Management of the third stage of labor may be expectant or 
active. Expectant management refers to the delivery of the pla
centa without cord clamping, cord traction, or the administra
tion of uterotonic agents such as oxytocin. Active management 
consists of some combination of early cord clamping, controlled 
cord traction, and administration of a uterotonic agent. Oxyto
cin is the usual uterotonic agent given, but others have been 
used, such as misoprostol or other prostaglandin compounds. 
Compared with expectant management o f the third stage, 
active management has been associated with a reduced risk 
of postpartum hemorrhage.2" Cochrane reviewers evaluated 
five trials that comprised 6486 women and compared active and 
expectant management. They confirmed that active manage
ment reduced the risk of maternal hemorrhage (relative risk 
[RR], 0.34; 95% C l, 0.14 to 0.87) but that significant increases 
in maternal diastolic blood pressure, afterpains, and analgesia 
use occurred as well. These adverse events may reflect the side 
effects of the various uterotonic medications used in different 
countries.

Some debate exists regarding the timing of oxytocin admin
istration when active management of the third stage is 
practiced— that is, whether it should be after the placenta has 
delivered or after the anterior shoulder of the fetus has delivered. 
A randomized controlled trial (RCT) that included 1486 women 
compared the effects of oxytocin administration upon delivery 
of the anterior shoulder to administration after delivery of the 
placenta and showed no significant differences in blood loss or 
retained placenta between the groups.21

Retained placenta can usually be treated with measures such 
as manual removal or sharp curettage. Attempting manual 
removal can be performed under regional anesthesia or con
scious sedation. If this is not successful, a sharp curettage can be 
performed under sonographic guidance. Prophylactic broad- 
spectrum antimicrobial agents are often administered when 
manual removal of the placenta is performed, although little 
evidence supports or refutes their use.22

Anesthesia Effects on Labor Progress
Conduction epidural anesthesia’s effect on the rate of cervical 
change remains controversial, (see Chapter 16). Unfortunately, 
RCTs have several limitations, mainly that there cannot be a 
placebo group. Thus multiple randomized trials have investi
gated cesarean delivery rates between women who received epi
dural anesthesia versus those who received systemic analgesia 
in labor. A 2005 Cochrane review23 that involved 20 studies 
reported no increase in cesarean delivery rates between women 
who received epidural anesthesia versus those who received sys
temic analgesia for labor (RR, 1.07; 95% C l, 0.93 to 1.23). A 
more recent meta-analysis24 that involved 15 RCTs and included 
4619 patients also compared the effects of epidural anesthesia 
to parenteral opioids. The incidence of cesarean delivery was the 
same between the groups, although the incidence of operative
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vaginal delivery was increased in the conduction anesthesia 
group [OR, 1.92; 95% C l, 1.52 to 1.22). It has been difficult 
to establish whether this increase in operative vaginal delivery 
was due to a direct effect of the epidural analgesia on the progress 
of labor or an indirect effect, such as greater opportunities for 
resident training. No difference in the duration of the first stage 
was noted; however, the second stage was prolonged by approxi
mately 16 minutes (95% C l, 10 to 23 minutes). This statistically 
significant finding lacks clinical relevance.24

It has also been suggested that receiving epidural anesthesia 
during latent labor, as opposed to during the active phase, results 
in prolongation of the labor. Accordingly, many practitioners 
refrain from administering epidural analgesia until the patient 
reaches 4 cm or more dilation. In one investigation, 12,693 
nulliparas were randomized to receive early epidural analgesia 
(at first request if  cervical dilation was at least 1 cm) or late 
epidural analgesia (parenteral meperidine until cervical dilation 
of 4 cm was achieved). The median cervical dilation at the time 
of epidural placement was 1.6 cm for the early group and 5.1 
for the late group. These researchers found no difference in the 
incidence of cesarean birth, operative vaginal delivery, or length 
of the first or second stages of labor.

MANAGEMENT OF ABNORMAL LABOR 
AND DELIVERY 
Pharmacologic Augmentation
When the first stage of labor is protracted or an arrest disorder 
is diagnosed, an evaluation of uterine activity; clinical pelvim
etry; and fetal position, station, and estimated weight should be 
performed. If uterine activity is found to be suboptimal, the 
most common remedy is oxytocin augmentation. Various oxy
tocin dosing regimens have been described in the obstetric lit
erature. Local protocols for oxytocin administration should 
include the dose of oxytocin being delivered (mU/min) as 
opposed to the volume of fluid being infused (mL/min) and 
should specify initial dose, incremental increases with time, and 
maximum permissible dose. Although oxytocin currently is used 
in a majority of labors in the United States, it is important for 
clinicians to recognize that it is also the medication implicated 
in approximately half of all paid obstetric litigation claims, and 
it is the medication most commonly associated with preventable 
adverse events during childbirth.25

Misoprostol solution given orally has been proposed as an 
alternative augmentation agent. Ho and colleagues26 random
ized 231 women to a solution of 20 (Xg misoprostol, prepared 
by dissolving one 200-[ig tablet of misoprostol in 200 mL tap 
water, or to intravenous (IV) oxytocin. The results of this admit
tedly small study revealed similar rates of vaginal delivery 
between the two groups, and no difference was noted in side 
effects or neonatal outcomes.

Side Effects
One of the advantages of oxytocin administration is that if  
uterine overactivity is encountered, the infusion can quickly 
be stopped, and the half-life o f oxytocin is approximately
3 minutes. The most frequently encountered complication of 
oxytocin or prostaglandin administration is uterine overactivity. 
However, until an NICHD workshop attempted to provide 
standardized nomenclature for uterine activity and electronic 
fetal heart monitoring,27 no uniform definitions existed for 
terms like hyperstimulation and tachysystole. These guidelines

define tachysystole as more than five contractions in 10 minutes 
averaged over a 30-minute window, and they recommend aban
doning the terms hyperstimulation and hypercontractility,27

Because oxytocin is structurally and functionally related to 
vasopressin, one of its side effects is, in rare instances, water 
intoxication and hyponatremia. Historically, bolus injections of 
oxytocin were thought to cause hypotension, and the current 
practice for labor management is administration by infusion 
pump or slow drip. Some investigators28 have suggested that 
a 10-IU bolus of oxytocin given in the third stage of labor is 
not associated with adverse hemodynamic responses compared 
with oxytocin given as an infusion. However, Jonsson and col
leagues found that an IV bolus was associated with ST depres
sions seen on the electrocardiogram. Given that no advantage 
has been found with the use o f IV boluses o f oxytocin, 
and given the potential hemodynamic adverse consequences, 
this form o f administration is not recommended. Finally, 
uterine rupture is rare and in most instances occurs in women 
who have had a prior uterine surgery such as a cesarean delivery 
or myomectomy.

Recent investigations have shed light on the question of 
labor augmentation and induction for women attempting a trial 
of labor after cesarean delivery (TOLAC; see Chapter 20). 
Whereas no randomized trials have been done, a large prospec
tive investigation29 evaluated more than 17,000 women attempt
ing TOLAC. The incidence of uterine rupture was 0.4% for 
those subjects who spontaneously labored versus 0.9% for those 
who received augmentation and 1.0% for subjects who under
went induction. Other complications of attempting TOLAC are 
illustrated in Table 13-3. ACOG currendy recommends the 
use o f oxytocin in augmentation and induction o f women 
undergoing a TOLAC.30

INDUCTION OF LABOR
Induction o f  labor refers to the iatrogenic stimulation of uterine 
contractions before the onset of spontaneous labor to accom
plish vaginal delivery, and it is one of the most commonly 
performed obstetric procedures in the United States.31 Augmen
tation o f  labor refers to increasing the frequency and intensity of 
existing uterine contractions to accomplish vaginal delivery in a 
patient who is in labor but is not progressing adequately.

Indications and Contraindications
Induction of labor should be undertaken when the benefits of 
delivery to either mother or fetus outweigh the risks of preg
nancy continuation.31 M any accepted medical and obstetric 
indications for labor induction exist (Table 13-4). Contraindica
tions include those that preclude vaginal delivery (Table 13-5).

W ith regard to induction of labor versus expectant manage
ment for gestational hypertension or preeclampsia without 
severe features, investigators in the Netherlands performed a trial 
in which 756 patients were randomized to receive induction 
(»  = 377) or expectant monitoring (n -  379). O f women who 
were randomized to induction of labor, 117 (31%) experienced 
poor maternal outcome compared with the 166 (44%) allocated 
to expectant management (RR, 0.71; 95% C l, 0.59 to 0.86; 
P= .0001). No cases of maternal or neonatal death or eclampsia 
were recorded.32 Thus in women with gestational hypertension 
or preeclampsia without severe features, induction of labor is 
associated with improved maternal outcome, and it should be 
advised at 37 weeks’ gestation.
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TABLE 13-3 MATERNAL COMPLICATIONS ASSOCIATED WITH TRIAL OF LABOR AFTER PREVIOUS CESAREAN

COMPLICATION
TRIAL OF LABOR
[N= 17,898)

ELECTIVE REPEATED CESAREAN 
DELIVERY (IV = 15,801)

ODDS RATIO
(95% Cl) P VALUE

Uterine rupture 124 (0.7%) 0 — <.001
Uterine dehiscence 119 (0.7%) 76 (0.5%) 1.38 (1.04-1.85) .03
Hysterectomy 41 (0.2%) 47 (0.3%) 0.77 (0.51-1.17) .22
Thromboembolic disease (DVT, PE) 7 (0.04%) 10 (0.1%) 0.62 (0.24-1.62) .32
Transfusion 304 (1.7%) 158 (1.0%) 1.71 (1.41-2.08) <.001
Endometritis 517 (2.9%) 285 (1.8%) 1.62 (1.40-1.87) <.001
Maternal death 3 (0.02%) 7 (0.04%) 0.38 (0.10-1.46) .21
Other maternal adverse events* 64 (0.4%) 52 (0.3%) 1.09 (0.75-1.57) .66
One or more of the above 978 (5.5%) 563 (3.6%) 1.56 (1.41-1.74) <.001

Data from Landon MB, Hauth JC , Leveno KJ, et al. for the National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Maternal and 
perinatal outcomes associated with a trial of labor after prior cesarean delivery. N  Engl J  Med. 2004;351(25):2581.
*Other adverse events include broad-ligament hematoma, cystotomy, bowel injury, and ureteral injury.
Cl, confidence interval; DVT, deep venous thrombosis; PE, pulmonary embolism.
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TABLE 13-4 ACCEPTED INDICATIONS FOR 
____________ LABOR INDUCTION__________

Hypertensive disorders
• Preeclampsia/eclampsia
• Gestational hypertension 

Maternal medical conditions
• Diabetes mellitus
• Renal disease
• Chronic pulmonary disease
• Cholestasis of pregnancy 

Premature rupture of membranes 
Chorioamnionitis
Abruptio placentae 
Fetal compromise

• Fetal growth restriction
• Isoimmunization
• Nonreassuring antepartum fetal testing
• Oligohydramnios
• Multiple gestations 

Fetal demise (>4l wk)

TABLE 13-5 ACCEPTED ABSOLUTE
CONTRAINDICATIONS TO
LABOR INDUCTION

Prior classic uterine incision or transfundal uterine surgery (other high-risk 
cesarean incision)

Prior uterine rupture 
Active genital herpes infection 
Placenta or vasa previa 
Umbilical cord prolapse 
Transverse or oblique fetal lie
Absolute cephalopelvic disproportion (as in women with pelvic 

deformities)
Category III fetal heart rate tracing____________________________ _____

“Impending” macrosomia, a favorable cervix, patients consid
ered to be at increased risk for preeclampsia (such as having a 
prior history of preeclampsia), or concerns about intrauterine 
growth restriction (e.g., a fetus with an estimated weight at the 
19th percentile) are not accepted medical indications for induc
tion. Additionally, preterm or early-term induction is not medi
cally indicated for maternal anxiety or discomfort related to 
normal pregnancy, previous pregnancy with labor abnormalities 
such as rapid labor or shoulder dystocia, or simply because the 
mother lives far from the hospital. Currently, experts concur that 
elective induction should not be performed before 39 weeks of 
gestation; however, insufficient data are available to recommend 
for or against induction of labor at 39 or more weeks of 
gestation.33

TABLE 13-6 EVALUATION BEFORE INDUCTION
OF LABOR______________________________

CRITERIA

Confirm the indication for induction.
Review contraindications to labor and/or vaginal 

delivery.
Perform clinical pelvimetry to assess the shape and 

adequacy of the bony pelvis.
Assess the cervical condition (assign Bishop score). 
Review risks, benefits, and alternatives of induction of 

labor with the patient.
Confirm gestational age.
Assess the need to document fetal lung maturity status. 
Estimate fetal weight, either by clinical or ultrasound 

examination.
Determine fetal presentation and lie.
Confirm fetal well-being.

Examination of the maternal and fetal condition is required 
before undertaking labor induction (Table 13-6). Indications 
and contraindications for induction should be reviewed along 
with the alternatives. Risks and benefits of labor induction 
should be discussed with the patient, including the risks of 
cesarean delivery (discussed later). Confirmation of gestational 
age is critical, and evaluation of fetal lung maturity status should 
be performed if  indicated (Table 13-7)-31 Fetal weight should be 
estimated, clinical pelvimetry should be performed, and fetal 
presentation should be confirmed; in addition, a cervical exami
nation should be performed and documented, and labor induc
tion should be performed at a location where personnel are 
available who are familiar with the process and its potential 
complications. Uterine activity and electronic fetal monitoring 
(EFM) are recommended for any gravida receiving uterotonic 
medications.

Prolonged Pregnancy
In a joint Committee Opinion,2 the ACOG and SMFM dis
courage the use of the label term pregnancy and instead have 
replaced it with the labels early term, fu l l  term, late term, and 
postterm. Postterm pregnancy (>42 weeks o f gestation) is 
associated with increased risks for the fetus and mother (see 
Chapter 36). According to a large epidemiologic study by Hilder 
and colleagues,14 the perinatal mortality rate—which combines 
stillbirths (fetal death after 20 weeks’ gestation) and early neo
natal deaths (death of a liveborn infant within the first 28 days 
of life)— at greater than 42 weeks of gestation is approximately 
twice that at term (4 to 7 deaths vs. 2 to 3 deaths per 1000

PARAMETER

Maternal

Fetal/neonatal
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TABLE 13-7 CRITERIA FOR CONFIRMATION OF GESTATIONAL AGE AND/OR FETAL PULMONARY MATURITY
PARAMETERS

Confirmation of gestational age Fetal heart tones have been documented as present for >30 weeks by Doppler ultrasound.
At least 36 weeks have elapsed since a positive serum or urine human chorionic gonadotropin pregnancy test. 
Ultrasound measurement at less than 20 weeks’ gestation supports gestational age of 39 weeks or more.

Fetal pulmonary maturity If term gestation cannot be confirmed by two or more of the above obstetric clinical or laboratory criteria, amniotic
fluid analysis can be used to provide evidence of fetal lung maturity. A variety of tests are available. The parameters 
for evidence of fetal pulmonary maturity include:

1. Lecithin/sphingomyelin (L/S) ratio greater than 2.1
2. Presence of phosphatidylglycerol
3. TDx-FLM assay shows >70 mg surfactant per gram of albumin
4. Presence of saturated phosphatidylcholine (SPC) 500 ng/mL or more in nondiabetic patients (>1000 ng/mL for

pregestational diabetic patients)
5. Lamellar body count exceeds 30,000/flL

Data from Induction of Labor. ACOG Practice Bulletin No 107. American College of Obstetricians and Gynecologists. Obstet Gynecol. 2009; 114:386; and Fetal Lung Maturity. ACOG
Practice Bulletin No. 97. American College of Obstetricians and Gynecologists. Obstet Gynecol. 2008; 112:717.

deliveries) and increases more than sixfold at 43 weeks of gesta
tion and beyond.

Two more recent studies35,36 consisted of prospective cohort 
evaluations of singleton pregnancies based on ultrasound dating. 
Nakling and Backe35 found the incidence of postterm pregnan
cies to be 7.6% in the cohort, with 0.3% of pregnancies pro
gressing to 301 days (43 weeks’ gestation) if  inductions were not 
permitted prior to 43 weeks. This investigation found a signifi
cantly increased rate of perinatal mortality after 41 weeks’ gesta
tion. In contrast, Heimstad and colleagues3 found an increased 
trend toward intrauterine fetal demise at 42 weeks’ gestation 
compared with that at 38 weeks, but this study allowed induc
tions prior to 43 weeks and did not calculate the perinatal 
mortality rates. Factors that may contribute to the increased rate 
of perinatal deaths are uteroplacental insufficiency, meconium 
aspiration, intrauterine growth restriction (IUGR), and intra
uterine infection.37 For these reasons, common practice has been 
to deliver patients by 42 0/7 weeks.

Postterm pregnancy is also associated with increased risks for 
the pregnant woman, including an increase in labor dystocia 
(9% to 12% vs. 2% to 7% at term) and an increase in severe 
perineal injury (3.3% vs. 2.6% at term).36'38 40

Overall, comparisons of induction of labor to expectant man
agement in observational studies have found no difference in, 
or a decreased risk of, cesarean delivery among women who are 
induced.41-44 This is also true for women with an unfavorable 
cervix.45 For example, a meta-analysis revealed that women at 
less than 42 0/7 weeks’ gestation who underwent induction of 
labor had a lower cesarean section delivery rate than those who 
received expectant management.46 In this meta-analysis, 11 
RCTs and 25 observational studies were included and overall, 
expectant management of pregnancy was associated with a 
higher odds of cesarean delivery than was induction of labor 
(OR, 1.22; 95% C l, 1.07 to 1.39). Also, in a 2012 Cochrane 
meta-analysis of three smaller studies of induction of labor at 
41 0/7 weeks, a reduction in the rate of cesarean delivery was 
demonstrated.47 Thus the evidence base suggests that labor 
inductions at 41 0/7 weeks should be performed to reduce the 
risk of cesarean delivery and the risk of perinatal morbidity and 
mortality.

Elective Induction of Labor
The rate of induction of labor more than doubled from 1990 
through 2010, from 9.6% to 23.8%. Induction rates were at 
least twice as high in 2010 compared with 1990 for women at

all gestational ages except for those in the post term, whose rate 
of induction rose 90%. 8 Reasons for the general increase over 
time in inductions include the availability of better cervical 
ripening agents, patient and provider desire for a more conve
nient time of delivery, and more acceptance of a variety of 
indications for induction. Nevertheless, the overall induction 
rate declined slightly in 2011, to 23.7% (from 23.8%  in 2010), 
and then it declined again in 2012, to 23.3%.48 Induction rates 
were lower for all gestational age categories.

Elective induction o f labor refers to the initiation o f labor 
for convenience in an individual with a term pregnancy who 
is free o f medical or obstetric indications. Although elective 
induction at or after 39 weeks of gestation is not recommended 
or encouraged, it may be appropriate in specific instances, such 
as for women with a history of very short labors or those who 
live a great distance from the hospital.31 Also, a patient who 
has experienced a prior stillbirth at or near term may request 
labor induction to ease anxiety and fears about the loss of a 
subsequent pregnancy. In addition, certain maternal medical 
conditions require multispecialty participation, in which the 
benefit of a planned delivery in order to have experienced per
sonnel readily available is most appropriate, such as when a fetal 
anomaly is present.

Some concerns have been raised that induction of labor 
increases the rate of cesarean delivery and increases health care 
costs. Seyb and colleagues noted in their investigation that the 
mean time spent on labor and delivery was almost twice as long, 
and postpartum stays were prolonged for those induced. The 
total cost associated with hospitalization for elective induction 
was also 17.4% higher than for those in spontaneous labor. 
These findings were confirmed in investigations by Maslow and 
Sweeney and Cammu and colleagues.1*9

However, these results are based on the faulty comparison of 
women who are induced with those in spontaneous labor.40 In 
fact, most observational studies that compare induction of labor 
to expectant management—which is the actual clinical alterna
tive to labor induction— have found either no difference or a 
decreased risk of cesarean delivery among women who are 
induced.41 Because these studies are retrospective in nature, they 
should be interpreted with caution.

In addition, several RCTs have been recently undertaken. In 
a meta-analysis by Caughey and colleagues,46 nine RCTs were 
evaluated. These trials utilized patients undergoing expectant 
management, rather than spontaneous labor, as the comparison 
group for the patients being electively induced, and the
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meta-analysis revealed a decreased risk of cesarean delivery in 
the induction group compared with the group managed expec
tantly (RR, 1.17; 95% C l, 1.05 to 1.29). Similarly, Cochrane 
reviewers50 examined 19 trials that included 7984 women and 
found that women induced at 37 to 40 completed weeks were 
less likely to have a cesarean delivery than those in the expectant 
management group (RR, 0.58; 95% C l, 0.34 to 0.99). Caughey 
and colleagues51 also examined the risk of cesarean delivery for 
each week of gestational age ranging from 38 to 41 weeks. In 
their retrospective study, which again compared induction to 
expectant management, cesarean delivery was decreased in the 
induction groups.

W ith regard to perinatal outcomes, it appears that compared 
with infants who undergo spontaneous labor, fewer electively 
induced infants have meconium passage and therefore likely 
have a reduced incidence of meconium aspiration syndrome.46 
Macrosomia also may be reduced, as noted in an ecological study 
performed by Zhang and colleagues.52 This study revealed that 
the increased induction rate between 1992 and 2003 (14% to 
27%) was significantly associated with reduced mean fetal birth 
weight (r — —0.54; 95% C l, —0.71 to —0.29) and rate of mac
rosomia (r — —0.55; 95% C l, -0 .7 4  to —0.32).

The risk of respiratory morbidity associated with labor 
induction was illustrated in a retrospective review of infants 
admitted to the NICU following elective delivery at term.53 
These results support delaying elective delivery until 39 weeks’ 
gestation (Table 13-8). In further support of these findings, 
Clark and colleagues54 performed a prospective observational 
study of 27 hospitals that included 17,794 deliveries. O f these, 
14,955 (84%) occurred at 37 weeks or greater; 6562 (44%) of 
them were planned deliveries, rather than spontaneous. Among 
the planned deliveries, 4645 (71%) were elective. The percent
age of the electively delivered infants admitted to the NICU was 
17.8% (n = 43) at 37 to 38 weeks, 8% (n — 118) at 38 to 39 
weeks, and 4.6%  (n = 135) at 39 weeks. These studies reiterate 
the importance of considering neonatal morbidity with elective 
induction prior to 39 weeks’ gestation. After 39 weeks, however, 
one study55 has suggested that infants of electively induced 
mothers were less likely to receive ventilatory support, become 
septic, or be admitted to the NICU.

One other concern regarding elective induction is the cost. 
Kaufman and colleagues56 studied the economic consequences 
of elective induction of labor at term. Using decision analysis, 
these researchers examined a hypothetic cohort of 100,000 preg
nant patients for whom an initial decision was made to either

TABLE 13-8 NEONATAL RESPIRATORY MORBIDITY

GESTATIONAL
FREQUENCY OF NICU 
ADMISSION PER ODDS RATIO

AGE (WEEKS) 1000 DELIVERIES (95% Cl)

After Vaginal Delivery
37 0/7 to 37 6/7 12.6 (7.6-19.6) 2.5 (1.5-4.2)
38 0/7 to 38 6/7 7.0 (4.6-10.2) 1.4 (0.8-2.2)
39 0/7 to 39 6/7 3.2 (1.8-4.5) 0.6 (0.4-1.0)
After Cesarean Delivery
37 0/7 to 37 6/7 57.7 (26.7-107.1) 11.2 (5.4-13.1)
38 0/7 to 38 6/7 9.4 (1.9-27.2) 1.8 (0.6-5.9)
39 0/7 to 39 6/7 16.2 (5.9-35.5) 3.2 (1.4-7.4)

Morrison JJ, Rennie JM , Milton PJ. Neonatal respiratory morbidity and mode of 
delivery at term: influence o f  timing of elective caesarean section. Br J  Obstet Gynaecol. 
1995;102:101.
Cl, confidence interval; NICU, neonatal intensive care unit.

induce labor at 39 weeks or follow the patient expectantly 
through the remainder of the pregnancy. All patients in this 
model underwent induction at 42 weeks’ gestation if they were 
not yet delivered. Using baseline estimates, the investigators 
concluded that elective induction would result in more than
12,000 excess cesarean deliveries and would impose an annual 
cost to the medical system of nearly $100 million. A policy of 
induction at any gestational age, regardless of parity or cervical 
ripeness, requires economic expenditures by the medical system. 
Although they never were cost saving, inductions in this study 
were less expensive at later gestational ages, for multiparous 
patients, and for those women with a favorable cervix. The 
inductions most costly to the health care system were those 
performed in nulliparas with unfavorable cervices at 39 weeks. 
That said, this model incorporated the assumption that labor 
induction increased the risk of cesarean delivery. When all 
outpatient and inpatient costs are considered, it remains uncer
tain whether labor induction is more costly than expectant 
management.

Prediction of Labor Induction Success
In observational studies, characteristics associated with success
ful induction include multiparity, tall stature (over 5 feet 5 
inches), nonobese maternal weight or BMI, and infant birth
weight less than 3.5 kg.53,57 However, these characteristics are 
predictive of success even in spontaneous labors. Success can 
vary widely depending on the characteristics of the population 
being induced (e.g., intact or ruptured membranes, parity, base
line cervical exam), induction methods, and choice of end points 
(delivery within 24 or 48 hr, dose/duration of oxytocin infusion, 
route of delivery, and maternal and neonatal morbidity).

Some researchers58 have tried to identify, with varying success, 
biochemical and biophysical assays to predict the probability of 
vaginal delivery following labor induction. These measures 
include digital evaluation of the cervix, ultrasonographic cervical 
length measurements, and use of fetal fibronectin before labor 
induction.

Cervical status is one o f the most important factors for 
predicting the likelihood o f success in induction o f labor. The
modified Bishop score is the system most commonly used in 
clinical practice in the United States to evaluate the cervix prior 
to induction. This system tabulates a score based upon the 
station of the presenting part and four characteristics of the 
cervix: (1) dilation, (2) effacement, (3) consistency, and (4) posi
tion (Table 13-9).59 If the Bishop score is high, variously defined 
but often considered to be a score of 8 or higher, the likelihood 
of vaginal delivery is similar whether labor is spontaneous or 
induced.60 In contrast, a low Bishop score, variously defined but

TABLE 13-9 MODIFIED BISHOP SCORE
SCORE

PARAMETER 0 1 2 3

Dilation (cm) Closed 1-2 3-4 >5
Effacement (%) 0-30 40-50 60-70 >80
Length* (cm) >4 2-4 1-2 1-2
Station -3 -2 -1  or 0 +1 or +2
Consistency Firm Medium Soft
Cervical position Posterior Midposition Anterior

From Bishop EH. Pelvic scoring for elective induction. Obstet Gynecol. 1964;24:266. 
*Modification by Calder AA, Brennand JE. Labor and normal delivery: induction of 
labor. Curr Opin Obstet Gynecol. 1991 ;3:764. This modification replaces percent 
effacement as one of the parameters of the Bishop score.
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often considered to be 6 or lower, increases the likelihood that 
induction will fail to result in vaginal delivery.31 These relation
ships are stronger in nulliparous women.61'62 As an example, a 
study61 of 4635 spontaneous and 2647 induced labors in nul
liparous women at term reported that the cesarean delivery rates 
were almost doubled for women with induced labors with 
Bishop scores below 5 compared with those with Bishop scores 
of 5 or higher (32% vs. 18%). O f note, the relationship between 
a low Bishop score and failed induction, prolonged labor, and a 
high cesarean birth rate was first described prior to widespread 
use of cervical ripening agents.63 However, this relationship has 
persisted even after introduction of these agents.

Sonographic assessment of cervical length for predicting the 
outcome of labor induction has been evaluated in numerous 
studies. A systematic review64 of 20 prospective studies found 
that short cervical length was associated with successful induc
tion (likelihood ratio of a positive test, 1.66; 95% C l, 1.20 to 
2.31) and failed induction (likelihood ratio of a negative test, 
0.51; 95% C l, 0.39 to 0.67). The results of the study are limited 
by the fact that the trials that were included used different cervi
cal length cutoff values (16.5 to 35 mm). Additionally, subgroup 
analysis on the seven trials that used a cervical length cutoff of 
30 mm demonstrated that cervical length did not accurately 
predict any single specific outcome. Sonographic cervical length 
performed poorly for predicting vaginal delivery within 24 hours 
(sensitivity 59%, specificity 65%), vaginal delivery (sensitivity 
67%, specificity 58%), or achievement of active labor (sensitiv
ity 57%, specificity 60%), and it did not perform significantly 
better than the Bishop score for predicting a successful induc
tion. In another systematic review65 of 31 prospective studies 
that comprised 5029 women, cervical length did not perform 
better than Bishop score for predicting a successful induction. 
Thus the role o f ultrasound examination as a tool for select
ing women likely to have a successful induction is uncertain, 
and more data are needed before this test can be recom
mended in choosing candidates for induction.

The presence of an elevated fetal fibronectin (fFN) concentra
tion in cervicovaginal secretions also has been used to try to 
predict success of induction, and fFN is thought to represent a 
disruption or inflammation of the chorionic-decidual interface. 
In some studies,66 women with a positive fFN result had a sig
nificantly shorter interval before delivery than those with a nega
tive fFN result, and a reduction was seen in the frequency of 
cesarean delivery. However, other investigations67 have not con
firmed these findings.

Bailit and colleagues68 used a decision analysis to determine 
whether the vaginal delivery rate is increased in nulliparous 
women who undergo elective labor induction following fFN 
testing. In this model, three management strategies were evalu
ated: (1) no elective induction of labor for any candidate until
41 weeks’ gestation (expectant management), (2) induction only 
of those patients with a positive fFN result at 39 weeks, and (3) 
elective induction for every woman at 39 weeks’ gestation 
without performance of an fFN test. These investigators found 
that the expectant management strategy had the highest rate of 
vaginal delivery, and they concluded that the best approach to 
improve vaginal delivery rates was to avoid elective induction in 
nulliparous women.

Thus the role of fFN testing as a tool for selecting women 
likely to have a successful induction is uncertain. More data are 
needed before this test can be recommended for choosing can
didates for induction.

TABLE 13-10 METHODS OF CERVICAL RIPENING
PHARMACOLOGIC MECHANICAL

Oxytocin Membrane stripping
Prostaglandins Amniotomy

• E2 (dinoprostone, Mechanical dilators
Prepidil gel and Cervidil • Laminaria tents
time-released vaginal • Dilapan
insert) • Lamicel

• Ej (misoprostol) • Transcervical balloon catheters
Estrogen • With extraamniotic saline
Relaxin infusion
Hyaluronic acid • With concomitant oxytocin
Progesterone receptor antagonists administration

Cervical Ripening
As discussed earlier, the condition of the cervix greatly influences 
the success of inducing labor. Cervical ripening is a complex 
process that results in physical softening and distensibility of 
the cervix and ultimately leads to partial cervical effacement 
and dilation.69 Remodeling of the cervix involves enzymatic 
dissolution of collagen fibrils, increase in water content, and 
chemical changes. These changes are induced by hormones 
(estrogen, progesterone, relaxin), cytokines, prostaglandin, and 
nitric oxide synthesis enzymes.69 Cervical ripening methods fall 
into two main categories: pharmacologic and mechanical (Table
13-10). Because the state o f the cervix plays such a crucial 
role in labor induction, a cervical examination is essential 
before determining which, i f  any, method to use for labor 
induction.

Failed Induction
Vaginal delivery is the goal of the induction process; however, 
this occurs less often than when women labor spontaneously. It 
is important for the clinician to recall that cervical ripening itself 
can take some time, and that the development of an active labor 
pattern should be achieved prior to the determination that the 
induction has failed. No universal standard exists for what 
constitutes a failed induction. The key principle is to allow 
adequate time for cervical ripening and development of active 
labor before diagnosing a failed induction. The importance of 
allowing enough time to progress from the latent phase of labor 
to the active phase is illustrated by a number of reports.

In one large prospective study,60 the mean duration of the 
latent phase of labor— defined as the interval from initiation of 
induction with either prostaglandins or oxytocin to a cervical 
dilation of 4 cm— in women with a Bishop score of 0 to 3 was 
12 hours in multiparas and 16 hours in nulliparas. In another 
study,70 requiring a m inimum of 12 hours o f oxytocin adminis
tration after membrane rupture before diagnosing failed labor 
induction led to vaginal deliveries in 75% of nulliparas and 
eliminated failed labor induction as an indication for cesarean 
delivery in parous women. A third series71 found that 73% of 
women who ultimately delivered vaginally had a latent phase of 
up to 18 hours. Latent phase was defined as the interval from 
initiation of oxytocin or amniotomy to the beginning of the 
active phase (i.e., cervical dilation of 4 cm with 80% effacement 
or 5 cm dilation).

In a retrospective cohort study,72 the duration of the first 
stage—defined as cervical dilation from 4 to 10 cm—was sig
nificantly longer in induced labor than in spontaneous labor: 
the median (95th percentile) for induced versus spontaneous 
labor in nulliparas was 5.5 hours (16.8 hr) versus 3.8 hours
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(11.8 hours); and for multiparas, it was 4.4 hours (16.2 hours) 
versus 2.4 hours (8.8 hours). Although the short (<1 hour) 
active phase, defined as cervical dilation from 6 to 10 cm, was 
similar for induced and spontaneous labors, each centimeter of 
dilation between 3 and 5 cm could take 8 to 10 hours (95th 
percentile) in induced labor, and dilating from 5 to 6 cm could 
take 4 to 6 hours (95th percentile).

The workshop convened by the NICHD, SMFM, and 
ACOG16 proposed that fa i led  induction be defined as failure to 
generate regular contractions approximately every 3 minutes 
and failure of the cervix to change after at least 24 hours of 
oxytocin administration. If safe and feasible, membranes should 
also be artificially ruptured. O f note, the time for cervical ripen
ing is not included in calculating the length of induction or 
diagnosing a failed induction.

Lin and Rouse73 proposed that fa i led  induction  be defined as 
the inability to achieve cervical dilation of 4 cm and 80% efface
ment or 5 cm (regardless of effacement) after a m inimum of 12 
to 18 hours of both oxytocin administration and membrane 
rupture. They also specified that uterine contractile activity 
should reach five contractions in 10 minutes or 250 Montevideo 
units, which is the m inimum level achieved by most women 
whose labor is progressing normally.

Beckman74 evaluated a group of 978 nulliparous women after 
either artificial or spontaneous rupture of membranes to deter
mine factors that could predict failed induction. After mem
brane rupture and 10 hours of oxytocin administration, the 
8% of women not in the active phase of labor had an approxi
mately 75% chance of being delivered by cesarean section for 
failed induction; after 12 hours of oxytocin administration, the 
chance of cesarean delivery was almost 90%. Multivariate analy
sis showed that short maternal stature and use of pharmacologic 
or mechanical methods of cervical ripening contributed to an 
increased probability of cesarean delivery. Similarly, a linear rela
tionship was found between lack of cervical dilation and cesar
ean delivery. The authors concluded that the continuation of 
oxytocin after amniotomy for women who had not yet reached 
at least 4 cm dilation was not unreasonable, but that beyond 12 
hours, the benefit was unclear.

Membrane rupture and oxytocin administration should 
in most cases be a prerequisite before diagnosis o f failed 
induction o f labor. Additionally, experts have proposed 
waiting at least 24 hours in the setting o f both oxytocin 
and ruptured membranes before diagnosing failed induction 
o f labor.16

TECHNIQUES FOR CERVICAL RIPENING 
AND LABOR INDUCTION 
Oxytocin
Oxytocin is a polypeptide hormone produced in the hypothala
mus and secreted from the posterior lobe of the pituitary gland 
in a pulsatile fashion. It is identical to its synthetic analogue, 
which is among the most potent uterotonic agents known. 
Synthetic oxytocin is an effective means of labor induction.75 
Exogenous oxytocin administration produces periodic uterine 
contractions first demonstrable at approximately 20 weeks’ ges
tation, with increasing responsiveness with advancing gestational 
age primarily due to an increase in myometrial oxytocin binding 
sites. Little change occurs in myometrial sensitivity to oxytocin 
from 34 weeks to term; however, once spontaneous labor 
begins, the uterine sensitivity to oxytocin increases rapidly.

This physiologic mechanism makes oxytocin more effective 
in augmenting labor than in inducing it, and it is even less 
successful as a cervical ripening agent.

Oxytocin is most often given intravenously. It cannot be given 
orally because the polypeptide is degraded to small, inactive 
forms by gastrointestinal enzymes. The plasma half-life is 
short, estimated at 3 to 6 minutes, and steady-state concen
trations are reached within 30 to 40 minutes o f initiation or 
dose change. Synthetic oxytocin is generally diluted by 
placing 10 units in 1000 mL o f an isotonic solution, such as 
normal saline, yielding an oxytocin concentration o f 10 mU/ 
mL. It is given by infusion pump to allow continuous, precise 
control o f the dose administered.

Although oxytocin is an effective means of labor induction in 
women with a favorable cervix, as noted earlier, it is less effective 
as a cervical ripening agent. M any RCTs that have compared 
oxytocin with various prostaglandin (PG) formulations and 
other methods of cervical ripening confirm this observation. 
Lyndrup and colleagues compared the efficacy of labor induc
tion with vaginal PGE2 with continuous oxytocin infusion in 
91 women with an unfavorable cervix (Bishop score <6). They 
found PGE2 more efficacious for labor induction with fewer 
women undelivered at 24 hours. However, they also found no 
difference in vaginal delivery rates after 48 hours between the 
two groups. In a larger study that involved 200 women with an 
unfavorable cervix undergoing labor induction, vaginally applied 
PGE2 was compared with continuous oxytocin infusion. These 
investigators found a shorter time interval to active labor, a 
significantly greater change in Bishop score, fewer failed induc
tions, and fewer multiple-day inductions with PGE2 compared 
with oxytocin. No difference in the rate of cesarean delivery was 
found between the groups overall. In a Cochrane review75 of 110 
trials that included more than 11,000 women and compared 
oxytocin with any vaginal PG formulation for labor induction, 
oxytocin alone was associated with an increase in unsuccessful 
vaginal delivery within 24 hours (52% vs. 28%; RR, 1.85; 95% 
C l, 1.41 to 2.43). No difference was found in the rate of cesar
ean delivery between the groups. When intracervical PGs were 
compared with oxytocin alone for labor induction, oxytocin 
alone was associated with an increase in unsuccessful vaginal 
delivery within 24 hours (51% vs. 35%; RR, 1.49; 95% C l, 
1.12 to 1.99) and an increase in cesarean delivery (19% vs. 13%; 
RR, 1.42; 95% C l, 1.11 to 1.82).

In the setting of premature rupture o f  membranes (PROM) 
at term, defined as rupture of membranes before the onset of 
labor, labor induction is recommended if  spontaneous labor 
does not ensue within a certain amount of time because as the 
time between rupture of membranes and the onset of labor 
increases, so may the risk of maternal and fetal infection.76 
A series of systematic reviews examined the outcomes of preg
nancies with PROM at or near term. 6 One trial accounts 
for most of the patients included in the analysis. Hannah and 
colleagues studied 5041 women with PROM at term. Subjects 
were randomly assigned to receive IV oxytocin, vaginal PGE2 
gel, or expectant management for up to 4 days. Those random
ized to the expectant management group were induced if com
plications such as chorioamnionitis developed. The rates of 
neonatal infection and cesarean delivery were not statistically 
different between the groups. Rates of clinical chorioamnionitis 
were lower in the group that received IV oxytocin. When 
Cochrane reviewers 5 compared oxytocin alone with vaginal PGs 
in 14 trials for labor induction after PROM, both medications
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TABLE 13-11 LABOR STIMULATION WITH OXYTOCIN: 
EXAMPLES OF LOW- AND HIGH-DOSE 
OXYTOCIN DOSING REGIMENS

STARTING INCREMENTAL DOSAGE
DOSE INCREASE INTERVAL

REGIMEN (mU/MIN) (mU/MIN) (MIN)

Low dose 0.5-1.0 1 30-40
Alternative 1-2 2 15-30

low dose
High dose 6 6* 15-40
Alternative 4 4 15

high dose

From Induction of Labor. ACOG Practice Bulletin No 107. American College of 
Obstetricians and Gynecologists. Obstet Gynecol. 2009; 114:386.
*The incremental increase should be reduced to 3 mU/min if  tachysystole is present and 
should be reduced to 1 mU/min for recurrent tachysystole.

were found to be equally efficacious. Thus both can be used in 
this clinical setting.

The optimal regimen for oxytocin administration is debat
able, although success rates for varying protocols are similar. 
Protocols differ as to the initial dose, incremental time period, 
and steady-state dose (Table 13-11).31 A maximum oxytocin 
dose has not been established, but most protocols do not exceed
42 mU/min.

Low-dose protocols mimic endogenous maternal physiol
ogy and are associated with lower rates o f uterine tachysys
tole. Low-dose oxytocin is initiated at 0.5 to 1 mU and is 
increased by 1 mU/min at 30- to 40-minute intervals. An alter
native low dose begins at 1 to 2 mU/min increased by 2 m lJ/ 
min with shorter incremental time intervals of 15 to 30 minutes.

High-dose oxytocin regimens are often used in active manage
ment of labor protocols. These regimens are largely used for 
labor augmentation, rather than for labor induction, and often 
start with an initial oxytocin dose of 6 mU/min that is increased 
by 6 mU/min at 15- to 40-minute intervals or start at 4 mU/ 
min with 4 mU/min incremental increases every 15 minutes. A 
prospective study78 that involved nearly 5000 women at Park
land Hospital compared low- and high-dose oxytocin regimens 
for labor induction, and augmentation was undertaken. The 
high-dose protocol provided for reduction of the dosage to
3 mU/min in the presence of uterine tachysystole. The results 
indicated that subjects given the high-dose regimen had a sig
nificantly shorter mean admission to delivery time, fewer failed 
inductions, fewer forceps deliveries, fewer cesarean deliveries for 
failure to progress, less chorioamnionitis, and less neonatal sepsis 
than subjects given the low-dose regimen. Notably, these sub
jects had a higher rate of cesarean delivery performed for “fetal 
distress,” but no differences in neonatal outcomes were noted. 
Merrill and Zlatnik79 conducted a randomized, double-blind 
trial that included 1307 patients and compared high-dose oxy
tocin (4.5 mU/min initially increased by 4.5 mU/min every 
30 minutes) with a low-dose regimen (1.5 mU/min initially, 
increased by 1.5 mU/min every 30 minutes) for augmentation 
and induction of labor. Oxytocin solutions were prepared by a 
central pharmacy, and infusion volumes were identical to ensure 
double masking. In the group that received high-dose oxytocin, 
labor was significantly shortened whether the drug was used for 
induction (8.5 vs. 10.5 hours, P < .001) or for augmentation 
(4.4 vs. 5.1 hours, P= .3). No significant difference was reported 
in the rates of cesarean delivery between the two regimens (15% 
vs. 11.3%, P — .17). However, more decreases or discontinua
tions of oxytocin were seen in the high-dose group both for

TABLE 13-12 STANDARDIZED OXYTOCIN REGIMEN

1. Dilution: 10 U oxytocin in 1000 mL normal saline for a resultant 
concentration of 10 mU oxytocin/mL

2. Infusion rate: initial dose 2 mU/min (infusion rate 12 mL/hr)
3. Incremental increase: 2 mU/min or 12 mL/hr every 45 min until 

contraction frequency is adequate
4. Maximum dose: 16 mU/min or 96 mL/hr

From Hayes EJ, Weinstein L. Improving patient safety and uniformity of care by a 
standardized regimen for the use of oxytocin. Am J  Obstet Gynecol. 2008;198(6):622.el-7. 
Epub 2008 Mar 20.

uterine tachysystole and fetal heart rate abnormalities, yet neo
natal outcomes were observed to be similar in both groups.

Satin and colleagues78 studied the differences in outcomes 
when oxytocin was used to augment, as opposed to induce, labor. 
The low-dose regimen consisted of a starting dose of 1 mU/min 
with incremental increases of 1 mU/min at 20-m in intervals 
until 8 mU/min then 2 mU/min increases up to a maximum of 
20 mU/min. The high-dose regimen consisted of a starting dose 
of 6 mU/min with increases of 6 mU/min at 20-minute inter
vals up to a maximum dose of 42 mU/min. Labor augmentation 
was more than 3 hours shorter in the high-dose group, and 
high-dose augmentation resulted in fewer cesarean deliveries for 
labor dystocia and fewer failed inductions when compared with 
the low-dose regimen. A literature review of randomized clinical 
trials of high- versus low-dose oxytocin regimens published from 
1966 to 2003 revealed that high-dose oxytocin decreased the 
time from admission to vaginal delivery but did not decrease the 
incidence of cesarean delivery compared with low-dose therapy. 
The only double-blinded randomized trial that has been pub
lished had similar findings.79 In a 2014 Cochrane review of nine 
trials, high-dose oxytocin reduced the induction to delivery 
interval in high-quality trials but did not decrease the frequency 
of cesarean delivery compared with a low-dose regimen. In this 
review, high-dose regimens were associated with a higher rate of 
tachysystole, with similar maternal and neonatal complications 
in both regimens.

Oxytocin Dosing Intervals and Protocols
Several experts have suggested that implementation of a stan
dardized protocol is desirable to minimize errors in oxytocin 
administration.80'82 Clark and colleagues82 implemented an oxy
tocin checklist-based protocol at a tertiary facility and evaluated 
outcomes in 100 women prior to utilization of the protocol 
versus another 100 women after the protocol was put into prac
tice. In the checklist-managed group, the maximum dose 
of oxytocin used to achieve delivery was significantly lower. 
No differences were noted before or after the protocol in the 
length of labor, total time of oxytocin administration, or rate of 
operative vaginal or abdominal delivery. W hen the protocol was 
then implemented throughout the Hospital Corporation of 
America system (125 obstetric facilities in 20 states), the rate of 
cesarean delivery decreased from 23.6%  to 21.0% , and Apgar 
scores below 8 and newborn complications requiring NICU 
admission also decreased. Hayes and Weinstein80 defined a stan
dardized protocol for oxytocin administration based on a litera
ture review and also described the specific pharmacokinetics of 
oxytocin (Table 13-12). However, at this time, no protocol has 
demonstrated its superiority in both efficacy and safety over 
another.

Limited data are available to guide how long the oxytocin 
infusion should be maintained once an adequate contraction 
pattern has been achieved. One noninferiority study83 involved
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138 subjects and compared the strategy of continuing oxytocin 
until delivery versus discontinuing oxytocin at onset of active 
labor, and it suggested discontinuation of prolonged labor. 
The authors of a meta-analysis84 assessed the effect of discontinu
ation of oxytocin after onset of the active phase of labor. Eight 
studies were included and involved 1232 subjects, and these 
researchers observed decreased cesarean delivery in subjects who 
had oxytocin discontinued (OR, 0.51; 95% C l, 0.35 to 0.74). 
Similarly, cases of nonreassuring fetal heart patterns were less 
likely among women who did not receive oxytocin after the 
establishment of the active phase of labor (OR, 0.63; 95% C l, 
0.41 to 0.97).

Prostaglandins
Administration of PG results in dissolution of collagen bundles 
and an increase in submucosal water content of the cervix. These 
changes in cervical connective tissue at term are similar to those 
observed in early labor. PGs are endogenous compounds found 
in the myometrium, decidua, and fetal membranes during preg
nancy. The chemical precursor is arachidonic acid. PG formula
tions have been used since they were first synthesized in the 
laboratory in 1968, and PG analogues were originally given 
intravenously and by oral routes. Later, local administration of 
PGs in the vagina or the endocervix became the route of choice 
because of fewer side effects and acceptable clinical response. 
Side effects of all PG formulations and routes may include fever, 
chills, vomiting, and diarrhea.

The efficacy of locally applied PG (vaginal or intracervical) 
for cervical ripening and labor induction has been demonstrated 
in a Cochrane review that involved more than 10,000 women. 
For example, vaginal PGE2 reduced the likelihood of vaginal 
delivery not being achieved within 24 hours, the risk of the 
cervix remaining unfavorable or unchanged, and the need for 
oxytocin. In addition, no difference was found between cesarean 
delivery rates, although there was a trade-off with PGE2 use 
because the risk of uterine tachysystole with fetal heart rate 
changes was increased.

The various administration vehicles for PG (tablet, gel, and 
timed-release pessary) appear to be equally efficacious. The 
optimal route, frequency, and dose of PGs of all types and for
mulations for cervical ripening and labor induction have not 
been determined. Also, PG formulations of any kind should be 
avoided in women with a prior uterine scar, such as a prior 
cesarean delivery or myomectomy, because their use has been 
associated with an increased risk of uterine rupture.85 Uterine 
activity and fetal heart rate monitoring are indicated for 0.5 to
2 hours after administration of prostaglandins for cervical ripen
ing and should be maintained as long as regular uterine activity 
is present.31

Prostaglandin E2
One of the first RCTs to use intravaginal PG was conducted in 
1979 by Liggins. Eighty-four term women with singleton preg
nancies were randomly assigned to three groups that received 
either placebo or a 0.2 mg or 0.4 mg PGE2 compound. Labor 
was established in 48 hours in 9.3% of women who received a 
placebo, 65.4%  of women who received 0.2 mg PGE2 and 
85.7% of women who received 0.4 mg PGE2. Rayburn sum
marized the experience with more than 3313 pregnancies repre
senting 59 prospective clinical trials in which either intracervical 
or intravaginal PGE2 was used for cervical ripening before the 
induction of labor. He concluded that local administration of 
PGE2 is effective in enhancing cervical effacement and

dilation thus reducing the failed induction rate, shortening 
the induction-to-delivery interval, and reducing oxytocin use 
and cesarean delivery for failure to progress. These findings 
were confirmed in a meta-analysis of 44 trials performed world
wide using various PG compounds and dosing regimens. Because 
no difference in clinical outcomes are apparent when comparing 
intravaginal or intracervical PGE2 preparations, and for ease of 
administration and patient satisfaction, vaginal administration 
is recommended.86 A sustained-release vaginal pessary for PGE2 
has been developed whose use eliminates the need for repeated 
dosing. Although data are limited, when comparing the efficacy 
of the intravaginally applied PGE2 to the sustained-release sup
pository, no difference is apparent in rates of vaginal delivery, 
fetal heart rate abnormalities, or uterine tachysystole.

Currently, two PGE2 preparations have been approved by the 
United States Food and Drug Administration (FDA) for cervical 
ripening. Although not approved by the FDA for cervical ripen
ing, a variety of other PGE2 compounds are available—such as 
suppositories in the United States and tablets in Europe and 
other parts of the world. PGE2 was originally manufactured as 
a 20-mg vaginal suppository. However, to prepare the medica
tion in smaller doses for induction of labor at term, pharmacists 
resuspend the suppository into small amounts of methylcellulose 
gel. The preparation is then frozen in plastic syringes in various 
doses.

Prepidil contains dinoprostone, 0.5 mg per 3-g syringe 
(2.5 mL gel) for intracervical administration. The dose can be 
repeated in 6 to 12 hours if  cervical change is inadequate and 
uterine activity is minimal following the first dose. The manu
facturer recommends that the maximum cumulative dose of 
dinoprostone not exceed 1.5 mg (three doses) within a 24-hour 
period. Oxytocin should not be initiated until 6 to 12 hours 
after the last dose because of the potential for uterine tachysystole 
with concurrent oxytocin and prostaglandin administration.

Cervidil is a vaginal insert that contains 10 mg of dinopros
tone in a timed-release formulation. The vaginal insert admin
isters the medication at 0.3 mg/hr and may be left in place for 
up to 12 hours. An advantage of the vaginal insert over the gel 
formulation is that the insert may be removed with the onset of 
active labor, rupture of membranes, or with the development of 
uterine tachysystole. This abnormality of uterine contractions 
is more often defined as six or more contractions in 10 minutes 
for a total of 20 minutes and may be associated with concurrent 
fetal heart rate tracing abnormalities. Per the manufacturer’s 
recommendations, oxytocin may be initiated 30 to 60 minutes 
after removal of the insert.

These two preparations are relatively expensive, require refrig
erated storage, and become unstable at room temperature.

Prostaglandin E,
Misoprostol is a synthetic PGE! analogue available as 100-|ig 
and 200-|J.g tablets. The current FDA approved use for miso
prostol is for the treatment and prevention of peptic ulcer disease 
related to chronic nonsteroidal antiinflammatory drug (NSAID) 
use. Administration o f misoprostol for preinduction cervical 
ripening is considered a safe and effective off-label use by 
ACOG/7 Misoprostol is inexpensive and is also stable at room 
temperature, and it can be administered orally or placed vagi- 
nally with few systemic side effects. Although not scored, the 
tablets may be divided to provide 25- or 50-(Xg doses.

Multiple studies suggest that misoprostol tablets placed vagi- 
nally are either superior to or equivalent in efficacy compared 
with intracervical PGE2 gel.88 More recently, a meta-analysis of
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70 trials revealed the following points regarding the use of miso
prostol compared with other methods of cervical ripening and 
labor induction. Misoprostol improved cervical ripening com
pared with placebo and was associated with a reduced failure to 
achieve vaginal delivery within 24 hours (RR, 0.36; 95% C l, 
0.19 to 0.68). Compared with other vaginal prostaglandins for 
labor induction, vaginal misoprostol was more effective in 
achieving vaginal delivery within 24 hours (RR, 0.80; 95% C l, 
0.73 to 0.87). Compared with vaginal or intracervical PGE2, 
oxytocin augmentation also was less common with misoprostol 
(RR, 0.65; 95% C l, 0.57 to 0.73). However, uterine tachysys- 
tole with fetal heart rate changes (RR, 2.04; 95% C l, 1.49 to
2.80) and meconium-stained amniotic fluid (RR, 1.42; 95% 
C l, 1.11 to 1.81) were more common with misoprostol. Most 
studies suggested that restricting the dose of misoprostol to 25 
(ig every 4 hours significantly reduced the risk of uterine tachy- 
systole with and without fetal heart rate changes and meconium 
passage. Most important, regardless of misoprostol dose, no 
significant differences were reported in immediate neonatal 
outcomes.

Although based on its review of the existing evidence, ACOG 
recommends 25 jig  dosing every 3 to 6 hours with vaginally 
applied misoprostol, the optimal dose and timing interval is not 
known.31 If necessary, oxytocin may be initiated 4 hours after 
the final misoprostol dose. A meta-analysis that compared 25-jig 
with 50-jig dosing reported that 50-jig dosing resulted in a 
higher rate of vaginal delivery within 24 hours with higher rates 
of uterine tachysystole and meconium passage but without com
promising neonatal outcomes. A higher frequency of fe ta l acido
sis, defined as an umbilical arterial pH of less than 7.16, was 
found in infants born to mothers given 50 jig  of intravaginally 
applied misoprostol every 3 hours compared with those born to 
mothers given 25 jig  every 3 hours. In their Committee Opin
ions on the use of misoprostol for labor induction, ACOG 
concludes that safety using the higher 50-|ig (every 6 hours) 
dosing could not be adequately evaluated, may be associated 
with uterine tachysystole with fetal heart rate decelerations, 
and suggests the higher doses should only be used in select 
circumstances.

A misoprostol vaginal insert (MVI) that contains a controlled- 
release retrievable polymer chip for gradual delivery of 200 jig  
over 24 hours has been developed and is available in some coun
tries in Western Europe, but it is currently not available in the 
United States.89'90 The 200 (ig dose is released at a mean rate of 
approximately 7 jig/hr while the insert remains in place, allow
ing a constant dosing to occur over a 24-hour period with the 
benefit of rapid and easy removal if  needed.

Oral misoprostol for cervical ripening has also been studied. 
This route of administration has promise for offering more 
patient comfort, satisfaction, and convenience. Most trials com
pared oral misoprostol dosages of 20 to 50 jig  with similar 
vaginal misoprostol dosing regimens, such as 25 to 50 (ig. This 
oral dosing regimen appears to be no more effective than vaginal 
administration for achieving vaginal delivery, but it may be 
associated with less uterine tachysystole. A clear, positive dose- 
response relationship exists between the dosage of oral misopro
stol and the frequency of tachysystole.91

Some investigators have described titrating oral misoprostol 
to its desired effect.92 This method appears to achieve vaginal 
delivery rates similar to vaginally administered misoprostol with 
less uterine tachysystole. Low doses of oral misoprostol were 
achieved by making a solution (e.g., dissolving a 200 jig  tablet

in 200 mL tap water) because this was believed to provide more 
accurate dosing than simply cutting the tablet into pieces. 
Because oral dosing has a short (2 hr) duration of action, admin
istration was repeated at 2-hour intervals.

In a Cochrane review of 76 RCTs that included 14,412 
women, oral misoprostol appeared to be at least as effective as 
current methods of induction. In 12 trials (3859 women) that 
compared oral misoprostol with vaginal dinoprostone, women 
given misoprostol were less likely to need cesarean delivery (21% 
compared with 26% of women), although the time in labor was 
longer. The 37 trials (6417 women) that compared oral and 
vaginal misoprostol reported similar effectiveness, but those 
taking oral misoprostol had better neonatal outcomes at birth 
and less postpartum hemorrhage. Nine trials93 that comprised 
1282 women showed that oral misoprostol was equivalent to IV 
oxytocin but resulted in significantly fewer cesarean deliveries. 
The authors of this Cochrane review recommend that if  clini
cians choose to use oral misoprostol, a dose of 20 to 25 jig  in 
solution is preferred for both the safety considerations and the 
imprecision of dividing misoprostol tablets for recommended 
dosages. However, concerns have been raised that the pharmacy 
and nursing administration needed for dose titration adds a layer 
of complexity, and more data are needed to shed light on the 
optimal dosing, safety, and cost-effectiveness of oral misoprostol 
for cervical ripening and labor induction.

Other novel methods of administration for misoprostol that 
have been assessed include buccal and sublingual routes. The 
theory is that avoiding first-pass hepatic circulation from oral 
administration will lead to bioavailability similar to that achieved 
with vaginal administration. In an RCT that included 250 
women admitted for labor induction, 50 (ig of sublingual miso
prostol was compared with 100 jig  of orally administered miso
prostol given every 4 hours to a maximum of five doses. 
Sublingual misoprostol appeared to have the same efficacy as 
orally administered misoprostol to achieve vaginal delivery 
within 24 hours with no increase in uterine tachysystole. In 
another RCT, 152 women received either buccal misoprostol 
(200 (ig for first two doses, then 300 jig  to total 1600 jig) or 
vaginal (50 (ig for first two doses, then 100 jig  to total 500 |ig). 
No statistically significant difference was noted in time to vaginal 
delivery, the rate of vaginal delivery, or the rate of uterine tachy
systole. Based on only three small trials included in the Cochrane 
meta-analysis, sublingual misoprostol appears to be at least as 
effective as the same dose administered orally, although data are 
inadequate to comment on the relative complications and side 
effects. Therefore more data are needed to clarify not only the 
safety but the efficacy of buccal and sublingual misoprostol.

Alternative Methods
Researchers have evaluated several other methods and com
pounds as mechanical and pharmacologic alternatives for cervi
cal ripening and labor induction in term pregnancies (Table
13-13). Some of the advantages of the mechanical techniques 
include low cost, low risk of tachysystole, and few systemic side

TABLE 13-13 ALTERNATIVE METHODS FOR INDUCTION
PHARMACOLOGIC MECHANICAL

Mifepristone Stripping (sweeping) fetal membranes
Estrogen Amniotomy
Relaxin Hygroscopic dilators
Hyaluronic acid Foley balloon catheter above internal os
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effects. The disadvantages of mechanical methods include a 
small increase in risk of infection from introduction of a foreign 
body, the potential for disruption of a low-lying placenta, and 
some maternal discomfort upon manipulation of the cervix. All 
of these methods likely work, at least in part, by causing the 
release o f prostaglandin F2-alpha from the decidua and adja
cent membranes or PGE2 from the cervix. Also, the dilators 
(e.g., laminaria) and balloon catheter physically cause gradual 
cervical dilation with minimal discomfort to the patient.

S tripp ing o r  sw eep in g  o f the fetal membranes refers to 
digital separation of the chorioamniotic membrane from the 
wall of the cervix and lower uterine segment by inserting the 
examiner’s finger beyond the internal cervical os and then rotat
ing the finger circumferentially along the lower uterine segment. 
Investigations94 have studied routine membrane stripping at 38 
or 39 weeks to either prevent prolonged pregnancies or decrease 
the frequency of more formal inductions after 41 weeks. Two 
randomized trials compared outcomes of women who under
went membrane stripping or no membrane stripping at initia
tion of labor induction with oxytocin. The results of these trials 
suggested that membrane stripping increased the rate of spon
taneous vaginal delivery and shortened the induction to delivery 
interval. However, differences in study design and heterogeneous 
management of induction preclude definitive conclusions. None 
of these trials reported harmful side effects that could be attrib
uted to the procedure.

Although the existing meta-analysis on the use of membrane 
stripping did not reveal an increase in either maternal or 
neonatal infection associated with the procedure, it is unclear 
whether these studies included carriers of Group B Streptococcus 
(GBS). Only one small study evaluated GBS colonization 
associated with sweeping membranes, and whereas no addi
tional risk was found in women with sweeping, the study was 
too small to exclude an effect. GBS colonization is not a con
traindication to membrane stripping because no direct evidence 
of harm exists, but given the lim ited data for the procedure in 
known GBS carriers, the potential benefits and risks should be 
carefully weighed before performing the procedure in known

96carriers.
Another commonly used method for cervical ripening is the 

transcervical balloon catheter, which appears to be as effective 
for preinduction cervical ripening as PGE2 gel and intravaginal 
misoprostol. The combination of a balloon catheter plus admin
istration of a prostaglandin does not appear to be more effective 
than prostaglandins alone.

MIDTRIMESTER INDUCTION
In particular circumstances, such as when a fetus has died in 
utero or in cases of termination of pregnancy, a woman may 
choose to have an induction of labor to effect delivery of the 
fetus. Although in the case of an intrauterine demise, some 
women would prefer expectant management in order to avoid 
an induction of labor, this approach raises concerns regarding 
the development of a consumptive coagulopathy and/or intra
uterine infection. Some studies97 report that 80% to 90% of 
women will spontaneously labor within 2 weeks of a fetal 
demise, but the latency period may be longer.

Options for delivery in the case of intrauterine demise or 
pregnancy termination in the mid second trimester include 
induction of labor and dilation and evacuation (D&E; Table
13-14) .The decision for which mode of delivery to choose must

TABLE 13-14 SECOND-TRIMESTER TERMINATION
METHODS_____________________________

MEDICAL

Intravenous oxytocin 
Intraamniotic hyperosmotic fluid 
20% saline 
30% urea
Prostaglandins E2, F2-alpha, E l, and analogues 
Mifepristone
Various combinations of above

be individualized by practitioner experience, gestational age, and 
a patient’s desires. The emotional and psychological factors vary 
with each patient, with one advantage of induction being the 
delivery of an intact fetus, whereas an advantage of D&E may 
be avoiding a prolonged induction.

Most of the research available regarding modes of midtrimes
ter delivery is extrapolated from the investigations performed on 
second trimester abortions. One study compared patients under
going surgical termination between 14 and 24 weeks of gestation 
with women undergoing labor induction and revealed an overall 
lower rate of complications in those undergoing D&E (4% vs. 
29%). Cochrane reviewers98 recently concluded that D&E is 
superior to intraamniotic instillation of prostaglandin F2-alpha 
and may be favored over mifepristone and misoprostol, but 
larger randomized studies are necessary to confirm the latter 
finding. At this time, both methods of delivery are considered 
reasonably safe.

Several methods of labor induction have been utilized, but no 
single protocol is currently accepted as best practice. More recent 
protocols have implemented regimens with gemeprost or miso
prostol, both PGE! analogues; however, a meta-analysis of ran
domized trials to compare the two medications reported that 
misoprostol suppositories were associated with a reduced need 
for narcotic analgesia and surgical evacuation of the uterus. The 
application of gemeprost is limited secondary to its expense and 
instability at room temperature. It is also not currently available 
in the United States. At this time, the World Health Organiza
tion (WHO) also recommends the use of mifepristone prior 
to PGE] analogues for expeditious and safe second trimester 
abortions. As an antiprogestin, mifepristone increases uterine 
sensitivity to prostaglandins, which permits lower doses and 
minimizes side effects. However, current studies99 do not reveal 
any advantage of pretreatment with mifepristone for induction 
in second-trimester fetal demise.

When planning an induction o f labor, gestational age 
plays a significant role regarding the methods o f induction. 
When the gestational age is less than 28 weeks, the uterus is less 
sensitive to oxytocin and therefore prostaglandins or mechanical 
devices may be required to commence labor. Current induction 
protocols vary by dose, route, and gestational age (Table 13-15). 
It is important to keep in mind that although side effects (uterine 
tachysystole, nausea, vomiting, diarrhea) and safety remain 
important considerations for the patient in these circumstances, 
fetal well-being is no longer an issue.

Women with a prior cesarean delivery are candidates for 
induction of labor with PG in these circumstances as well. A 
recent review by Berghella and colleagues reported an incidence 
of uterine rupture of 0.4%, hysterectomy 0%, and transfusion 
0.2% for women undergoing second-trimester misoprostol 
terminations.

SURGICAL

Dilation and 
evacuation 

Laparotomy 
Hysterotomy 
Hysterectomy
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TABLE 13-15 SUGGESTED PROTOCOLS FOR STILLBIRTH DELIVERY

DILATION AND EVACUATION FOR UTERUS 13- TO
22-WK SIZE

• Admit to hospital, day operating room, or clinic.
• Obtain hematocrit and type and screen.
• Give doxycycline 100 mg orally 1 hr before procedure and 200 mg 

after procedure or postoperative metronidazole 500 mg orally twice 
a day for 5 days.

TO FACILITATE CERVICAL DILATION

• Administer misoprostol 200 |Xg in the posterior fornix 4 hr before 
the procedure (may be placed by patient).

• Place Laminaria in cervix (usually carried out in the office on the 
afternoon before the procedure).

OPERATIVE

• Perform dilation and evacuation under ultrasound guidance.

POSTPROCEDURE INSTRUCTIONS

• Discharge home after anesthesia has worn off and vaginal bleeding 
is minimal.

• Administer RhD immune globulin if patient is Rh negative.
• Schedule a follow-up visit in 2 wk.
• Prescribe NSAIDs or mild narcotics.
• Offer bereavement services.

INDUCTION OF LABOR

• Admit to labor and delivery.
• Obtain complete blood count and type and screen; consider fibrinogen if  the 

fetus has been dead for more than 4 wk.

INDUCTION PROTOCOLS

• For uterus <28 wk: misoprostol 200 to 400 (Ig vaginally or orally every 4 hr 
until delivery of fetus.

• For uterus >28 wk: misoprostol 25 to 50 |Xg vaginally or orally every 4 hr or 
oxytocin infusion per usual protocol.

• Consider transcervical Foley catheter or Laminaria for cervical ripening.

INTRAPARTUM

• To minimize risk of retained placenta, allow for spontaneous placental delivery, 
avoid pulling on the umbilical cord, and consider further doses of misoprostol or 
high-dose oxytocin.

• Monitor vital signs per the routine for labor and delivery.
• Pain management includes epidural or intravenous narcotics via patient- 

controlled analgesia or intermittent doses.
• Parents should be encouraged to spend time with the infant and should be 

offered keepsake items such as pictures and handprints or footprints.

POSTPROCEDURE INSTRUCTIONS

• Discharge home in 6 to 24 hr if vital signs are stable and bleeding is appropriate.
• Consider postpartum care on a nonmaternity ward.
• Administer RhD immune globulin if  patient is Rh negative.
• Follow-up visit in 2 to 6 wk.
• Offer bereavement services.

Modified from Silver RM, Heuser CC. Stillbirth workup and delivery management. Clin Obstet Gynecol. 2010;53(3):681. 
NSAIDs, nonsteroidal antiinflammatory drugs.

SUMMARY

Induction of labor is one of the most commonly performed 
procedures in obstetrics and can be undertaken for a variety 
of medical and obstetric indications. The likelihood for 
success in the induction of labor has been studied with 
focus on a number of clinical, biochemical, and radio- 
graphic approaches. Cervical dilation at the time of induc
tion is the factor most associated with success, but no single 
factor has been shown to be a good predictor. A variety of 
pharmacologic and mechanical methods for cervical ripen
ing are available. The most commonly used approaches 
include prostaglandins, such as dinoprostone and misopro
stol, and transcervical Foley balloon catheter placement. 
Augmentation of labor is usually accomplished with IV 
oxytocin, which can be administered using either low- or 
high-dose infusion protocols. In the case of a midtrimester 
induction, either induction of labor or dilation and evacu
ation is considered a safe approach.

KEY POINTS

♦ Labor is a clinical diagnosis defined as uterine contrac
tions that result in progressive cervical effacement and 
dilation, often accompanied by a bloody discharge 
referred to as bloody show, that results in birth of the 
baby.

♦ The diagnosis of labor protraction and arrest should 
account for the level of cervical dilation.

♦ Because the duration of latent labor is highly variable, 
expectant management is most appropriate.

♦ The most common causes of protraction or arrest dis
orders are inadequate uterine activity and abnormal 
positioning of the fetal presenting part.

♦ Under new guidelines, neither a protracted active phase 
nor arrest of dilation should be diagnosed in a nullipara 
before 6 cm cervical dilation.

♦ Before a diagnosis of arrest of active-phase arrest is 
made, rupture of membranes should have occurred and 
the cervix must be dilated at least 6 cm, with either 4 
hours or more of adequate contractions (e.g., more than 
200 Montevideo units) or 6 hours or more of inade
quate contractions and no cervical change.

♦ Induction of labor should be undertaken when the ben
efits of delivery to either mother or fetus outweigh the 
risks of pregnancy continuation.

♦ Studies have demonstrated that routine induction of 
labor at 41 weeks’ gestation is not associated with an 
increased risk of cesarean delivery regardless of parity, 
state of the cervix, or method of induction.

♦ If elective induction is undertaken for nonmedical 
reasons, women should have pregnancies of 39 weeks’ 
gestation or more.

♦ It is important for the clinician to recall that cervical 
ripening itself can take some time and that the
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development of an active labor pattern should be 
achieved prior to the determination that the induction 
has failed.

♦ Induction of labor with IV oxytocin, intravaginal pros
taglandin compounds, and expectant management 
(with defined time limits) are all reasonable options for 
women and their infants in the face of PROM at term 
because they result in similar rates of neonatal infection 
and cesarean delivery.

♦ Options of delivery for midtrimester stillbirth or 
induction for pregnancy termination include induction 
of labor and dilation and evacuation. The decision for 
which mode of delivery to choose must be individual
ized by practitioner experience, gestational age, and a 
patient’s desires.
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Obstetric forceps are the one instrument that makes the prac
tice o f obstetric care unique to obstetricians. The proper use 
of these instruments has afforded safe and timely vaginal 
delivery to those whose abnormal labor course and/or urgent 
need for delivery required their use.

Following the introduction of forceps by Chamberlin during 
the 1600s, much discussion about the proper use and timing 
of forceps application ensued. After Smellie’s retirement from 
practice in 1760, forceps began to be used more frequently,

resulting in an increase in both maternal and neonatal injury 
owing to the application techniques common at the time. In his 
1788 text entitled “An Introduction to the Practice of M id
wifery,” Thomas Denman1 stated that “the head of the child shall 
have rested for 6 hours as low as the perineum before the forceps 
are applied though the pains should have ceased during that 
time.” Denman’s law then became widely accepted as the stan
dard of this time. However, after the news of Princess Charlotte’s 
death following the birth of a stillborn Prince on November 6, 
1817, a review of Denman’s law ensued with much public dis
cussion regarding the timely use of forceps. Princess Charlotte’s 
labor had been managed by one of Denman’s students and son- 
in-law, Sir Richard Croft, whose second-stage labor manage
ment during this delivery came into question. Croft had 
permitted the second stage to last 24 hours, including 6 hours 
on the perineum, as Denman’s law had advised. However, the 
Princess delivered a 9 lb stillborn male heir, and within 24 hours 
of delivery, the Princess herself died of a massive postpartum 
hemorrhage. Disturbed with depression and despair at the blame 
for the death of both the Princess and the heir to the British 
throne, Croft shot himself 3 months later. During a lecture 
delivered at the Royal College of Obstetricians and Gynaecolo
gists (RCOG) on September 28, 1951, Sir Eardley Holland2 
named his lecture on these events “A Triple Obstetric Tragedy” 
in which he described a mother, baby, and accoucheur all dead, 
victims of a mistaken system. In a subsequent text in 1817, 
Denman3 wrote: “Care is also to be taken that we do not, 
through an aversion to the use of instruments, too long delay 
that assistance we have the power of affording them.” The debate 
regarding the use of these instruments continued into the twen
tieth century with prophylactic forceps delivery advocated by 
DeLee4 in 1920. This clinical management strategy resulted in 
forceps delivery rates in excess of 65% by 1950.

W ith these lessons in mind, a review of operative vaginal 
delivery in modern obstetric practice is extremely important and
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290 Section III Intrapartum Care

timely. Rates o f cesarean delivery have risen in both the 
United States and the United Kingdom,’ 6 increasing 60%  
between 1996 and 2009 in the United States, when the rate 
reached 32.9% —the highest rate ever reported— and increas
ing 100%  between 1990 and 2008 (12% to 24%) in the 
United Kingdom. Between 2009 and 2013, the rate o f cesar
ean delivery in the United States has declined only slightly 
to 32.7% . In contrast, rates o f forceps and vacuum extraction 
to assist delivery have decreased dramatically from 9% in
1990 to 3.4%  in 2012. Forceps have been used for fewer 
than 1% o f all births in the United States since 2005 (0.59% 
in 2013).7 However, most residency training programs in the 
United States still expect proficiency in outlet and low forceps 
delivery (less than or greater than a 45-degree rotation), whereas 
less than 40% expect proficiency in midforceps delivery.8 How
ever, to make education and teaching o f these procedures 
even more challenging, new resident work hour restrictions 
have resulted in a decline in resident experience with both 
primary cesarean delivery and vacuum-assisted vaginal deliv
ery despite increased institutional volumes o f these proce
dures. In a study by Blanchard and colleagues,9 the decrease in 
experience was shown to be dramatic: they noted a 54% decline 
in experience with primary cesarean delivery and a 56% decline 
in vacuum-assisted vaginal delivery. Because both forceps and 
vacuum extractors are acceptable and safe instruments for opera
tive vaginal delivery, operator experience is the determining 
factor in deciding which instrument should be used in a specific 
clinical situation.10 Declining use and resident experience 
may make it difficult to provide the level of operator skills 
required for proficiency of this obstetric art. However, because 
most women prefer a vaginal delivery, focused experience with 
the use of these instruments during residency training is crucial 
to ensure safe, timely, and effective vaginal delivery. Further
more, women are more likely to achieve a spontaneous vaginal 
delivery in a subsequent pregnancy after forceps delivery than 
after cesarean delivery (78% vs. 31% ).1M4 The challenge, there
fore, is to ensure that women who experience second-stage labor 
abnormalities are afforded all options for a safe and timely 
delivery.

OPERATIVE VAGINAL DELIVERY 
Classification, Prerequisites, and Indications
The use of a well-defined and consistent classification system for 
operative vaginal deliveries facilitates the comparison of mater
nal and neonatal outcomes among spontaneous delivery, cesar
ean delivery, and operative vaginal delivery as well as instruction 
in these techniques. It is intuitive that not all operative vaginal 
deliveries are the same with respect to degree of difficulty or 
maternal and fetal risk; therefore classification systems have 
been developed and modified over time. In 1949, Titus created 
a classification system that permitted general practitioners to 
perform operative vaginal delivery without consultation from a 
specialist. This system divided the pelvis into thirds from the 
ischial spines to the inlet and, in the opposite direction, in thirds 
to the outlet. Dennen15 proposed an alternative classification 
system in 1952 that was based on the four major obstetric planes 
of the pelvis with the following definitions: high forceps is the 
biparietal diameter (BPD) in the plane of the inlet but above 
the ischial spines; midforceps is the BPD just at or below the 
ischial spines and the sacral hollow not filled; low midforceps is 
the BPD below the ischial spines, the leading bony part within

a fingerbreadth of the perineum between contractions, and the 
hollow of the sacrum filled; and outlet forceps is the BPD below 
the level of the ischial spines, the sagittal suture in the antero
posterior diameter, and the head visible at the perineum during 
a contraction.

In 1965, the American College of Obstetricians and Gyne
cologists (ACOG) created a classification system16 that defined 
midforceps extremely broadly, from the ischial spines to the pelvic 
floor and any rotation. This category clearly included many 
forceps operations that ranged from delivery of a straightforward 
anteroposterior position of the fetal vertex to complex rotations. 
The broad category for these operations led many practicing 
clinicians to question whether the classification should be nar
rowed to reflect the clinically significant differences between 
deliveries such as these.

In 1988, ACOG revised the classification1 o f forceps oper
ations to address two significant shortcomings o f the previ
ous system: that m id fo rcep s  was too widely defined and ou tle t  
fo r c e p s  was too narrowly defined. This system was validated in
1991 by Hagadorn-Freathy and colleagues,18 who demonstrated 
that 25% of deliveries in this study that would have been previ
ously classified as midforceps but were reclassified into the low 
forceps (greater than 45-degree rotation) and midforceps catego
ries were associated with 41% of episiotomy extensions and 50% 
of the lacerations in the cohort. Clearly, the outcomes of these 
operations confounded the relatively low-risk group of low- 
forceps operations with up to 45-degree rotation, which would 
also have been classified as midforceps by the previous system. 
In short, these investigators validated the 1988 ACOG clas
sification scheme by demonstrating that the higher station 
and more complex deliveries carried a greater risk o f mater
nal and fetal injury compared with those that were more 
straightforward. This differentiation was lost in the 1965 clas
sification scheme owing to the broad definition of low forceps. It 
is extremely important to appropriately classify operative vaginal 
delivery based on this system, including accurate determination 
of fetal station and position. The 1988 classification scheme for 
operative vaginal delivery is shown in Box 14-1.

W ith respect to operative vaginal delivery o f the vertex, 
sta tion  is defined as the relationship o f the estimated distance 
in centimeters between the leading bony portion o f the fetal 
head and the level o f the maternal ischial spines, and po sit ion  
refers to the relationship o f the occiput to a denominating 
location on the maternal pelvis. Operative vaginal delivery 
with a fetus in the left occiput anterior (LOA) position with the 
leading bony portion of the vertex 3 cm below the ischial spines 
(+3 station) would be classified as low forceps, less than 45-degree 
rotation delivery. It is also important to note that this classifica
tion system applies to both forceps and vacuum extraction 
instruments and that the precise position and station must be 
known before the placement of either instrument.

In addition to precise evaluation of the position and station, 
several other extremely important data are necessary before per
forming an operative vaginal delivery. The prerequisites for 
application o f either forceps or vacuum extractor are listed 
in Fable 14-1. When these prerequisites have been met, the 
following two indications are appropriate for consideration 
of either forceps delivery or vacuum extraction: (1) pro
longed second stage (for nulliparous women, lack of continu
ing progress for 3 hours with regional analgesia or 2 hours 
without regional analgesia; for multiparous women, lack of con
tinuing progress for 2 hours with regional analgesia or 1 hour
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Chapter 14 Operative Vaginal Delivery 291

BOX 14-1 1988 OPERATIVE VAGINAL
DELIVERY CLASSIFICATION

Outlet
• S ca lp  is v is ib le  a t th e  in tro itu s  w ith o u t  se p a ra tin g  the  

labia.
• Fetal sku ll has reached  th e  p e lv ic  f lo o r.
• S a g itta l s u tu re  is in th e  AP d ia m e te r o r LO A/R O A o r LOP/ 

ROP p o s itio n s .
• Fetal head is a t o r  on  th e  p e rin e u m .
• R o ta tion  does n o t exceed  45 degrees.

Low Forceps
• Le a d in g  p o in t o f  fe ta l sku ll is a t +2 cm  o r g re a te r  and n o t 

on  th e  p e lv ic  f lo o r.
• R o ta tio n  45 de g re e s  o r less to  LO A/R O A to  O A  o r  LOP/ 

ROP to  OP, o r  ro ta tio n  is 45 d e g re e s  o r  m ore .

Midforceps
• S ta tio n  is a b o ve  +2 cm  b u t head is en g ag e d .

High
• H igh fo rc e p s  d e liv e ry  is n o t in c lu d e d  in  th is  

c la s s ific a tio n .

Modified from  the American College of Obstetricians and Gynecologists 
(ACOG). Committee on Obstetrics, Maternal and Fetal Medicine: Obstet
ric Forceps. Technical Bulletin No. 59, February 1988.
AP, anteroposterior; LOA, left occiput anterior; LOP, occiput posterior; 
OA, occiput anterior; OP, occiput posterior; ROA, right occiput anterior; 
ROP, occiput posterior.

TABLE 14-1 PREREQUISITES FOR FORCEPS OR 
VACUUM EXTRACTOR APPLICATION

• Fetal vertex is engaged.
• Membranes have ruptured.
• Cervix is fully dilated.
• Position is precisely known.
• Assessment of maternal pelvis reveals adequacy for the estimated fetal

weight.
• Adequate maternal analgesia is available.
• Bladder is drained.
• Operator is knowledgeable.
• Operator is willing to abandon the procedure if necessary.
• Informed consent has been obtained.
• Necessary support personnel and equipment are present.

without regional analgesia) and (2) suspicion o f immediate or 
potential fetal compromise (nonreassuring fetal heart rate 
tracing or shortening of the second stage of labor for maternal 
benefit [i.e., maternal exhaustion, maternal cardiopulmonary or 
cerebrovascular disease]).

OPERATIVE VAGINAL 
DELIVERY INSTRUMENTS 
Forceps Instruments
Invention and modification have led to a description and use of 
more than 700 varieties of forceps instruments. Most of them 
are of historic interest only, but many common features remain 
among those still in use. Except when used at cesarean deliv
ery, forceps are paired instruments and are broadly catego
rized according to their intended use as classic forceps, 
rotational forceps, and specialized forceps designed to assist 
vaginal breech deliveries. Each forceps type consists of two

FIG 14-1 Anatomy of the forceps.

halves joined by a lock, which may be sliding or fixed. The key 
structures of forceps include the blade, shank, lock, finger 
guards, and handle (Fig. 14-1). The toe refers to the tip of the 
blade, and the heel is the end of the blade that is attached to 
the shank at the posterior lip of the fenestration (if present). The 
cephalic curve is defined by the radius of the two blades when in 
opposition, and the pelv ic curve is defined by the upward— or 
reverse, as in the case of Kielland and Piper forceps— curve of 
the blades from the shank. The handles transmit the applied 
force, the screw or lock represents the fulcrum, and the blades 
transmit the load (Fig. 14-2).19

The pelvic curve permits ease of application along the mater
nal pelvic axis (Fig. 14-3). Forceps have two functions, traction 
and rotation, both o f which can only be accomplished by 
some degree o f compression on the fetal head. The cephalic 
curvature o f the blade is designed to aid in the even distribu
tion o f force about the fetal parietal bone and malar emi
nence. Blades may be solid (Tucker-McLane), fenestrated 
(Simpson), or pseudofenestrated (Luikart-Simpson). The pseu
dofenestration modification can be applied to the design of any 
type of forceps and is known as the Luikart modification. In 
general, use of solid or pseudofenestrated blades results in less 
risk of maternal soft tissue injury, especially during rotation, but 
fenestrated blades provide improved traction in comparison to 
solid blades.

Classic Forceps
Classic forceps instruments are typically used when rotation 
of the vertex is not required for delivery. However, they may 
be used for rotations such as the Scanzoni-Smellie maneuver. All 
classic forceps have a cephalic curve, a pelvic curve, and an 
English lock, in which the articulation is fixed in a slot into 
which the shank of the opposite blade fits. The type of classic 
forceps instrument is determined by its shank, whether overlap
ping or parallel. Examples of classic forceps with parallel shanks 
include Simpson, DeLee, Irving, and Hawks-Dennen forceps. 
Classic forceps with overlapping shanks include Elliott and 
Tucker-McLane. Because these instruments have a more 
rounded cephalic curve than the Simpson forceps, they are 
often used for assisting delivery o f the unmolded head, such 
as that commonly encountered in the multiparous patient. 
In addition, because the Tucker-McLane forceps have a 
shorter, solid blade and overlapping shanks, they are more 
often used for rotations than other classic instruments.
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TYPES OF FORCEPS

Classical forceps

Section III Intrapartum Care

Simpson

Elliot

Rotational forceps
Sliding lock

Forceps for delivery of aftercoming head of the breech

Long handles 

1

Piper

FIG 14-2 Classification of forceps.
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Chapter 14 Operative Vaginal Delivery 293

Rotational Forceps
Forceps instruments used for rotation are characterized as 
having a cephalic curve amenable to application to the 
molded vertex and either only a slight pelvic curve or none 
at all. The absence o f a pelvic curve in these instruments 
facilitates rotation o f the vertex without moving the handles 
of the instrument through a wide arc, as is necessary when 
using one o f the classic instruments to accomplish rotation. 
Forceps that may be used for rotation include some of the classic 
instruments (e.g., Tucker-McLane) and those with minimal 
pelvic curvature (e.g., Kielland and Leff). In 1916, Christian 
Kielland of Norway described the rationale for the introduction 
of his new forceps20:

W hen  the head is h igh , it has to be p u lled  through a  greater length 
o f the b irth  canal, w h ich  is incom pletely prepared. The ch ild ’s 
head is in  such a  position that it  cannot be grasped by the blades 
o f  the forceps in  the w ay  that is possible w hen the head is low 
and com pletely rotated. The forceps do not ho ld  the head in  the 
b iparietal d iam eter but over the occip ital and frontal areas, w h ich  
cannot w ithstand  m uch pressure. These factors are responsible for 
the difficulties that occur in  such a delivery, but they do not

application of obstetric forceps.

en tire ly explain the am ount o f force required nor the resistance 
encountered. In the search for an  explanation o f the ch ief cause 
for the rem arkable am ount o f force that had to be used, it was 
thought that traction m ight be in the w rong direction, because 
the blade o f the o rd inary forceps is curved to correspond w ith  the 
b irth  canal. This type o f  forceps cannot be depressed sufficiently 
low  against the perineum  w ithout the risk o f dam aging it or losing 
the good position on the fetal head w hen an attem pt is m ade to 
exert traction in the pelvic axis.

After their introduction, Kielland forceps have become a 
frequently used instrument for rotation of the vertex (see Fig.
14-1). These forceps have a slightly backward pelvic curve with 
overlapping shanks and a sliding lock. The advantages of the 
Kielland forceps, compared with the classic instruments for rota
tion, include the following:

• The straight design places the handle and shanks in the 
same plane as the long axis of the fetal head, permitting 
the toe to travel through a very small arc during rotation.

• The distance between the heel and the intersecting point 
of the shanks is long, which accommodates heads of various 
shapes and sizes, associated with unusual molding.
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294 Section III Intrapartum Care

• A slight degree of axis traction is produced by the reverse 
pelvic curve.

• The sliding lock permits placement of the handles at any 
level on the shank to accommodate the asynclitic head and 
subsequent correction of asynclitism.

In 1955, another forceps used for rotation of the vertex was 
introduced by Leff.21 These forceps have a locking shank with 
short, straight, and narrow blades and a smaller cephalic curve 
than the Kielland forceps. In a series of 104 consecutive rota
tional forceps deliveries (>90 degrees) using LefF forceps, com
pared with 163 nonrotational forceps deliveries with traditional 
instruments, Feldman and colleagues22 demonstrated a lower 
episiotomy rate (66% vs. 82%) and a lower perineal laceration 
rate (16% vs. 23%) with the Leff forceps compared with the 
nonrotational forceps group, attributed to a 40% spontaneous 
vaginal delivery rate after Leff forceps rotation. In addition, no 
difference was reported in the low incidence of fetal bruising 
between the groups (3% in each). They concluded that Leff 
forceps were also a safe option for rotation of the persistent 
occiput posterior (OP) fetal position.

Other Specialized Instruments
Forceps to assist with delivery o f the aftercoming head 
during vaginal breech delivery (Piper forceps) have a cephalic 
curve, a reverse pelvic curve, long parallel shanks, and an 
English lock (see Fig. 14-2). This design provides easy applica
tion to the aftercoming head, stabilizing and protecting the fetal 
head and neck during delivery. The long shanks permit the body 
of the breech to rest against it during delivery of the head (see 
Chapter 17).

V a cu u m  Extraction D evices
Swedish obstetrician Tage Malmstrom is credited with the 
introduction of the first successful vacuum cup into the field 
of modern obstetrics in 1953. It consisted of a metal cup, 
suction tubing, and a traction chain.23 Vacuum devices are 
classified by the material used to make the cup, either stainless 
steel or plastic (silicone). So-called soft (plastic) cups are used 
much more commonly in the United States than the stainless 
steel cups owing to the lower rates of scalp trauma associated 
with these devices,24 which consist of a cup connected to a 
handle grip with tubing that connects them both to a vacu
um source (Fig. 14-4). The vacuum generated through this 
tubing attaches the fetal scalp to the cup and allows trac
tion on the vertex. The vacuum force can be generated either 
from wall suction or by a handheld device with a pumping 
mechanism.

Stainless Steel Devices
The Malmstrom device is the most commonly used instrument 
for vacuum extraction in the world.25 This device consists of 
a mushroom-shaped stainless steel cup, two vacuum hoses, a 
traction chain and attached metallic disk, a traction handle, and 
a vacuum source. The cup is available in 40, 50, and 60 mm 
diameter sizes and is designed such that the diameter of 
the opening is smaller than the internal diameter of the cup. 
Therefore when vacuum is established, the fetal scalp fills the 
internal dimension of the cup, and an artificial caput succeda
neum is formed (the “chignon”). This allows for the appropriate 
traction force to be applied to the vertex without a “pop-off” or 
detachment.

FIG 14-4 "M"-style mushroom vacuum extractor cup with a centrally 
located stem and handle.

Soft-Cup Devices
These devices may be classified into three groups by the shape 
of the cup: funnel shaped, bell shaped, and mushroom shaped 
(Figs. 14-5 and 14-6). The Kobayashi style funnel-shaped Silas
tic cup is the prototype and the largest cup available (65 mm). 
It was designed to fit over the fetal occiput without requiring 
formation of a chignon. This feature results in a lower rate of 
scalp trauma and more rapid time to effect delivery compared 
with the stainless steel devices but with a slightly higher failure 
rate owing to pop-off24 Bell-shaped cups are available from a 
number of vendors and include the MityVac (Prism Enter
prises), Kiwi (Clinical Innovations), and CM I (Utah Medical). 
The mushroom-shaped cups are a hybrid o f the stainless 
steel and plastic devices. Examples of these devices include the 
M-cup (MityVac), OmniCup (Kiwi), and Flex Cup (CM I). The 
maneuverability of these devices is superior to either the funnel- 
shaped or bell-shaped devices owing to their smaller size and 
increased flexibility of the traction stem relative to the cup. 
However, like other vacuum devices, they are still lim ited in their 
use for either OP or occiput transverse (OT) positions owing to 
an inability to achieve the proper median flexing application. 
Advances to the Kiwi product have resulted in a style of cup in 
which the stem is completely collapsible against the cup (see Fig.
14-5), thus allowing placement of the vacuum on the point of 
flexion of the head that is asynclitic or in the OP position.

O P E R A T IV E  V A G IN A L  
D E L IV E R Y  T E C H N IQ U E S  
C la ss ic  Forceps: A p p licatio n  for O ccip ut  
A nterior and O ccip u t Posterior P o sitio n s
Forceps blades are labeled le ft and right based on the mater
nal side into which they are placed. For example, the le ft 
blade refers to the maternal left side, and its handle is held 
in the operator’s left hand for placement (see Fig. l4 -3 ) .2b The 
posterior blade is conventionally placed first because it provides 
a splint for the fetal head to prevent rotation from the occiput
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Chapter 14 Operative Vaginal Delivery 295

FIG 14-5 Two Kiwi vacuum devices demonstrating the handheld pump and pressure gauge device. Unlike the cup in B, the stem on the cup in 
A, the OmniCup, is flexible and can be laid flat against the cup. (From Vacca A. Handbook of Vacuum Delivery in Obstetric Practice. Albion, 
Australia: Vacca Research Pty. Ltd.; 2003.)

FIG 14-6 Placement of the OmniCup with flexible stem at the point of flexion of a fetus in the occiput posterior position; this is difficult to 
accomplish with traditional vacuum devices. (From Vacca A. Handbook of Vacuum Delivery in Obstetric Practice. Albion, Australia: Vacca 
Research Pty, Ltd.; 2003.)
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296 Section II! Intrapartum Care

anterior (OA) position to a more OP position when the second 
blade is applied. Therefore when the fetus is OA to LOA, the 
left blade is placed first. The operator holds the handle of the 
left blade in his or her left hand with the toe of the blade directed 
toward the floor. W ith the plane of the shank perpendicular 
to the floor, the cephalic curve of the blade is to be applied to 
the curve of the fetal head. To protect the vaginal sidewalls, the 
fingers of the right hand are placed within the left vagina with 
the palm of the hand facing the fetal skull. The cephalic curve 
of the blade should lie evenly against the fetal skull as the toe 
of the blade is placed at approximately 6 o’clock. The operator’s 
right thumb guides the heel of the blade and the right index 
finger guides the toe of the blade gently over the left parietal 
bone. The handle of the blade should be held lightly with the 
left thumb and index finger. As the blade is inserted into the 
pelvis, its shank and handle are to be rotated counterclockwise 
toward the right maternal thigh and then inward toward the 
maternal midline. This movement will guide the toe of the blade 
over the left parietal bone and onto the left malar eminence. The 
force applied by the left thumb and index finger on the handle 
should be minimal as the blade enters the maternal pelvis. If 
there is anything more than very light or slight resistance to 
blade entry into the maternal pelvis, the blade should be removed 
and the application technique reevaluated. Once the blade has 
been applied, an assistant may hold it in place. To place the right 
blade, this process is repeated with opposite hands doing the 
maneuvers described earlier.

When the fetus is in a right occiput anterior (ROA) position, 
the right fetal parietal bone is located in the posterior maternal 
pelvis so the posterior blade will be the right blade, and this is 
placed first. Once both blades are in place, if  the handles do not 
lock easily, the application is incorrect. The blades should have 
a bimalar, biparietal placement when applied properly (Fig.
14-7). Once the handles are locked, proper blade location must 
be confirmed. Identification of the posterior fontanel, sagittal 
suture, lambdoid sutures, and blade fenestrations enable the 
operator to confirm proper forceps blade placement before their 
use. The three criteria needed to confirm proper forceps 
application are (1) the posterior fontanel should be one fin- 
gerbreath above the plane o f the shanks and midway between

the blades, or the lambdoid sutures (or anterior fontanel for 
the OP fetus) should be equidistant from the upper edge of 
each blade; (2) the sagittal suture should be perpendicular to 
the plane o f the shanks; and (3) i f  using fenestrated blades, 
the fenestrations should be barely palpable.26 The operator 
should not be able to place more than one fingertip between 
the fenestration and the fetal head.

The direction of traction on the fetal head is determined by 
the station of the BPD (see Fig. 14-3). For example, higher fetal 
stations require a steeper angle of traction below the horizontal. 
The shape of the maternal pelvis may be visualized as the termi
nal end of the letter “J.” As the fetal head descends within the 
pelvis, the axis of traction follows a curved line upward from the 
floor. The axis of traction rises above the horizontal as the fetal 
head crowns and extends just as the head does in a spontaneous 
vaginal delivery. W ith the axis traction principle, force is directed 
in two vectors— downward and outward. One hand holds the 
shanks and exerts downward traction while the operator’s other 
hand holds the handles and exerts traction outward. As the 
vertex descends and exits, there will be a natural extension of 
the fetal head, and the forceps should guide the vertex through 
this pathway in such a fashion that the forceps handle will curve 
anteriorly relative to the patient, with the forceps handle nearly 
anterior to the pubic symphysis. An alternative method is to 
use it as an axis traction instrument; this attachment may be 
joined to the handle to facilitate traction below the handles in 
the line of the pelvic axis (see Fig. 14-3) and allows the forceps 
to follow the natural extension of the fetal head. Forceps trac
tion should begin with the uterine contraction and should 
coincide with maternal pushing efforts until the contraction 
ends. Fetal heart tones should be monitored. Descent should 
occur with each pull, and i f  no descent occurs after two to 
three pulls, the operative delivery should be halted and mea
sures should be taken to proceed with cesarean delivery. (See 
Video 14-1 for an example of the technique of forceps applica
tion and delivery.) Switching to a vacuum should be done very 
cautiously (see “Sequential Use of Vacuum and Forceps” later in 
this chapter).

Forceps may also be appropriate for OP, left occiput posterior 
(LOP), or right occiput posterior (ROP) positions if  the station

FIG 14-7 Proper application of obstetric forceps. (From O'Brien WF, Cefalo RC. Labor and delivery. In Gabbe SG, Niebyl JR, Simpson JL, eds. 
Obstetrics: Normal and Problem Pregnancies, ed 3. New York: Churchill Livingstone; 1996:377.)
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of the bony part of the head is truly at least +2 station. Infants 
in persistent OP position represent a unique challenge. With  
a deflexed or extended head, a wider diameter presents 
through the pelvic outlet, which requires more force for 
descent o f the fetal head. Proper assessment o f fetal station 
can be made complex by extension and molding o f the 
h e a d .W ith  fetal molding, the widest diameter o f the fetal 
head may be at a much higher station than the leading bony 
part, thus making traction within the proper pelvic axis dif
ficult to ascertain. The tendency is to overestimate station 
in OP positions, so the operator must be confident in their 
station assessment.

Rotational Forceps: A p p licatio n  for 
O ccip ut T ra n sv e rse  P o sitio n s
Rotation must be accomplished from the OT position before 
delivery of the fetal head. This may happen spontaneously, with 
manual assistance, or with use of forceps when appropriate. The 
reader is referred to Dennen’s Forceps Deliveries for a more exten
sive review of forceps rotation techniques.26 Forceps rotations 
should be attempted only with an experienced operator.

Classic Forceps
For left occiput transverse (LOT) positions, the posterior left 
blade should be applied first. The toe of the blade is placed at 6 
o’clock, and the cephalic curve is applied to the fetal head. The 
handle is lowered to facilitate blade entry into the posterior 
pelvis and rests below the horizontal, the degree of which will 
be determined by fetal station. The anterior right blade is 
known as the w a n d er in g  blade, and it is inserted with the right 
hand posteriorly at approximately 7 o’clock. Upward pressure 
on the blade is exerted with the fingers of the left hand as the 
right hand moves the handle in a clockwise arc across the left 
thigh toward the floor. The toe of the blade “wanders” from 
posterior to anterior, around the frontal bone, to rest anterior to 
the right ear. Elevation of the handle of the right blade permits 
movement of the blade further into the pelvis beyond the sym
physis and articulation at the handles. The proper attitude of 
flexion is created by moving the handles toward the pelvic 
midline. Rotation of the fetal head is accomplished by counter
clockwise rotation of the handles in a wide arc across the left 
thigh toward 12 o’clock. W ith classic forceps, a wide rotational 
arc at the handles produces the desired smaller arc of rotation 
at the toe of the blades. Once the OA position is reached, the 
blades may be readjusted before the generation of traction. This 
same procedure may be used for the right occiput transverse 
(ROT) position with classic forceps. In this instance, however, 
the right blade is posterior and should be applied first.

Kielland Forceps
Kielland forceps were originally designed for delivery o f the 
fetal head in deep transverse arrest.1 They are now also used 
for rotation o f the fetal head from OP or OT positions. The
advantage of Kielland forceps lies in the reverse pelvic curve, 
which permits placement of the blades in the direct OT position 
without elevation of the fetal head and loss of station. Unlike 
classic forceps, with Kielland forceps the anterior blade is applied 
first. Three methods o f Kielland forceps application have 
been described: (1) the inversion method, or classic applica
tion, (2) the wandering method, and (3) the direct method. ‘ 

The in v ers ion  m eth od  may be used in OT and LOP or ROP 
positions. In an LOT position, the right anterior blade is gently

guided below the symphysis with assistance from the operator’s 
left hand. W ith this application, the cephalic curve is facing up 
and beyond the symphysis, the handle is dropped below the 
horizontal, and the blade is rotated 180 degrees toward the 
midline until the cephalic curve rests on the parietal bone and 
malar eminence. If resistance is met with the inversion tech
nique, the wandering technique may be used.

The w a nd er in g  m eth od  for Kielland forceps is similar to that 
used for classic forceps. It requires initial placement of the ante
rior blade onto the posterior parietal bone with the cephalic 
curve directly applied to the fetus. The blade is then gently 
advanced around the face and frontal bone until it rests above 
the anterior fetal ear.

The d ir e c t  m eth od  of application is preferred when the head 
is at low fetal station near the pelvic outlet. If the anterior ear is 
palpable beyond the symphysis, the forceps may be directly 
applied, often with less difficulty than with the other two 
methods. W ith the cephalic curve facing the fetus, the blade is 
applied by lowering the handle toward the floor. The toe is then 
gently advanced with guidance from the operator’s opposite 
hand, and the posterior blade is inserted at 6 o’clock with the 
cephalic curve facing the fetal skull; the operator’s free hand is 
inserted into the posterior pelvis palm side up, and the blade is 
gently guided into position over the posterior ear. The sliding 
lock w ill permit closure of the blades and correction of asynclit
ism, when the axis of the fetal head is oriented obliquely to the 
axial planes of the pelvis (see Chapter 12). Unlike rotation with 
classic forceps, the reverse pelvic curve of Kielland forceps 
permits rotation directly on the axis of the shanks.26 The shanks 
and handles are rotated around the midline point of application 
and should be held during rotation in a plane perpendicular to 
the plane of the fetal BPD. In some instances, the fetal head 
may need to be elevated and even disengaged to accomplish 
the rotation. This is performed by keeping the handles of the 
Kielland forceps well below the horizontal plane, pushing 
the forceps in an anterior-cephalad direction with respect to the 
maternal pelvis (e.g., toward the maternal umbilicus). Failure to 
angle in such a direction will result in the forceps making contact 
with the sacral promontory and an inability to achieve the room 
needed for rotation. During the rotation, one finger should 
follow the sutures to ensure that the forceps and fetal head move 
as a single unit. Generally speaking, use of one hand should 
provide sufficient force to complete the rotation and is a good 
guide for avoiding excess force. After successful rotation, proper 
forceps placement should be confirmed before downward trac
tion is applied. Alternatively, the Kielland forceps could be 
removed, and classic forceps can be placed before traction. (See 
Video 14-2 for a demonstration of Kielland forceps application 
and delivery.)

Forceps R otation: A p p licatio n  for the  
O ccip u t Posterior Position
The fetal head may be rotated from OP to OA by use of the 
Scanzoni-Smellie technique using classic forceps.27 The posterior 
blade should be applied first and then appropriate placement of 
forceps should be confirmed. M inimal elevation of the fetal head 
upward within the pelvis will facilitate rotation. Movement of 
the handles in a wide arc toward the fetal back will enable rota
tion from the LOP position to OA. After rotation of the handles 
in a wide arc, the toe of the blades will be upside down with 
respect to the fetal malar eminence. They must then be removed 
and replaced properly before traction on the fetal head. Rotation
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298 Section III Intrapartum Care

from OP may also be accomplished with Kielland forceps. After 
successful rotation, traction can be applied for delivery of the 
fetal head.

V a cu u m  Extraction
As with forceps, successful use o f the vacuum extractor is 
determined by proper application on the fetal head and 
traction within the pelvic axis. The leading point o f the 
fetal head is the ideal position for vacuum cup placement. It 
is labeled the flexion point, or pivot point, and is located 
on the sagittal suture 2 to 3 cm below the posterior fonta
nel for the OA position and 2 to 3 cm above the posterior 
fontanel for the OP position. s Placement of the vacuum cup 
over the pivot point maintains the attitude of flexion for a well- 
flexed head and creates flexion in a deflexed head if traction 
is applied correctly. Incorrect placement on an asynclitic head 
results in unequal distribution of force and increases the risk of 
neonatal intracranial injury and scalp lacerations.28,23 Therefore 
knowledge of exact fetal position is important for efficacious 
vacuum placement. The force generated by vacuum suction is 
substantial, with recommended pressures ranging from 550 to 
600 mm Hg (11.6 psi).30 After initial placement of the cup, 
correct application must be confirmed, which includes deter
m ining that no vaginal tissue is caught beneath the vacuum 
cup before the vacuum pressure is raised to the desired level. 
Just as with forceps, traction should begin with each con
traction and should coincide with maternal pushing efforts. 
Routine traction between contractions should be avoided. 
In the absence of maternal pushing, traction alone increases 
the force required for fetal descent and increases the risk of 
cup detachment.28 Twisting or rocking of the vacuum cup to 
facilitate descent of the fetal head is not recommended because 
of an increased risk of scalp laceration and intracranial hemor
rhage (ICH).28,31 W ith correct application, traction in the pelvic 
axis often results in flexion and autorotation, depending on fetal 
station and the vacuum cup selected.29

Detachment o f the vacuum cup during traction should be 
viewed as an indication for reevaluation of the site o f applica
tion, direction o f axis traction, and fetal maternal pelvic 
dimensions. The rapid decompression that results from cup 
detachment for the soft and rigid vacuum cups has been associ
ated with scalp injury, and it should not be viewed as a safety 
mechanism that is without potential for fetal risk.29,3' Data are 
limited to provide evidence-based support for the maximum 
duration o f safe vacuum application, the maximum number 
of pulls required before delivery o f the fetal head, and the 
maximum number o f pop-ofFs or cup detachments before 
abandonment o f the procedure.28,29,33,34 There is a general 
consensus, however, that descent o f the fetal bony vertex 
should occur with each pull, and if no descent occurs after 
three pulls, the operative attempt should be stopped. Most 
authorities have recommended that the maximum number 
o f cup detachments (pop-ofFs) be limited to two or three and 
that the duration o f vacuum application before abandon
ment o f the procedure be limited to a maximum o f 20 to 30 
minutes.34,35 A randomized controlled trial (RCT) compared 
maintenance of suction of 600 mm Hg throughout the opera
tive delivery to reduction of suction to 100 mm Hg between 
contractions and found no differences in duration of operative 
delivery or in neonatal outcome.36 Finally, vacuum cup selection 
may play a role in the likelihood of successful vaginal delivery. 
The soft cup instruments used in modern practice are associated

with less scalp trauma but have a higher failure rate than rigid 
metal vacuum cups.35 A meta-analysis of nine RCTs of soft 
versus rigid vacuum extractor cups determined that the average 
failure rates were 16% and 9% for the soft and metal cups, 
respectively, and the detachment rates were 22% and 10% for 
the soft and metal cups, respectively. Higher failure rates with 
the soft cup may be secondary to difficulties associated with 
proper placement and traction, particularly if  the fetus is 
deflexed, malpositioned, or at higher station.2 ,35

R IS K S  A N D  B E N E F IT S  O F O P E R A T IV E  
V A G IN A L  D E L IV E R Y  
B enefits of O p erative V a g in a l D elivery
Most women desire a vaginal delivery.11 Therefore the safe 
and effective application o f instrumental delivery during the 
second stage o f labor is crucial. In addition, acknowledging 
the benefits o f operative vaginal delivery and the maternal 
views following these interventions is an important compo
nent to enhance counseling. In a cohort study of 393 women 
who had either a “difficult” operative vaginal delivery performed 
in the operating suite or a cesarean delivery for an arrest disorder 
in the second stage of labor, an equal proportion of patients in 
both groups desired future pregnancy (51% vs. 54%) when 
asked before hospital discharge. However, women who had an 
operative vaginal delivery were much more likely to desire a 
subsequent vaginal delivery compared with women delivered by 
cesarean section when asked immediately postpartum (79% vs. 
39% )11 and when asked again 3 years later (87% vs. 33% ).12 In 
addition, of those patients who achieved pregnancy within 3 
years of the index delivery in this cohort, substantially more 
women who had an operative vaginal delivery achieved subse
quent vaginal delivery compared with those who had a prior 
cesarean delivery (78% vs. 31% ).12 Johanson and colleagues37 
followed patients 5 years after a randomized trial that compared 
forceps delivery with vacuum extraction and demonstrated that 
more than 75% achieved a spontaneous vaginal delivery with a 
larger fetus in their second pregnancy.

Because women report fear of childbirth as a common reason 
for avoiding future pregnancies,12 patients who had an operative 
delivery were asked about their views on this procedure, includ
ing preparation for this type of delivery. Most women felt that 
their birth plan or antenatal classes had not properly prepared 
them for the possibility of an operative delivery in the second 
stage of labor.13 In addition, most had difficulty understanding 
the need for the intervention despite a review of the indications 
by the medical staff before discharge. These patients desired 
more focused antenatal information on operative delivery and a 
postdelivery debriefing by their delivering physician or midwife 
focused on the reasons for the intervention and their future 
pregnancy and delivery implications.13

M aternal R isk s
The focus o f recent attention regarding operative vaginal 
delivery has been the risk o f perineal trauma and subsequent 
pelvic floor dysfunction. The principle risks appear to be 
those o f urinary and fecal incontinence. However, the diffi
culty in establishing the precise risks o f this dysfunction in 
patients who have had an operative vaginal delivery com
pared with those who have not is confounded by many 
factors, including the indication for the operative delivery, 
number o f deliveries, maternal weight, neonatal birthweight
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and head circumference, perineal body length, episiotomy, 
and the effects o f maternal aging.38 We will examine three 
aspects of maternal risk associated with operative vaginal deliv
ery: significant perineal trauma (third- and fourth-degree lacera
tions), urinary incontinence, and fecal incontinence.

Perineal Trauma
Significant perin ea l trauma is generally defined as a third-degree 
laceration that involves the anal sphincter or a fourth-degree 
laceration that involves the rectal mucosa (see Chapter 18). 
Estimated frequencies of these injuries vary based on multiple 
maternal factors that include parity, birthweight, type of deliv
ery, and use of episiotomy. In a large, population-based retro
spective study o f more than 2 million vaginal deliveries, the 
frequency o f severe perineal injury was noted to be 11.5%  in 
nulliparous patients, 13.8%  in patients with a successful 
vaginal birth after cesarean delivery, and 1.8%  in multipa
rous patients.39 Increased risks of anal sphincter injuries were 
found to be associated with primiparity, macrosomia, shoulder 
dystocia, maternal diabetes mellitus, prolonged pregnancy, non
reassuring fetal heart rate patterns, and operative vaginal deliv
ery. In contrast to other studies that demonstrated a much larger 
risk of severe perineal injury as a result of forceps and vacuum 
delivery (sevenfold to eightfold), the study by Handa and col
leagues39 observed an odds ratio (OR) of only 1.4 for forceps 
delivery and 2.3 for vacuum delivery, suggesting that operative 
vaginal delivery may be associated with a much lower risk of 
third- and fourth-degree lacerations than was previously thought. 
In addition, these researchers found that episiotomy was associ
ated with a 10% decrease in anal sphincter laceration. Other 
studies have also observed that episiotomy associated with 
forceps use either did not increase the risk of third- or fourth- 
degree lacerations40 or it reduced their risk.41 Reduction in epi
siotomy use has also been associated with fewer severe perineal 
lacerations in two different studies that evaluated a total of more 
than 7000 consecutive deliveries.42'43 W hether more liberal use 
of episiotomy affects the rate of severe perineal lacerations 
remains to be evaluated in a prospective randomized trial.

Urinary Incontinence
Stress urinary incontinence is defined as the involuntary leakage 
of urine during effort or exertion and occurs at least once weekly 
in one third of adult women.44 Both pregnancy and the inter
val following pregnancy predispose women to urinary incon
tinence. Viktrup and Lose45 observed that 32%  o f nulliparous 
women developed urinary incontinence during pregnancy 
and 7%  developed it after delivery. One year following deliv
ery, only 3% reported incontinence; however, 5 years later, 
19% o f women asymptomatic following delivery had incon
tinence. The Norwegian Epidemiology of Incontinence in the 
County of Nord-Tremdelag (EPINCONT) study, with an 80% 
response rate to a survey of more than 11,000 nulliparous 
patients, observed a 24% prevalence of urinary incontinence and 
increased urinary incontinence symptoms with increasing age, 
body mass index (BMI), and number of years since delivery.46 
In addition, incontinence was significantly associated with birth
weight greater than 4000 g and fetal head circumference greater 
than 38 cm. Having at least one vacuum or forceps delivery in 
this cohort did not affect the risk of developing urinary incon
tinence. In a prospective study of the short- and long-term 
effects of forceps delivery compared with spontaneous vaginal 
delivery, which included both patient survey and clinical

examination data, Meyer and colleagues47 observed a similar 
incidence of urinary incontinence at both 9 weeks (32% vs. 
21%) and 10 months (20% vs. 15%). In addition, bladder 
neck and urethral sphincter function and intravaginal pressures 
were similar between the groups. The only difference noted 
was an increased incidence of a weak pelvic floor in the forceps 
group (20% vs. 6%) at the 10-month examination. In a 5-year 
follow-up study of patients randomized to either forceps or 
vacuum delivery, Johanson and colleagues48 observed no differ
ence in the incidence of urinary dysfunction between these 
groups. However, in a prospective observational study that used 
patient survey data, Arya and colleagues49 reported that urinary 
incontinence after forceps delivery was more likely to persist at
1 year compared with spontaneous vaginal delivery or vacuum 
delivery (11% vs. 3%). In a nulliparous cohort of more than 
1100 women who were continent prior to pregnancy, only 
those who had a cesarean delivery had significantly reduced 
odds of reporting persistent incontinence at 18 months post
partum, whereas those whose vaginal births were assisted with 
either forceps or vacuum reported no difference in persistent 
incontinence compared with those who had a spontaneous 
vaginal delivery.50 In addition, a study by Macleod and col
leagues51 reported that performance of an episiotomy was found 
to be protective against stress incontinence in those patients 
who were randomized to routine episiotomy versus restrictive 
episiotomy.

The only prospective randomized trial to assess urinary 
incontinence symptoms after planned elective cesarean deliv
ery compared with planned vaginal delivery is the Term 
Breech Trial.52 At 3 months postpartum, women randomized 
to cesarean delivery reported less urinary incontinence compared 
with those in the planned vaginal delivery group (4.5% vs. 
7.3% ; relative risk [RR], 0.62; 95% confidence interval [C l],
0.41 to 0.93). Finally, in a long-term (34-year) follow-up study 
of patients following either forceps, spontaneous vaginal deliv
ery, or an elective cesarean delivery without labor, urinary incon
tinence was found more frequently in those women who had a 
spontaneous vaginal delivery compared with those who had a 
forceps delivery (19% vs. 7%). In addition, the total number of 
vaginal deliveries was the only risk factor attributed to urinary 
incontinence in this cohort (OR, 19.5; 95% C l, 4.01 to 34.8; 
P=  .001).53 The precise association between mode o f vaginal 
delivery (spontaneous, forceps, or vacuum) and urinary 
incontinence remains unclear at this time in light o f the 
many other factors that appear to contribute to this condi
tion. However, forceps delivery appears to have little i f  any 
effect on the subsequent development o f urinary inconti
nence; therefore it is reasonable to counsel patients that the 
use o f forceps or vacuum for an appropriate obstetric indica
tion likely has no increased long-term effect on urinary 
incontinence compared with spontaneous vaginal delivery.

Fecal Incontinence
Overall rates o f anal sphincter injury noted at the time of 
vaginal delivery in nulliparous patients are reported to be 
between 7%  and 11 .5 % .;9’54’5 Operative vaginal delivery has 
been associated with an increased risk o f perineal injury, 
specifically third- and fourth-degree lacerations. 39,40 However, 
what is not clear is the precise incidence of occult anal sphincter 
injury in patients who deliver vaginally and the resulting effect 
on fecal incontinence. In the largest prospective study to evalu
ate the prevalence of anal sphincter in jury after forceps delivery
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TABLE 14-2 PREVALENCE OF ANAL SPHINCTER INJURY AFTER FORCEPS DELIVERY

REFERENCE
FORCEPS 
DELIVERIES (A/) IAS INJURY (N) EAS INJURY (AO

IAS AND EAS 
INJURY (A/)

TOTAL ANAL  
INJURY (%)

Sultan57 26 7 3 11 81
Sultan60 19 MD MD MD 79
Abramowitz58 35 MD MD MD 63
Belmonte-Montes59 17 0 11 2 76
Fitzpatrick61 61 0 34 0 56
De Parades56 93 0 11 1 13

EAS, external anal sphincter; IAS, internal anal sphincter; MD, missing data.

in nulliparous women using endoanal ultrasound, de Parades 
and colleagues56 examined 93 patients 6 weeks after delivery and 
found a 13% prevalence of anal sphincter injury. These findings 
are in contrast to other studies that have evaluated fewer patients 
each but found a higher prevalence of anal sphincter injury 
shortly following forceps delivery (Table 14-2).56 61

The difficulty with many o f the studies noted in Table 14-2 
is the extremely low number o f patients who return for the 
endoanal ultrasound following delivery. For example, even 
though Sultan and colleagues60 recruited patients from a previ
ous RCT of forceps and vacuum delivery, only 44 of the original 
313 patients (14%) were assessed. Because not all patients were 
evaluated, it is possible that significant selection bias occurred 
and that the actual prevalence of anal sphincter injury was lower 
because those patients most symptomatic would be likeliest to 
return for endoanal ultrasound. Indeed, in the largest random
ized trial to date to evaluate anal sphincter function following 
forceps or vacuum extraction, Fitzpatrick and colleagues61 were 
able to follow up on all 61 patients randomized to forceps deliv
ery and demonstrated a much lower rate of anal sphincter injury 
than previously reported (56%). Even though in this study, more 
patients who delivered by forceps described altered fecal conti
nence compared with those who had vacuum delivery (59% vs. 
33%), no differences were seen in endoanal ultrasound defects 
or in anal manometry results. In addition, no differences were 
reported in symptom scores between the groups, and the degree 
of disturbance to continence was low in both groups; the most 
common symptom was occasional flatal incontinence.

However, de Parades and colleagues56 found lower rates of 
anal sphincter injury (13%) and complaints of altered fecal 
continence (30%) following forceps delivery. Most symptomatic 
patients complained of persistence of incontinence of flatus 
(17 of 28), as noted in the study by Fitzpatrick.61 In addition, 
a significant increase in the daily number of stools was associ
ated with anal sphincter defects visible on endoanal ultrasound, 
but the development of altered fecal continence symptoms 
was not.56

Even though it appears that immediate complaints of 
altered fecal continence and evidence o f anal sphincter injury 
may be as high as 60%  immediately following operative 
vaginal delivery, data from long-term follow-up does not 
bear this figure out. For example, Johanson and colleagues48 
followed patients 5 years after randomization to either forceps 
or vacuum delivery and found no significant difference in com
plaints of altered fecal continence between the groups (15% vs. 
26%). In addition, most patients in the forceps and vacuum 
groups who noted altered fecal continence had occasional incon
tinence of flatus or diarrhea as their only symptom (70% and 
68%, respectively). In addition, 34-year follow-up data on 42 
patients delivered by forceps, compared with 41 patients

delivered by spontaneous vaginal delivery, demonstrated a higher 
rate of anal sphincter in jury on ultrasonography in the forceps 
group (44% vs. 22%), but no difference was apparent in the rate 
of altered fecal continence (14% vs. 10%).53 These data suggest 
that forceps delivery is a risk for sphincter injury but not for 
long-term fecal incontinence. In fact, logistic regression 
revealed that greater neonatal birthweight, and not forceps 
delivery, was the contributing risk for significant fecal incon
tinence in this study.53 However, in a large longitudinal study 
that surveyed 3763 women up to 12 years after delivery, 6% 
self-reported persistent fecal incontinence from either their 
3-month or 6-year follow-up survey. Logistic regression analysis 
demonstrated that any forceps delivery, maternal age between 
30 and 34 years, and obesity as defined by BMI were all inde
pendently associated with persistent fecal incontinence.62 There
fore, based on these studies, anal sphincter injury rates in women 
who deliver by forceps may be higher, and outcome data regard
ing the effect of forceps delivery on long-term rates of fecal 
incontinence are in conflict; thus further study of these out
comes is required to adequately assess this risk. These observa
tions could reflect the body’s ability to heal and compensate for 
anal sphincter injury over time and may also be the basis for 
questioning the importance and validity of early outcome assess
ments of anal incontinence.

Fetal R isks
The focus o f possible fetal injury associated with operative 
vaginal delivery includes craniofacial/intracranial injury 
and neurologic/cognitive effects. The risks o f fetal injury 
are generally instrument specific, and vacuum deliveries 
account for significandy higher rates o f cephalohematoma 
and subgaleal and retinal hemorrhages, and forceps deliver
ies account for a nonsignificantly higher rate o f scalp and 
facial injuries.63 In addition, the sequential use o f vacuum 
and forceps requires particular attention because use in this 
manner is associated with a maternal and neonatal risk that 
is greater than the sum o f the individual risks o f these 
instruments.1

Craniofacial and Intracranial Injury 
CEPHALOHEMATOMA AND SUBGALEAL HEMORRHAGE
Rates of subperiosteal cephalohematoma in vacuum-assisted 
vaginal deliveries are higher than rates for either forceps or 
spontaneous vaginal delivery (112/1000, 63/1000, and 17/1000, 
respectively).64'65 However, the most clinically significant and 
potentially life-threatening in jury in this category is a subgaleal 
hemorrhage (see Chapter 22). This “false cephalohematoma” 
was first described by Nagele in 1819 to differentiate it from a 
true subperiosteal cephalohematoma.66 Subgaleal hemorrhage 
occurs when blood collects in the loose areolar tissue in the
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space between the galea aponeurotica and the periosteum. If 
the veins that connect the dural sinus and the scalp rupture 
in this layer due to shear forces, the potential space within 
this loosely applied connective tissue in the subgaleal space 
may expand with blood well beyond the limits o f the suture 
lines (unlike a subperiosteal cephalohematoma, which is limited 
to blood and fluid collections within the margins of the suture 
lines). This space has the potential volume of several hundred 
milliliters of blood, which can produce profound neonatal hypo
volemia, leading to hypoxia, disseminated intravascular coagula
tion (DIC), end-organ injury, and death.67 Older literature cites 
several causes of subgaleal hemorrhage, along with the source: 
for vacuum extraction, it was 48%; spontaneous vaginal delivery, 
28%; forceps, 14%; and cesarean delivery, 9% .66 Although this 
is older literature reported in an era when a “low forceps” deliv
ery was broadly defined by the 1965 ACOG classification 
scheme, it is most important to note that these potentially life- 
threatening bleeds can also occur with spontaneous vaginal 
deliveries.

More recent data suggest that subgaleal hemorrhage occurs 
nearly exclusively with the vacuum device68 0 with an inci
dence of subgaleal bleeding of 26 to 45 per 1000.71 Benaron72 
reported an incidence of 1 per 200 with soft silicone vacuum 
cups. Subgaleal hemorrhage has an estimated incidence of 
approximately 4 per 10,000 spontaneous vaginal deliveries.66 In 
a 30-month prospective study, Boo73 evaluated more than
64,000 neonates and found that the incidence per live birth was 
much higher for vacuum extraction than for other modes of 
delivery (41/1000 vs. 1/1000). Both the type of cup and the 
duration of its use are predictors of scalp injury. Soft cups are 
more likely to be associated with a decreased incidence of scalp 
injuries but may not be less likely to result in a subgaleal hemor
rhage.4 In one study, vacuum application duration of more than 
10 minutes was the best predictor of scalp injury.74

In May 1998, the Food and Drug Administration (FDA) 
issued a public health advisory’1 regarding the use o f vacuum- 
assisted delivery devices. The advisory cited a fivefold increase 
in the rate o f deaths and serious morbidity during the previ
ous 4 years, compared with the past 11 years, and recom
mended use o f these devices only when a specific obstetric 
indication is present. Other recommendations included the 
following:
• Persons who use vacuum devices for assisted delivery should 

be versed in their use and aware of the indications, contrain
dications, and precautions supported in the accepted litera
ture and current device labeling.

• The recommended use for all these products is to apply steady 
traction in the line of the birth canal. Rocking movements or 
applying torque to the device may be dangerous. Because the 
instructions may be different for each device type or style, it 
is important to use the instructions provided by the manu
facturer of the particular product being used.

• Alert those who will be responsible for the infant’s care that 
a vacuum-assisted delivery device has been used so that they 
can monitor the infant for signs of complications.

• Educate the neonatal care staff about the complications of 
vacuum-assisted delivery devices that have been reported to 
the FDA and in the literature. They should watch for the signs 
of these complications in any infant in whom a vacuum- 
assisted delivery device was used.

• Report reactions associated with the use of vacuum-assisted 
delivery devices to the FDA.

Despite the fact that many recommend allowing no more 
than three pop-offs before successful delivery, no clear evi
dence suggests that three applications are safe; i f  the cup slips 
during traction without descent o f the vertex, neonatal scalp 
injury may still occur. 4 For example, Benaron 2 demonstrated 
that the risk of injury and bleeding is increased in nulliparous 
patients and in those with severe dystocia, malposition, and 
forceful, prolonged vacuum extractor use. Therefore caution 
must be taken with the use of vacuum extractor devices to avoid 
prolonged (>30 minutes) or forceful use.

INTRACRANIAL HEMORRHAGE
Rates o f clinically significant intracranial hemorrhage for 
vacuum, forceps, and cesarean delivery during labor are 
similar (1/860, 1/664, and 1/907, respectively) but are higher 
than those for cesarean delivery without labor (1/2750) and 
for spontaneous vaginal delivery (1/1900).71 Because cesarean 
delivery following abnormal labor was associated with the same 
rate of ICH as forceps and vacuum in this study, it is likely that 
the common risk factor for any increased risk of ICH is abnor
mal labor, not the type of operative vaginal delivery performed. 
In fact, because the prevalence of clinically silent subdural hem
orrhage is approximately 6% following uncomplicated sponta
neous vaginal delivery, the presence of this hemorrhage in an 
otherwise asymptomatic neonate does not necessarily indicate 
excessive birth trauma and again reflects the natural history of 
labor and delivery.76 In these neonates, the silent subdural hem
orrhages all resolved within 4 weeks of delivery.

NEUROLOGIC AND COGNITIVE EFFECTS
Vacuum-assisted vaginal deliveries increase the risk o f neo
natal retinal hemorrhages by approximately twofold com
pared with forceps deliveries.63 Despite this finding, data on 
the long-term consequences of these hemorrhages do not dem
onstrate any significant effect. Johanson and colleagues18 fol
lowed a cohort of children 5 years following an RCT of forceps 
versus vacuum extraction and found a 13% rate of visual prob
lems in the group. However, no difference was found between 
those delivered by forceps compared with those delivered by 
vacuum extraction (12.8% vs. 12.5%). Seidman and colleagues7' 
were also unable to detect any increased risk of vision abnormali
ties in a cohort of 1747 individuals delivered by vacuum extrac
tion compared with more than 47,000 individuals delivered by 
spontaneous vaginal delivery and examined at age 17 years by 
the Israeli Defense Forces draft board.

In addition, no long-term effect o f operative vaginal deliv
ery on cognitive development is apparent. Seidman and col
leagues77 demonstrated that mean intelligence scores at age 17 
years were no different between those delivered by forceps or 
vacuum extraction compared with those delivered by spontane
ous vaginal delivery. However, the mean intelligence scores for 
those delivered by cesarean delivery were significantly lower than 
those of the spontaneous delivery group. Similarly, in a 1993 
report from patients within the Kaiser system in Oakland, CA, 
Wesley and colleagues78 were unable to detect a difference in 
cognitive development by measuring IQ  in 1192 children deliv
ered by forceps, compared with 1499 who delivered spontane
ously, who were examined at age 5 years. Furthermore, of the 
1192 forceps deliveries, 114 were midforceps deliveries, and no 
differences in IQ  were seen at age 5 compared with 1500 con
trols. Finally, no association between forceps delivery and 
epilepsy in adulthood is apparent. Murphy and colleagues7 ’
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evaluated a cohort of more than 21,000 individuals and found 
forceps delivery was not associated with an increased risk of 
epilepsy or anticonvulsant therapy when compared with other 
methods of delivery.

Regarding long-term neurologic outcomes, in a 5-year 
follow-up of a prospective cohort of 264 women with term, 
singleton, cephalic pregnancies that required a second-stage 
operative delivery from 1999 to 2000, neonates delivered by 
forceps were found to have no significant differences in neuro- 
developmental outcome compared with those delivered by cesar
ean section.80

Evidence also suggests that forceps-assisted vaginal births 
may be protective against outcomes associated with poor 
long-term neurologic consequences. A retrospective review81 
of neonatal outcomes from more than 1 million singleton births 
between 1995 and 2003 revealed that when compared with 
vacuum-assisted vaginal delivery or cesarean delivery, forceps- 
assisted vaginal deliveries were associated with a reduced risk of 
adverse neurologic outcomes, including seizures and 5-minute 
Apgar scores less than 7.

C o m p lex O perative V a g in a l 
D elivery Procedures  
Rotations Greater Than 45 Degrees
The correct application and delivery technique using forceps is 
critical to the safe performance of this procedure. The outcomes 
of forceps delivery are often directly compared and contrasted 
with those of spontaneous vaginal delivery. When these com
parisons are made, forceps deliveries are associated with a higher 
rate of maternal injury than spontaneous vaginal deliveries. 
However, the comparison of these two modes of delivery is not 
appropriate because forceps applications require an indication 
for use that confounds the clinical outcome when compared 
with spontaneous vaginal delivery. A more appropriate compari
son to forceps delivery, or to operative vaginal delivery in general, 
is cesarean delivery for second-stage arrest disorder. Unfortu
nately, no prospective randomized trials directly compare these 
two modes of delivery. However, numerous retrospective 
studies that have compared midcavity and rotational forceps 
delivery with cesarean delivery demonstrate no increased risk 
o f fetal/neonatal adverse outcomes including Apgar score, 
umbilical cord blood gas values, birth trauma, and neonatal 
intensive care unit (NICU) admission.82'85 Specifically, the 
rates of neonatal morbidity associated with Kielland forceps 
rotation are similar to cesarean delivery, including rates of cepha- 
lohematoma (9% to 17%), facial bruising (13% to 18%), facial 
nerve injury (1% to 5%), neonatal encephalopathy (<1%), and 
brachial plexus injury (<1%).85'8 Interestingly, rates of maternal 
morbidity (intraoperative and postoperative complications, 
blood loss, and length of stay) have been found to be higher in 
patients delivered by cesarean delivery compared with those 
delivered by midcavity forceps delivery.82,83

The outcomes o f rotational forceps deliveries have also 
been evaluated and compared with nonrotational forceps 
delivery. Healy and colleagues88 evaluated 552 Kielland forceps 
rotations, 95 Scanzoni-Smellie maneuvers with classic instru
ments, and 160 manual rotations followed by delivery with a 
classic instrument and found no difference in neonatal outcomes 
between the groups. Krivac and colleagues89 compared 55 Kiel
land forceps rotations with 213 nonrotational forceps deliveries 
and found that 15 of the rotations were greater than 90 degrees, 
and 40 were less than 90 degrees but greater than 45 degrees.

They found that the Kielland forceps-rotation group had both 
a longer labor and longer second stage than the nonrotational 
group and a higher rate of 1-minute Apgar scores less than 6 
and meconium at delivery. However, the nonrotational forceps 
group had a greater incidence of postpartum hemorrhage (14% 
vs. 7%) and a higher rate of third- and fourth-degree lacerations 
(24% vs. 14%). No other differences in maternal or neonatal 
morbidity were noted, which included no difference in rates of 
nerve compromise (<1%), facial bruising (7%), shoulder dysto
cia (1%), or NICU admissions. Hankins and colleagues90 per
formed a retrospective case-controlled study that compared 113 
forceps deliveries greater than 90 degrees compared with 167 
forceps deliveries less than 45 degrees. No differences in major 
fetal injury were demonstrated between these two groups. 
M ajor fe ta l injury was defined as skull fracture, subdural 
hematoma and brachial plexus or facial nerve injury, and 
fetal acidemia (pH less than 7.0). Finally, Feldman and col
leagues91 compared 104 rotational forceps deliveries using Leff 
forceps for persistent OP position with 163 nonrotational 
forceps deliveries and found lower rates of episiotomy (66% vs. 
82%) and perineal lacerations (16% vs. 23%) in the forceps- 
rotation group and no differences in the rates of neonatal mor
bidity between the groups. These data suggest that when 
properly applied and used, forceps deliveries that require 
more than a 45-degree rotation may be safely accomplished 
without increased risk o f maternal or neonatal morbidity, 
therefore it should remain a management option for women 
with second-stage labor abnormalities.

Midpelvic Cavity Delivery
Like rotational forceps deliveries, delivery of the fetus from a 0 
or +1 station (midpelvic or midforceps) requires a specific set of 
skills and precautions. In 1988, ACOG reported on required 
conditions for a midforceps delivery that included (1) an 
experienced person performing or supervising the proce
dure, (2) adequate anesthesia, (3) assessment o f maternal- 
fetal size, and (4) willingness to abandon the attempt at 
delivery. This information should be taken together with the 
prerequisites set forth by Richardson and colleagues92: the mid
forceps procedure (1) must rationally be needed as an alter
native method o f delivery to cesarean delivery, (2) must be 
associated with demonstrably less maternal morbidity than 
cesarean delivery, and (3) should not result in fetal harm. 
Several studies that have compared cesarean delivery with mid
forceps procedures show that midforceps delivery is not associ
ated with more adverse neonatal outcomes including cord blood 
gases, Apgar scores, NICU admissions, and birth trauma.82,83,93 
In 1997, Revah and colleagues93 reported their findings of a 
retrospective chart review of 401 cesarean deliveries over a 7-year 
period in which a trial of operative delivery (forceps or vacuum) 
was conducted in 75 cases. No differences were reported for 
any maternal or fetal outcome between cesarean delivery with a 
trial of operative delivery versus no operative delivery attempt. 
Although the outcomes o f these studies are reassuring, 
because o f the technical skills required, it is most reasonable 
to abide by the guidance set forth in the ACOG practice bul
letin 1 published in 2000, which states, “Unless the preopera
tive assessment is highly suggestive o f successful outcome, 
trial o f operative vaginal delivery is best avoided.” In short, 
following the ACOG statement and the previously stated pre
requisites provides the skilled practitioner with guidelines and 
support for attempting a safe midpelvic cavity delivery.
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Sequential U se  of V a c u u m  and Forceps
The sequential use o f these instruments appears to increase 
the likelihood o f adverse maternal and neonatal outcomes 
more than the sum o f the relative risks o f each instrument. ,5'65
Compared with spontaneous vaginal delivery, deliveries by 
sequential use of vacuum and forceps are associated with signifi
cantly higher rates of ICH (RR, 3.9; 95% C l, 1.5 to 10.1), 
brachial plexus in jury (RR, 3.2; 95% C l, 1.6 to 6.4), facial nerve 
injury (RR, 3.0; 95% C l, 4.7 to 37.7), neonatal seizures (RR, 
13.7; 95% C l, 2.1 to 88.0), requirement for mechanical ventila
tion of the neonate (RR, 4.8; 95% C l, 2.1 to 11.0), severe peri
neal lacerations (RR, 6.2; 95% C l, 6.4 to 20.1), and postpartum 
hemorrhage (RR, 1.6; 95% C l, 1.3 to 2 .0).5̂  Therefore care 
should be taken to avoid the sequential use o f these instru
ments to reduce maternal and neonatal morbidity. Such 
switching of instruments should be lim ited to situations in 
which application of one type of instrument fails, and it should 
be performed by individuals skilled and experienced with opera
tive vaginal delivery procedures.

Trial of Operative Vaginal Delivery
Historically, an unsuccessful operative vaginal delivery has 
been associated with a high maternal and neonatal morbidity 
and up to a 38%  fetal mortality rate and 2% maternal mor
tality rate.94 Reports of increased morbidity and mortality in 
these cases led to the development of the concept of a trial of 
forceps in which immediate cesarean delivery was performed if, 
following correction of malposition and gentle traction, further 
descent of the fetal vertex was not noted.95 These attempts were 
often performed in the operating room instead of the delivery 
room, permitting rapid transition to cesarean delivery. Follow
ing implementation o f this concept, rates o f morbidity and 
mortality have fallen, documenting no difference in neonatal 
or maternal outcomes associated with a failed forceps or 
vacuum attempts in the absence o f a nonreassuring fetal 
heart rate tracing.96

V a c u u m  D elivery and th e Preterm  Fetus
No quality data support firm recommendations in regard to a 
gestational age lim it below which the vacuum extractor should 
not be used. Two studies have reported the use of soft cups 
without adverse outcomes in preterm fetuses; however, these 
studies were small and lacked power to demonstrate significance. 
No RCTs have compared forceps with vacuums or different 
vacuum types to pass judgment on a gestational age cutoff. 
ACOG reports that most experts in operative vaginal delivery 
limit the vacuum procedure to fetuses beyond 34 weeks’ 
gestation.71 This is a reasonable cutoff given that the premature 
head is likely at greater risk for compression-decompression 
injuries simply because of the pliability of the preterm skull and 
the more fragile soft tissues of the scalp.

C O U N S E L IN G : F O R C E P S , V A C U U M , 
OR C E S A R E A N  D E L IV E R Y
The increasing use of vacuum extraction over forceps has resulted 
in numerous publications that have compared efficacy and mor
bidity between methods. Table 14-3 provides a summary of the 
disadvantages associated with both methods. In a Cochrane 
meta-analysis97 that included 10 RCTs of vacuum and forceps 
use, vacuum extraction had a greater failure rate than that 
of forceps but was associated with less maternal trauma,

TABLE 14-3 COMPARATIVE MORBIDITIES ASSOCIATED 
WITH FORCEPS DELIVERY AND 
VACUUM EXTRACTION

FORCEPS

Greater third- and fourth-degree and 
vaginal lacerations 

Greater maternal discomfort 
postpartum 

Greater duration of training needed 
Increased risk of neonatal facial 

nerve injury

VACUUM EXTRACTION

Higher failure rate than forceps 
Increased risk of neonatal injury 
Minor: cephalohematoma, retinal 

hemorrhage 
Major: subarachnoid hemorrhage, 

subgaleal hemorrhage 
Less need for maternal anesthesia

Modified from Johanson RB, Menon BK. Vacuum extraction versus forceps for assisted 
vaginal delivery. Cochrane D atabase Syst Rev. 2000;(2):CD000224.

including third- and fourth-degree extensions and vaginal 
lacerations, than forceps use. Less maternal regional and 
general anesthesia was used for vacuum extractions, and no 
differences were found in significant neonatal injury between 
the two groups. Despite small sample sizes, vacuum extrac
tion was associated with an increased risk o f cephalohema
toma and retinal hemorrhage when compared with forceps 
use. Cephalohematoma formation with vacuum extraction was 
reported to have a mean incidence of 6%, with no difference 
between soft or rigid vacuum cups, and it is considered to be a 
finding of little significance.29,97 More information on the long
term effects of retinal hemorrhage related to vacuum delivery is 
needed.

Unless a patient is w illing to undergo cesarean delivery before 
the onset of advanced labor, there does not appear to be any 
advantage to avoiding operative vaginal delivery in an attempt 
to reduce the long-term risks of incontinence. The effects of 
both forceps and vacuum delivery on the risk o f developing 
urinary incontinence appear to be the same as those o f spon
taneous vaginal delivery: between 5% and 20% of women 
develop long-term persistent urinary incontinence regardless of 
vaginal delivery method. In addition, despite evidence that the 
anal sphincter injury rate in women who deliver by forceps is 
higher, it is not clear whether the long-term rates o f fecal 
incontinence in these women is any different than in those 
who deliver spontaneously. Approximately 10% to 30% of 
women develop some degree of altered fecal continence follow
ing vaginal delivery, and cesarean delivery before the onset of 
labor is the only reliable means of reducing this risk.

The greatest risk for urinary incontinence appears to be 
the total number o f vaginal deliveries, and the greatest risk 
for subsequent development o f fecal incontinence appears to 
be related to the effect o f the largest neonate delivered vagi- 
nally, irrespective o f mode o f delivery. Regarding fetal risks, 
vacuum deliveries appear to increase the incidence of cephalo
hematoma and subgaleal and retinal hemorrhages compared 
with forceps or spontaneous vaginal deliveries. Forceps deliveries 
increase the risk of facial bruising and transient facial nerve 
palsies compared with vacuum or spontaneous vaginal deliveries. 
However, no evidence suggests that these immediate neonatal 
morbidities result in any long-term visual, neurologic, or cogni
tive developmental abnormalities. Finally, patients delivered by 
cesarean delivery in the second stage have a higher risk of intra
operative and postoperative complications, higher rates of blood 
loss, and longer hospital stays than those delivered by operative 
vaginal delivery.

Patients should also be informed that substantially more 
women who have an operative vaginal delivery achieve
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subsequent vaginal delivery in the next pregnancy compared 
with those who have a cesarean delivery (78% vs. 31%). 
Therefore it is reasonable to counsel patients that the options 
for second-stage assisted delivery include both forceps and 
vacuum when appropriate, because the proper application of 
these instruments and execution of these deliveries can avoid 
the maternal morbidity associated with cesarean delivery and 
increase the likelihood of a subsequent vaginal delivery for the 
next pregnancy without additional long-term maternal or neo
natal risk.

In a Cochrane review64 of 10 randomized studies that com
pared the use of forceps to vacuum extraction for assisted vaginal 
delivery, vacuum devices were found to be more likely to fail 
than forceps, as noted above. However, vacuum use was also 
more likely to result in vaginal delivery, probably because failed 
vacuum extraction led to the use of forceps and subsequent 
vaginal delivery due to a lower forceps failure rate. A lower 
failure rate is not the only reason to consider forceps. Forceps 
may be the only acceptable instrument to effect an operative 
vaginal delivery in some circumstances. Some examples of 
these clinical situations include delivery o f the head at 
assisted breech delivery, assisted delivery o f a preterm infant 
younger than 34  weeks’ gestation, delivery with a face pre
sentation with mentum anterior, suspected coagulopathy or 
thrombocytopenia in the fetus, and instrumental delivery for 
maternal medical conditions that preclude pushing.11 Because 
the specific clinical situation and operator experience are the key 
factors that contribute to the choice of instrument, it is critical 
that students of obstetrics be thoroughly familiar with the use 
of both instruments. Fin ally, an attempt at counseling patients 
on the risks, benefits, and alternatives o f operative vaginal 
delivery should take place during prenatal visits. This is 
because it is not ideal to counsel patients in the second stage of 
labor when they are generally experiencing pain and exhaustion 
and may be under the influence of narcotics. This counseling 
should also be documented in the medical record.

S IM U L A T IO N  A N D  R E S ID E N C Y  T R A IN IN G  
IN O P E R A T IV E  V A G IN A L  D E L IV E R Y
The overall incidence o f operative vaginal delivery has 
remained stable over the past 15 years. Interestingly, over this 
same time span, vacuum extraction procedures have over
taken forceps procedures as the method o f choice (Fig. 14-8). 
In a review of operative vaginal delivery, Yeomans98 strongly 
advocates that residency training programs incorporate detailed 
instructions in forceps techniques and that simulation training 
precede clinical work to enhance understanding of the mechan
ics. Bahl and colleagues99 reviewed video recordings to establish 
critical components of nonrotational vacuum deliveries, and 
they defined key technical skills required for the evaluation of 
clinical competence of trainees in this technique. Further 
detailed studies are needed to ensure that both vacuum and 
forceps techniques can be taught and evaluated first with the use 
of simulation and then in the clinical setting.

A 1992 report of a survey conducted by Ramin and col
leagues100 of U.S. residency training programs reported that 
most programs use the 1988 classification scheme and that 86% 
taught midforceps delivery. It should be noted that even though 
a large percentage of programs teach the complex forceps pro
cedures, the number of such procedures to reach proficiency has 
not been elucidated. In short, the overall decline in forceps

FIG 14-8 The overall incidence of operative vaginal delivery (OVD) has 
remained stable over the last 15 years. Interestingly, over this same 
time span, vacuum extraction procedures have overtaken forceps 
procedures as the method of choice. (Modified from Miksovsky P, 
Watson WJ. Obstetric vacuum extraction: state of the art in the new 
millennium. Obstet Gynecol Surv. 2001 ;56:736.)

TABLE 14-4 MODES OF DELIVERY AND BIRTH 
OUTCOMES BEFORE AND AFTER 
INITIATION OF DEDICATED 
OBSTETRICS STAFF LOCATED 
ON LABOR AND DELIVERY

BEFORE AFTER P VALUE

Births 3481 4338 .0001
Cesarean section 888 (26%) 1183 (27%) NS
Operative vaginal 394 (11%) 461 (11%) NS

delivery
Forceps 172 (5%) 337 (8%) .00001
Vacuum 222 (6%) 124 (3%) .00001
Third- or fourth-degree 126 (4%) 134 (3%) NS

lacerations
Birth injury 8 (0.2%) 13 (0.3%) NS
Apgar score <7 at 5 min 67 (2%) 104 (2%) NS

NS, not significant.

procedures performed, the complexity of midpelvic cavity deliv
eries, and the shift from complex rotational deliveries to vacuum 
extraction and cesarean deliveries by younger faculty—as shown 
by Tan and colleagues86 and Jain and colleagues101— may make 
the midforceps procedure obsolete in the near future.100 In 
response to these types o f concerns, Solt and associates102 con
ducted a unique study to determine whether the rates of vacuum 
extraction and forceps procedures could be reversed without an 
increase in morbidity in a residency program. This retrospective 
study compared outcomes 2 years before and 2 years after an 
obstetrics faculty member was dedicated to the labor floor from 
Monday through Thursday, 7 AM to 5 PM. Table 14-4 depicts 
how such a dedicated instructor can increase the number of 
forceps deliveries relative to vacuum extractions without 
increasing third- or fourth-degree lacerations or adverse neo
natal outcomes. In fact, the number o f events o f fetal pH less 
than 7.1 was reduced during the teaching period. ’1

Although the early 1990s report by Ramin and colleagues100 
provided encouraging information regarding the use of the 1988 
classification scheme, a 2004 study by Carollo and others103 is 
unsettling. This study conducted a survey of several teaching 
hospitals in the Denver area and asked the following important 
questions: (1) How do you define fetal station? (2) How do you 
think a majority of your colleagues define fetal station? (3) How 
do you think ACOG defines fetal station? and (4) How impor
tant do you think these distinctions are? W hat makes this study
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management option for women with second-stage labor 
abnormalities.

♦ The sequential use of vacuum extraction and forceps 
increases the likelihood of adverse maternal and neona
tal outcomes more than the sum of the relative risks of 
each instrument.
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Electrocardiogram ECG
Electronic fetal heart rate m on ito ring EFM
Fetal heart rate FHR
Human im m unodefic iency virus HIV
Herpes s im plex virus HSV
H ypoxic-ischem ic encephalopathy HIE

OVERVIEW
Normal human labor is characterized by rhythmic uterine con
tractions that intermittently interrupt the transplacental passage 
of oxygen from the mother to the fetus. These brief episodes of 
transient interruption of oxygenation are tolerated without con
sequence by almost all fetuses. In a very small subset, however, 
severe fetal oxygen deficiency can lead to hypoxic in jury or even 
death. M any possible causes of fetal or neonatal in jury are not 
directly related to fetal oxygenation, including conditions such 
as infection, congenital anomalies, and meconium aspiration. 
However, intrapartum interruption of fetal oxygenation is the 
condition for which conservative and/or operative interventions 
have the greatest potential to prevent in jury or death. To that 
end, intrapartum fetal monitoring is intended to assess the ade
quacy of fetal oxygenation during labor. Evidence of interrupted 
fetal oxygenation demonstrated by the monitor can alert the 
clinician to the need for further evaluation and possible conser
vative interventions to ameliorate oxygen deficiency, such as 
administration of supplemental oxygen or maternal position 
changes. If conservative measures are not successful, the monitor 
can help determine the frequency, duration, and severity of 
interrupted oxygenation so that appropriately informed deci
sions can be made regarding the optimal tim ing and method of 
delivery to avoid the potential consequences of fetal hypoxia.

BRIEF HISTORY OF FETAL MONITORING
Auscultation of the fetal heart was described in the medical 
literature as early as the eighteenth century.1'2 In 1822, Le 
Jumeau de Kergaradec proposed that auscultation of the fetal 
heart could be useful in confirming pregnancy, diagnosing mul
tiple gestations, determining fetal position, and judging the state 
of fetal health or disease by changes in strength and frequency 
of the heart tones.2 Later, others described fetal heart rate (FHR) 
changes associated with changes in fetal oxygenation, umbilical 
cord compression, fetal head compression, “fetal distress,” and 
“asphyxic intoxication.”1,2 These observations were made using 
the stethoscope (mediate auscultation) or with the ear of the 
examiner placed directly upon the maternal abdomen (immedi
ate auscultation). In 1917, Hillis described the modified stetho
scope known today as the DeLee-Hillis fetoscope.

In 1906, Cremer recorded the first fetal electrocardiogram 
(ECG). By placing one electrode on the maternal abdomen and 
another in the vagina, he observed small fetal electrical impulses 
among the higher-voltage maternal signals. For decades, the 
clinical usefulness of the abdominal fetal ECG was lim ited by 
unreliable signal quality. Recent technological advances that 
have improved the accuracy and reliability of abdominal fetal 
ECG will be discussed later in this chapter.

In te rm ittent auscultation IA
Intrauterine pressure catheter IUPC
M illim eters o f m ercury mm Hg
National Institute of Child Health and NICHD

Human Developm ent
System ic lupus erythem atosus SLE

The concept of direct application of the ECG electrode to the 
fetus in utero was introduced in the 1950s. During the 1960s, 
Hon3 in the United States, Caldeyro-Barcia and colleagues4 in 
Uruguay, and Hammacher5 in Germany pioneered the develop
ment of electronic fetal monitoring (EFM). The first practical 
clinical FHR monitor became available in the United States 
in 1968, and throughout the 1970s, FHR monitoring became 
increasingly incorporated into obstetric practice. The introduc
tion of Doppler ultrasound technology permitted FHR moni
toring in patients with intact membranes. By 2002, EFM was 
used in approximately 85% of all births in the United States.6 
Today, most women who give birth in the United States have 
EFM during labor.

INSTRUMENTATION
The fetal monitor tracing is a continuous paper strip comprising 
two Cartesian graphs. The upper graph displays an instanta
neous recording of the FHR; time is shown on the x-axis, and 
heart rate is shown on the _y-axis. On the x-axis, fine vertical lines 
represent intervals of 10 seconds, and heavy vertical lines repre
sent 1-minutes intervals. Fine horizontal lines on the jy-axis 
represent intervals of 10 beats/min with a range of 30 to 240 
beats/min. Uterine activity is displayed on the lower graph, time 
is on the x-axis, and pressure is on the j-axis. Fine vertical lines 
represent intervals of 10 seconds, and heavy vertical lines repre
sent 1-minutes intervals. On the j/-axis, fine horizontal lines 
represent intervals of 5 mm Hg with a range of 0 to 100 mm Hg. 
Heart rate and uterine activity are plotted separately on the 
heat-sensitive paper by thermal pens. Standard paper speed is
3 cm/min in the United States and 1 cm/min in most other 
countries.

Direct Fetal Heart Rate and 
Uterine Activity Monitoring
Direct FHR monitoring involves transcervical application of 
an ECG electrode to the fetus, dilation of the cervix, rupture of 
the membranes, and access to the fetal presenting part. These 
requirements lim it the use of direct monitoring to the intrapar
tum period. The bipolar fetal ECG electrode is attached directly 
to the fetal presenting part by gently screwing a small spiral 
metal wire into the skin. When one pole of the electrode is 
applied to the fetal presenting part and the other pole is bathed 
in vaginal fluid to complete the electrical circuit, the ECG 
electrode detects electrical impulses that originate in the fetal 
heart; amplified signals are processed by a cardiotachometer 
(Fig. 15-1). Computer logic compares each incoming fetal QRS 
complex with the one immediately preceding it. The time inter
val between the two complexes is measured electronically and is
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FIG 15-1 Techniques used for direct monitoring of fetal heart rate (FHR) and uterine contractions (UC). The fetal electrocardiogram is obtained 
by direct application of the scalp electrode, which is then attached to a leg plate on the mother's thigh. The signal is transmitted to the monitor, 
where it is amplified, counted by the cardiotachometer, and then recorded. Uterine contractions are assessed with an intrauterine pressure 
catheter connected to a pressure transducer. This signal is then amplified and recorded.

used to calculate a heart rate, which is plotted as a point on the 
FHR graph located on the upper channel of the paper chart. 
This process is repeated with each cardiac cycle to produce a 
series of closely spaced individual points that appear on the 
paper chart as an irregular line that represents a graphic instan
taneous display of the FHR.

Direct assessment of uterine activity uses a thin, flexible intra
uterine pressure catheter (IUPC) placed transcervically into the 
amniotic cavity. Intrauterine pressure is transmitted from the 
amniotic fluid through the fluid-filled catheter to an external 
pressure transducer. The transducer converts pressure measure
ments into electrical signals to permit the continuous display of 
pressure readings on the uterine activity graph located on the 
lower channel of the paper chart. Newer catheters use closed 
systems with a strain gauge or sensors in the catheter tip that 
relay signals to a strain gauge located at the base of the catheter. 
A second port can be used to infuse saline into the amniotic 
cavity (amnioinfusioti) to relieve variable FHR decelerations 
caused by umbilical cord compression. An appropriately cali
brated IUPC permits accurate assessment o f the frequency, 
duration, and intensity o f uterine contractions as well as the 
baseline uterine tone between contractions.

Indirect Fetal Heart Rate and 
Uterine Activity Monitoring
Indirect (external) monitoring does not require the transcervical 
placement of electrodes or catheters. Consequently, external 
FHR monitoring uses an ultrasound transducer applied with 
straps to the maternal abdomen and can be performed prior to 
labor. Ultrasound waves produced by the transducer are trans
mitted to the maternal skin through coupling gel; these waves 
penetrate maternal and fetal tissues and are reflected by moving 
tissue interfaces. Waves reflected from moving structures of the 
fetal heart return to the transducer for processing. Fetal heart 
structures moving toward the transducer reflect ultrasound 
waves at a higher frequency than the outgoing signal, whereas 
structures moving away from the transducer reflect ultrasound 
waves at a lower frequency. These changes in frequency, known 
as Doppler shift or Doppler effect, produce phasic signals that are

converted into a graphic display of the FHR in a process similar 
to that used in direct monitoring (Fig. 15-2). The raw signals 
produced by an external ultrasound transducer are more prone 
to artifact than those produced by a direct fetal ECG electrode. 
However, with improved computer processing and application 
of the autocorrelation technique, FHR tracings produced by 
modern external monitors are comparable to those produced by 
a direct fetal ECG electrode.

Indirect assessment of uterine activity is performed with a 
pressure transducer (tocodynamometer) applied tightly to the 
maternal abdomen over the uterine fundus. Uterine contractions 
change the shape and rigidity of the uterus and anterior abdomi
nal wall, which generates pressure changes that are transmitted 
to the sensor located in the tocodynamometer transducer. 
Changes in pressure are converted into electrical signals and are 
plotted on the lower channel of the paper chart as a continuous 
display of uterine activity. When properly positioned on the 
maternal abdomen, the external tocodynamometer permits 
assessment o f the relative frequency and duration o f uterine 
contractions. However, it does not direcdy measure intra
uterine pressure and therefore does not provide a reliable 
assessment o f uterine contraction intensity or resting tone 
between contractions. When external uterine activity monitor
ing is used, contraction intensity and baseline uterine tone 
usually are assessed by palpation. Contraction strength is graded 
as mild, moderate, or strong depending upon the degree to which 
the uterine fundus can be indented by palpation with the fin
gertips during the peak of a uterine contraction. During mild 
contractions, the fundus is easily indented by the fingertips; 
during strong contractions, the fundus cannot be indented. If 
the fundus can be indented by intermediate pressure, the con
traction strength is moderate.

PHYSIOLOGIC BASIS FOR ELECTRONIC 
FETAL HEART RATE MONITORING
The objective of intrapartum FHR monitoring is to prevent 
fetal injury that might result from interruption of normal fetal 
oxygenation during labor. The underlying assumption is that
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FIG 15-2 Instrumentation for external monitoring. Fetal heart rate (FHR) is monitored using the Doppler ultrasound transducer, which both emits 
and receives the reflected ultrasound signal that is then counted and recorded. Uterine contractions (UC) are detected by the pressure-sensitive 
tocodynamometer and are then amplified and recorded.

interruption of fetal oxygenation leads to characteristic physio
logic changes that can be detected by changes in the FHR. The 
role of intrapartum FHR monitoring in assessing the fetal physi
ologic changes caused by interrupted oxygenation can be sum
marized in two key points. Fetal oxygenation involves (1) the 
transfer of oxygen from the environment to the fetus, and (2) 
the fetal response to interruption of oxygen transfer. Specific 
FHR patterns provide reliable information regarding these two 
aspects of fetal oxygenation.

TRANSFER OF OXYGEN FROM THE 
ENVIRONMENT TO THE FETUS
Oxygen is transferred from the environment to the fetus by 
maternal and fetal blood along a pathway that includes the 
maternal lungs, heart, vasculature, uterus, placenta, and umbili
cal cord. The “oxygen pathway” is illustrated in Figure 15-3. 
Interruption of oxygen transfer can occur at any or all of the 
points along this pathway.

External Environment
Oxygen comprises approximately 21% of inspired air. Therefore 
in inspired air, the partial pressure exerted by oxygen gas (PO2) 
isapproximately21%oftotalatmosphericpressure(760 mm Hg) 
minus the pressure exerted by water vapor (47 min Hg). At sea 
level, this translates to approximately 150 mm Hg. As oxygen is 
transferred from the external atmosphere to maternal blood and 
then to fetal blood, the partial pressure progressively declines. 
By the time oxygen reaches fetal umbilical venous blood, the 
partial pressure may be as low as 30 mm Hg. After oxygen is 
delivered to fetal tissues, the PO2 o f deoxygenated blood in 
the umbilical arteries returning to the placenta is approxi
mately 15 to 25 mm Hg. ' The sequential transfer of oxygen 
from the environment to the fetus and potential causes of inter
ruption at each step are described below.

Maternal Lungs
Inspiration carries oxygenated air from the external environment 
to the distal air spaces of the lungs, the alveoli. On the way to 
the alveoli, inspired air mixes with less oxygenated air leaving

Environment

O xygen
pathw ay

Lungs

Fleart

Vasculature

Uterus

Placenta

Cord

Fetal
response

Fetal oxygenation involves 
transfer of oxygen from the 
environment to the fetus 
along a pathway that 
includes the maternal lungs, 
heart, vasculature, uterus, 
placenta, and umbilical cord.

Fetal oxygenation also 
involves the consequences 
of interruption of fetal 
oxygenation, including 
hypoxemia, hypoxia, 
metabolic acidosis, 
metabolic acidemia, and 
potential injury.

FIG 15-3 The oxygen pathway.

the lungs. As a result, the PO2 of air within the alveoli is lower 
than that in inspired air. At sea level, alveolar PO2 is approxi
mately 100 to 105 mm Hg. From the alveoli, oxygen diffuses 
across a thin blood-gas barrier into the pulmonary capillary 
blood. This pulmonary blood-gas barrier consists of three layers: 
a single-cell layer of alveolar epithelium and basement mem
brane, a layer of extracellular matrix (interstitium), and a 
single-cell layer of pulmonary capillary endothelium and base
ment membrane. Interruption of oxygen transfer from the

ak
us

he
r-li

b.r
u



312 Section III Intrapartum Care

PO2 (mm Hg)

FIG 15-4 Maternal oxygen dissociation curve. The tendency for 
hemoglobin to release oxygen is increased by factors that signal 
an increased requirement for oxygen. Specifically, oxygen release 
is enhanced by factors that indicate active cellular metabolism. 
These factors shift the oxyhemoglobin saturation curve to the right 
and include anaerobic metabolism (reflected by increased 2,3- 
diphosphoglycerate concentration), production of lactic acid (reflected 
by decreased pH), aerobic metabolism (reflected by increased partial 
pressure of carbon dioxide [PC02]), and heat.

environment to the alveoli can result from airway obstruction 
or depression of central respiratory control caused by medica
tions (narcotics, magnesium) or convulsions (apnea). Interrup
tion of oxygen transfer from the alveoli to the pulmonary 
capillary blood can be caused by a number of factors that include 
ventilation-perfusion mismatch and diffusion defects due to 
conditions such as pulmonary embolus, pneumonia, asthma, 
atelectasis, or acute respiratory distress syndrome (ARDS).

Maternal Blood
After diffusing from the pulmonary alveoli into maternal blood, 
more than 98% of oxygen combines with hemoglobin in mater
nal red blood cells. The remaining 1% to 2% is dissolved in the 
blood and is measured by the partial pressure of oxygen in arte
rial blood (PaO2). The amount of oxygen bound to hemoglobin 
depends directly upon the PaO2. Hemoglobin saturations at 
various PaO2 levels are illustrated by the oxyhemoglobin disso
ciation curve (Fig. 15-4).

A normal adult PaO2 value of 95 to 100 mm Hg results in a 
hemoglobin saturation of approximately 95% to 100%, indicat
ing that hemoglobin is carrying 95% to 100% of the total 
amount of oxygen it is capable of carrying. A number of factors 
affect the affinity of hemoglobin for oxygen and can shift 
the oxyhemoglobin dissociation curve to the left or right. In 
general, the tendency for hemoglobin to release oxygen is 
increased by factors that signal an increased requirement 
for oxygen. Specifically, oxygen release is enhanced by factors 
that indicate active cellular metabolism. These factors shift 
the oxyhemoglobin saturation curve to the right and include 
by-products of anaerobic metabolism (reflected by increased 
2,3-diphosphoglycerate [DPG] concentration), production of 
lactic acid (reflected by decreased pH), by-products of aerobic 
metabolism (reflected by increased partial pressure of carbon 
dioxide [PCO2]), and heat. Interruption of oxygen transfer from

the environment to the fetus due to abnormal maternal oxygen- 
carrying capacity can result from severe anemia or from heredi
tary or acquired abnormalities that affect oxygen binding, such 
as hemoglobinopathies or methemoglobinemia. In an obstetric 
population, reduced maternal oxygen-carrying capacity is an 
uncommon cause of interrupted fetal oxygenation.

Maternal Heart
From the lungs, pulmonary veins carry oxygenated maternal 
blood to the heart. Pulmonary venous blood enters the left 
atrium with a PaO2 of approximately 95 to 100 mm Hg. Oxy
genated blood passes from the left atrium through the mitral 
valve into the left ventricle and out the aorta for systemic dis
tribution. Normal transfer of oxygen from the environment to 
the fetus is dependent upon normal cardiac function, reflected 
by cardiac output— the product of heart rate and stroke volume. 
Heart rate is determined by intrinsic cardiac pacemakers (sino
atrial node, atrioventricular node), the cardiac conduction 
system, autonomic regulation (sympathetic, parasympathetic), 
intrinsic humoral factors (catecholamines), extrinsic factors 
(medications), and local factors (calcium, potassium). Stroke 
volume is determined by preload, contractility, and afterload. 
Preload is the amount of stretch on myocardial fibers at the end 
of diastole when the ventricles are full of blood, and it is depen
dent on the volume of venous blood returning to the heart. 
Contractility is the force and speed with which myocardial fibers 
shorten during systole to expel blood from the heart. Afierload 
is the pressure that opposes the shortening of myocardial fibers 
during systole and is estimated by the systemic vascular resis
tance or systemic blood pressure.

Interruption of oxygen transfer from the environment to the 
fetus at the level of the maternal heart can be caused by any 
condition that reduces cardiac output, including altered heart 
rate (arrhythmia), reduced preload (hypovolemia, compression 
of the inferior vena cava), impaired contractility (ischemic heart 
disease, diabetes, cardiomyopathy, congestive heart failure), or 
increased afterload (hypertension). In addition, structural abnor
malities of the heart and great vessels (valvular stenosis, valvular 
insufficiency, pulmonary hypertension, coarctation of the aorta) 
may impede its ability to pump blood. In a healthy obstetric 
patient, the most common cause o f reduced cardiac output 
is reduced preload resulting from hypovolemia or compres
sion o f the inferior vena cava by the gravid uterus.

Maternal Vasculature
Oxygenated blood leaving the heart is carried by the systemic 
vasculature to the uterus. The vascular path includes the aorta, 
common iliac artery, internal iliac (hypogastric) artery, anterior 
division of the internal iliac artery, and the uterine artery. 
From the uterine artery, oxygenated blood travels through the 
arcuate, radial, and finally the spiral arteries before exiting the 
maternal vasculature and entering the intervillous space of 
the placenta. Interruption o f oxygen transfer from the envi
ronment to the fetus at the level o f the maternal vasculature 
commonly results from hypotension caused by regional 
anesthesia, hypovolemia, impaired venous return, impaired 
cardiac output, or medication. Alternatively, it may result 
from vasoconstriction of distal arterioles in response to endog
enous vasoconstrictors or medications. Conditions associated 
with chronic vasculopathy—such as chronic hypertension, long
standing diabetes, collagen vascular disease, thyroid disease, or 
renal disease— may result in chronic suboptimal transfer of
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Lobe

Lobule Intervillous space

FIG 15-5 Placental blood flow.

oxygen and nutrients to the fetus at the level of the maternal 
vasculature. Preeclampsia is associated with abnormal vascular 
remodeling at the level of the spiral arteries and can impede 
perfusion of the intervillous space. Acute vascular injuries 
(trauma, aortic dissection) are rare. In a healthy obstetric patient, 
transient hypotension is the most common cause of interrupted 
oxygen transfer at the level of the maternal vasculature. Chronic 
vascular conditions can exacerbate this interruption and should 
be considered in the course of thorough evaluation.

Uterus
Between the maternal uterine arteries and the intervillous space 
of the placenta, the arcuate, radial, and spiral arteries and their 
corresponding veins traverse the muscular wall of the uterus. 
Interruption o f oxygen transfer from the environment to the 
fetus at the level o f the uterus commonly results from uterine 
contractions that compress intramural blood vessels and 
impede the flow o f blood. Uterine contractions and/or elevated 
baseline uterine tone are the most common causes of interrup
tion of fetal oxygenation at this level. Uterine rupture is less 
common but must be considered in the appropriate clinical 
context.

Placenta
The placenta facilitates the exchange of gases, nutrients, wastes, 
and other molecules— for example antibodies, hormones, and

medications— between maternal blood in the intervillous space 
and fetal blood in the villous capillaries. On the maternal side 
of the placenta, oxygenated blood exits the spiral arteries and 
enters the intervillous space to surround and bathe the chorionic 
villi. On the fetal side of the placenta, paired umbilical arteries 
carry blood from the fetus through the umbilical cord to the 
placenta. At term, the umbilical arteries receive 40%  o f fetal 
cardiac output. Upon reaching the placental cord insertion site, 
the umbilical arteries divide into multiple branches that fan out 
across the surface of the placenta. As illustrated in Figure 15-5, 
at each cotyledon, placental arteries dive beneath the surface en 
route to the chorionic villi.

The chorionic villi are microscopic branches of trophoblast 
that protrude into the intervillous space. Each villus is perfused 
by a fetal capillary bed that represents the terminal distribution 
of an umbilical artery. At term, fetal villous capillary blood is 
separated from maternal blood in the intervillous space by a thin 
blood-blood barrier similar to the blood-gas barrier in the mater
nal lung. The placental blood-blood barrier is comprised of a 
layer of placental trophoblast and a layer of fetal capillary endo
thelium with intervening basement membranes separated by a 
layer of villous stroma. Substances are exchanged between mater
nal and fetal blood by a number of mechanisms, including 
simple diffusion, facilitated diffusion, active transport, bulk 
flow, pinocytosis, and leakage. Examples of these mechanisms 
are summarized in Table 15-1. Oxygen is transferred from the
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TABLE 15-1 M E C H A N IS M S  OF P L A C E N T A L  T R A N S F E R

MECHANISM DESCRIPTION SUBSTANCES

Simple diffusion Passage of substances along a concentration gradient from a region of higher Oxygen, carbon dioxide, small ions (sodium
concentration to one of lower concentration that is passive and does not require chloride), lipids, fat-soluble vitamins, many
energy drugs

Facilitated diffusion Passage of substances along a concentration gradient with the assistance of a carrier Glucose, carbohydrates
molecule without energy requirement

Active transport Passage of substances against a concentration gradient with the assistance of a carrier Amino acids, water-soluble vitamins, large ions
molecule and energy

Bulk flow Transfer of substances by a hydrostatic or osmotic gradient Water, dissolved electrolytes
Pinocytosis Transfer of engulfed particles across a cell membrane Immunoglobulins, proteins
Breaks and leakage Small breaks in the placental membrane that allow passage of plasma and substances Maternal or fetal blood cells

Uterine vein 
pH 7.3
POa 40 mm Hg 
PC02 40-50 mm Hg

Uterine artery 
pH 7.4-7.45 
P02 95-100 mm Hg 
PCOz 30-35 mm Hg

Umbilical arteries 
pH 7.2-7.3 
Po2 15-25 mm Hg 
PC02 45-55 mm Hg

Umbilical vein 
pH 7.3-7.4 
Po2 25-35 mm Hg 
PC02 35-45 mm Hg

FIG 15-6 Uterine and umbilical blood gas values. (From Miller LA, Miller 
DA, Martin Tucker S. Mosby's Pocket Guide to Fetal Monitoring: A 
Multidisciplinary Approach. St. Louis: Elsevier; 2012.)

intervillous space to the fetal blood by a process that depends 
upon the P a02 o f maternal blood perfusing the intervillous 
space, the flow o f oxygenated maternal blood into and out 
o f the intervillous space, the chorionic villous surface area, 
and the rate o f oxygen diffusion across the placental blood- 
blood barrier.

Intervillous Space P a02
Oxygenated maternal blood leaves the maternal heart with a 
partial pressure of oxygen dissolved in arterial blood (PaO2) of 
approximately 95 to 100 mm Hg. Exiting the spiral arteries to 
perfuse the intervillous space of the placenta, oxygenated mater
nal blood has a PaO2 of approximately 95 to 100 mm Hg. 
Oxygen is released from maternal hemoglobin and diffuses 
across the placental blood-blood barrier into fetal blood, where 
it combines with fetal hemoglobin. As a result, maternal blood 
in the intervillous space becomes relatively oxygen depleted and 
exits the intervillous space via uterine veins with a PaO2 of 
approximately 40 mm Hg (Fig. 15-6).

The average PaO2 of maternal blood in the intervillous space 
is between the PaO2 of blood entering the intervillous space (95 
to 100 mm Hg) and the PaO2 of blood exiting the intervillous 
space (40 mm Hg). The average intervillous space PaO2 is in 
the range o f 45 mm Hg. Interruption of fetal oxygenation can 
result from conditions that reduce the PaO2 of maternal blood 
entering the intervillous space. These conditions have been dis
cussed previously.

Intervillous Space Blood Flow
At term, uterine perfusion accounts for 10% to 15% of maternal 
cardiac output, or approximately 700 to 800 mL/min. Much of 
this blood is located in the intervillous space of the placenta 
surrounding the chorionic villi. Conditions that can reduce the 
volume of the intervillous space include collapse or destruction

of the intervillous space because of placental abruption, infarc
tion, thrombosis, or infection.

Chorionic Villous Surface Area
Optimal oxygen exchange is dependent upon normal chorionic 
villous surface area. Normal transfer of oxygen from the environ
ment to the fetus at the level of the placenta can be interrupted 
by conditions that lim it or reduce the chorionic villous surface 
area available for gas exchange. These conditions can be acute 
or chronic and include primary abnormalities in the develop
ment of the villous vascular tree or secondary distortion of 
normal chorionic villous architecture by infarction, thrombosis, 
hemorrhage, inflammation, infection, or abnormal vascular 
growth.

Diffusion Across the Blood-Blood Barrier
Diffusion of a substance across the placental blood-blood barrier 
is dependent upon concentration gradient, molecular weight, 
lipid solubility, protein binding, and ionization. In addition, 
the diffusion rate is inversely proportional to the diffusion dis
tance. At term, the placental blood-blood barrier is very thin, 
and the diffusion distance is short. Under normal circum
stances, oxygen and carbon dioxide diffuse readily across this 
thin barrier; however, normal diffusion can be impeded by con
ditions that increase the distance between maternal and fetal 
blood. These conditions can be acute, subacute, or chronic and 
include villous hemorrhage, inflammation, thrombosis, infarc
tion, edema, fibrosis, and excessive cellular proliferation charac
terized by the presence o f syncytial knots.10

Interruption of Placental Blood Vessels
For the sake of completeness, fetal blood loss caused by injury 
to blood vessels at the level of the placenta warrants discussion. 
Damaged chorionic vessels can allow fetal blood to leak into the 
intervillous space, leading to fetal-maternal hemorrhage. This 
may be a consequence of abdominal trauma but can also occur 
in association with placental abruption or invasive procedures, 
and a specific cause is not always identified. Ruptured vasa previa 
is a rare cause of fetal hemorrhage. Vasa previa is a placental 
vessel traversing the chorioamniotic membrane in close proxim
ity to the cervical os. Such a vessel may be damaged by normal 
cervical change during labor, or it can be injured inadvertently 
during membrane rupture or digital exam.

Summary of Placental Causes of Interrupted Oxygenation
M any conditions can interfere with the transfer of oxygen across 
the placenta. Those that involve the microvasculature frequently 
are diagnosed by histopathologic examination after delivery. 
C linically detectable causes, such as placental abruption or
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bleeding placenta previa or vasa previa, should be considered but 
may not be amenable to conservative corrective measures.

Fetal Blood
After oxygen has diffused from the intervillous space across the 
placental blood-blood barrier and into fetal blood, the venous 
PO2 is in the range of 30 mm Hg, and fetal hemoglobin satura
tion is between 50% and 70%. Although fetal PO; and hemo
globin saturation values are low in comparison to adult 
values, adequate delivery o f oxygen to the fetal tissues is 
maintained by a number o f compensatory mechanisms. For 
example, fetal cardiac output per unit weight is greater than that 
of the adult. Hemoglobin concentration and affinity for oxygen 
are greater in the fetus as well, resulting in increased oxygen- 
carrying capacity. Finally, oxygenated blood is directed preferen
tially toward vital organs by way of laminar blood flow and 
anatomic shunts at the level of the ductus venosus and foramen 
ovale. Conditions that can interrupt the transfer of oxygen from 
the environment to the fetus at the level of the fetal blood are 
uncommon but may include fetal anemia and reduced oxygen- 
carrying capacity secondary to alloimmunization, hemoglobin
opathy, glucose-6-phosphate dehydrogenase (G6PD) deficiency, 
viral infections, fetomaternal hemorrhage, methemoglobinemia, 
or bleeding vasa previa.

Umbilical Cord
After oxygen binds to fetal hemoglobin in the villous capillaries, 
oxygenated blood returns to the fetus by way of villous veins 
that coalesce to form placental veins on the surface of the pla
centa. Placental surface veins unite to form a single umbilical 
vein within the umbilical cord. Interruption o f the transfer 
of oxygen from the environment to the fetus at the level of 
the umbilical cord can result from simple mechanical com
pression. Other uncommon causes may include vasospasm, 
thrombosis, atherosis, hypertrophy, hemorrhage, inflammation, 
or a true “knot.” From the environment to the fetus, maternal 
and fetal blood carries oxygen along the oxygen pathway illus
trated in Figure 15-3. Examples of causes of interrupted oxygen 
transfer at each step along the pathway are summarized in 
Table 15-2.

Gas exchange also involves the transfer of carbon dioxide in 
the opposite direction, from the fetus to the environment. Any 
condition that interrupts the transfer of oxygen from the envi
ronment to the fetus has the potential to interrupt the transfer 
of carbon dioxide from the fetus to the environment. However, 
carbon dioxide diffuses across the placental blood-blood barrier 
more rapidly than does oxygen; therefore any interruption of the 
pathway is likely to impact oxygen transfer to a greater extent 
than it does carbon dioxide transfer.

FETAL RESPONSE TO INTERRUPTED 
OXYGEN TRANSFER
Depending upon frequency, degree, and duration, interruption 
of oxygen transfer at any point along the oxygen pathway may 
result in progressive deterioration of fetal oxygenation. The 
cascade begins with hypoxemia, defined as decreased oxygen 
content in the blood. At term, hypoxemia is characterized by an 
umbilical artery PaO2 below the normal fetal range of approxi
mately 15 to 25 mm Hg. Recurrent or sustained hypoxemia can 
lead to decreased delivery of oxygen to the tissues and reduced 
tissue oxygen content, termed hypoxia.

TABLE 15-2 E X A M P L E S  OF C A U S E S  OF IN T E R R U P TE D  

O X Y G E N  T R A N S F E R  A T  EAC H  STEP IN 

T H E  O X Y G E N  P A T H W A Y ____________________

CAUSES OF INTERRUPTED OXYGEN 
TRANSFER

Respiratory depression (narcotics, magnesium)
Seizure (eclampsia)
Pulmonary embolus 
Pulmonary edema
Pneumonia/acute respiratory distress syndrome 
Asthma 
Atelectasis
Pulmonary hypertension (rarely)
Chronic lung disease (rarely)
Reduced cardiac output 
Hypovolemia
Compression of the inferior vena cava 
Regional anesthesia (sympathetic blockade)
Cardiac arrhythmia 
Congestive heart failure (rarely)
Structural cardiac disease (rarely)
Hypotension 
Hypovolemia
Compression of the inferior vena cava 
Regional anesthesia (sympathetic blockade)
Medications (hydralazine, labetalol, nifedipine) 
Vasculopathy (chronic hypertension, SLE, preeclampsia) 
Vasoconstriction (cocaine, methylergonovine)
Excessive uterine activity 
Uterine stimulants (prostaglandins, oxytocin)
Uterine rupture 
Placental abruption 
Vasa previa (rarely)
Fetal-maternal hemorrhage (rarely)
Placental infarction, infection (usually confirmed 

retrospectively)
Cord compression 
Cord prolapse 
True “knot”

SLE, systemic lupus erythematosus.

Normal homeostasis requires an adequate supply of oxygen 
and fuel in order to generate the energy required by basic cellular 
activities. W hen oxygen is readily available, aerobic metabolism 
efficiently generates energy in the form of adenosine triphos
phate (ATP). By-products of aerobic metabolism include carbon 
dioxide and water. When oxygen is in short supply, tissues 
may be forced to switch from aerobic to anaerobic metabo
lism, which generates energy less efficiently and results in the 
production o f lactic acid. Accumulation o f lactic acid in the 
tissues results in metabolic acidosis. Lactic acid accumulation 
can lead to utilization of buffer bases, primarily bicarbonate, to 
help stabilize tissue pH. If the buffering capacity is exceeded, 
tissue pH and eventually blood pH may begin to fall, leading 
to metabolic acidemia.

Acidemia is defined as increased hydrogen ion content 
(decreased pH) in the blood. Recurrent or sustained hypoxia 
and acidosis in the peripheral tissues can lead to loss of periph
eral vascular smooth muscle contraction, reduced peripheral 
vascular resistance, hypotension, and potential hypoxic-ischemic 
injury to critical tissues and organs, including the brain and 
heart. W ith respect to fetal physiology, it is critical to distin
guish between respiratory acidemia, caused by accumulation 
o f CO2, and metabolic acidemia, caused by accumulation o f  
lactic acid in excess o f buffering capacity. Respiratory acide
mia is relatively common and clinically benign.9 Conversely,
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metabolic acidemia is uncommon and may be a marker of clini
cally significant interruption of fetal oxygenation."

Mechanisms of Injury
If interruption of fetal oxygenation progresses to the stage 
of metabolic acidemia and hypotension, as described above, 
multiple organs and systems— including the brain and heart— 
can suffer hypoperfusion, reduced oxygenation, lowered pH, 
and reduced delivery of fuel for metabolism. These changes 
can contribute to a cascade of cellular events that include 
altered enzyme function, protease activation, ion shifts, altered 
water regulation, abnormal neurotransmitter metabolism, free 
radical production, and phospholipid degradation. Disruption 
of normal cellular metabolism can to lead to cellular and tissue 
dysfunction, injury, and even death.

Injury Threshold
The relationship between fetal oxygen deprivation and neuro
logic injury is complex. Electronic FHR monitoring was intro
duced with the hope that it would reduce the incidence of 
neurologic injury in the form of cerebral palsy (CP) caused by 
intrapartum interruption of fetal oxygenation. Subsequently, it 
has become apparent that most cases o f CP are unrelated to 
intrapartum events and therefore cannot be prevented by 
modification o f intrapartum management, including FHR 
monitoring. Nevertheless, some cases of CP may be linked to 
events during labor and delivery; therefore it is important to 
understand, to the extent possible, the relationship between 
intrapartum fetal oxygenation and the subsequent development 
of CP. In 1999, the International Cerebral Palsy Task Force 
published a consensus statement12 identifying essential criteria 
to establish intrapartum interruption of fetal oxygenation as a 
possible cause of CP. In January of 2003, The American College 
of Obstetricians and Gynecologists (ACOG) and the American 
Academy of Pediatrics (AAP) Cerebral Palsy Task Force pub
lished a monograph11 entitled “Neonatal Encephalopathy and 
Cerebral Palsy: Defining the Pathogenesis and Pathophysiology,” 
which summarized the literature regarding the relationship 
between intrapartum events and neurologic injury. Agencies and 
professional organizations that endorsed the ACOG-AAP task 
force report include the Centers for Disease Control and Preven
tion (CDC), the Child Neurology Society, the March of Dimes 
Birth Defects Foundation, the National Institute of Child 
Health and Human Development (NICHD), the Royal Austra
lian and New Zealand College of Obstetricians and Gynecolo
gists, the Society for Maternal-Fetal Medicine (SMFM), and the 
Society of Obstetricians and Gynaecologists of Canada.

The consensus report established four essential criteria to 
define an acute intrapartum hypoxic event sufficient to cause CP 
(Box 15-1). The first criterion identified significant umbilical 
artery metabolic acidemia at birth (pH <7.0 and base deficit 
>12 mmol/L) as an essential prerequisite to establish a possible 
link between intrapartum interruption of fetal oxygenation and 
the later diagnosis of CP. It is important to recognize that even 
when significant metabolic acidemia is present, neonatal 
encephalopathy and fetal neurologic injury are uncommon. 
Respiratory acidemia without a metabolic component is not a 
significant risk factor for fetal neurologic injury.9

The second criterion emphasized that in the absence of mod
erate to severe neonatal encephalopathy, intrapartum interrup
tion of fetal oxygenation is very unlikely to result in CP. Neonatal 
encephalopathy has many possible causes. Hypoxic-ischemic

BOX 15-1 ESSENTIAL CRITERIA TO DEFINE AN ACUTE 
INTRAPARTUM EVENT SUFFICIENT TO CAUSE 
CEREBRAL PALSY

1. U m b ilic a l c o rd  a rte r ia l b lo o d  pH <7 and  base d e fic it 
>12 m m o l/L

2. E a rly  o n se t o f seve re  o r m o d e ra te  n e o na ta l 
e n c e p h a lo p a th y  in in fa n ts  b o rn  a t 34 o r m o re  w eeks o f 
g e s ta tio n

3. C erebra l p a lsy  o f  th e  sp a s tic  q u a d r ip le g ic  o r  d y s k in e tic  
ty p e

4. E xc lu s io n  o f o th e r  id e n tif ia b le  e tio lo g ie s  such  as 
t ra u m a ,*  c o a g u la tio n  d is o rd e rs , in fe c tio u s  c o n d itio n s , 
o r g e n e tic  d is o rd e rs

*Does not refer to  fetal in jury potentially related to the mechanical 
forces o f labor or maternal expulsive efforts.

BOX 15-2 CRITERIA THAT COLLECTIVELY SUGGEST THE 
EVENT OCCURRED WITHIN 48 HOURS OF BIRTH

1. A  s e n tin e l h y p o x ic  e ve n t im m e d ia te ly  b e fo re  o r  d u rin g  
la b o r

2. A  su d d e n  and su s ta in e d  fe ta l b ra d y c a rd ia , o r  the  
absence  o f fe ta l h e a rt ra te  v a r ia b il ity  in th e  p resence  o f 
p e rs is te n t la te  o r v a ria b le  d e c e le ra tio n s , u s u a lly  a fte r a 
h y p o x ic  se n tin e l e ve n t w h e n  th e  p a tte rn  w a s  p re v io u s ly  
n o rm a l

3. A p g a r sco res o f  0 to  3 b e y o n d  5 m in
4. O nse t o f  m u lt is y s te m  in v o lv e m e n t w ith in  72 h r o f  b ir th
5. E a rly  im a g in g  s tu d y  s h o w in g  e v id e n ce  o f acu te  

n o n fo c a l ce re b ra l a b n o rm a lity

encephalopathy (HIE) resulting from intrapartum interruption 
of fetal oxygenation represents only a small subset of neonatal 
encephalopathy, and most cases of HIE do not result in perma
nent neurologic injury.

The third criterion acknowledged that different subtypes of 
CP have different potential origins. The spastic quadriplegic 
subtype of CP caused by injury to the parasagittal cortex is 
characterized by abnormal motor control of all four extremities. 
The dyskinetic subtype of CP associated with in jury to the basal 
ganglia involves disorganized, choreoathetoid movements. 
Although the presence of these CP subtypes does not constitute 
conclusive evidence of intrapartum hypoxic injury, they are 
the only subtypes that have been linked to hypoxic-ischemic 
neurologic injury at term. Other CP subtypes such as spastic 
diplegia, hemiplegia, ataxia, and hemiparetic CP are unlikely to 
result from acute intrapartum hypoxia. Conditions such as 
epilepsy, mental retardation, and attention-deficit/hyperac- 
tivity disorder do not result from intrapartum fetal hypoxia 
in the absence o f CP.11

The fourth criterion highlighted the fact that hypoxic-ischemic 
in jury due to intrapartum interruption of fetal oxygenation is a 
potential cause o f a relatively small subset of all cases o f CP. 
Other identifiable etiologies include trauma, coagulation disor
ders, vascular accidents, infectious conditions, and genetic dis
orders. The 2003 ACOG-AAP Cerebral Palsy Task Force report11 
further identified five criteria to help establish the timing of 
injury, emphasizing that these criteria are not specific to hypoxic- 
ischemic injury. These criteria are summarized in Box 15-2.

In 2014, the ACOG-AAP Neonatal Encephalopathy Task 
Force revisited the scientific evidence linking intrapartum events,
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neonatal encephalopathy and subsequent neurologic outcome. 
The resulting monograph, Neonatal Encephalopathy and Neuro
logic Outcome (Second Edition), reaffirmed the concept that the 
pathway from intrapartum hypoxic-ischemic in jury to subse
quent CP must progress through neonatal encephalopathy.13 
The report also reaffirmed the conclusion that spastic quadriple- 
gia and dyskinetic CP are the subtypes most likely to be associ
ated with hypoxic intrapartum injury at term. These conditions 
were not identified as absolute requirements for the diagnosis of 
intrapartum hypoxic neurologic injury. The 2 0 14  report further 
concluded that “unless the newborn has accumulated signifi
cant metabolic acidemia, the likelihood o f subsequent neu
rologic and cardiovascular morbidities attributable to 
perinatal events is low,” and “in a fetus exhibiting either 
moderate variability or accelerations o f the FHR, damaging 
degrees o f hypoxia-induced metabolic acidemia can reliably 
be excluded.” Unlike its predecessor, the 2014 task force report 
did not identify metabolic acidemia as an absolute requirement 
to diagnose intrapartum hypoxic neurologic injury.

PATTERN RECOGNITION 
AND INTERPRETATION
The clinical application of electronic FHR monitoring (EFM) 
consists of three interdependent elements: (1) definition, that is, 
the words used to describe the FHR observations; (2) interpreta
tion, or the physiologic significance of the FHR observations; 
and (3) management, or the clinical response to the FHR 
observations.

EVOLUTION OF STANDARDIZED FETAL 
HEART RATE DEFINITIONS
Electronic FHR monitoring was introduced into clinical prac
tice before consensus was reached regarding standardized defini
tions of FHR patterns. This resulted in wide variations in the 
descriptions and interpretations of common FHR observations, 
and this lack of standardization was a major impediment to 
effective communication. In 1995 and 1996, the NICHD con
vened a workshop to develop “standardized and unambiguous 
definitions for fetal heart rate tracings.”14 However, the NICHD 
recommendations were not incorporated rapidly into clinical 
practice, and wide variations persisted. In May, 2005, ACOG 
endorsed the 1997 NICHD recommendations in Practice Bul
letin #62 (subsequently updated in December 2005 in Practice 
Bulletin #70).15 Shortly thereafter, the NICHD definitions were 
endorsed by the Association of Women’s Health, Obstetric and 
Neonatal Nurses (AWHONN) and the American College of 
Nurse Midwives (ACNM).

2008 NATIONAL INSTITUTE OF CHILD 
HEALTH AND HUMAN DEVELOPMENT 
CONSENSUS REPORT
A second NICHD consensus panel was convened in 2008 to 
review and update the standardized definitions published in 
1997 and to seek consensus regarding basic principles of FHR 
interpretation.16 The standardized NICHD definitions pub
lished in 2008 are summarized in Table 15-3.

In addition to clarifying and reiterating the standardized FHR 
definitions proposed by the 1997 NICHD consensus statement, 
the 2008 report recommended a simplified, objective system

TABLE 15-3 S T A N D A R D  FE TA L H E A R T 

_______________ RATE D E F IN IT IO N S _________________________

PATTERN DEFINITION

Baseline Mean FHR rounded to increments of 5 beats/min
in a 10-min window, excluding accelerations, 
decelerations, and periods of marked FHR variability 
(>25 beats/min). There must be at least 2 min of 
identifiable baseline segments (not necessarily 
contiguous) in any 10-min window or the baseline 
for that period is indeterminate.

• Normal baseline FHR range 110 to 160 beats/min
• Tachycardia is defined as an FHR baseline >160 

beats/min
• Bradycardia is defined as an FHR baseline <110 

beats/min
Variability Fluctuations in the FHR baseline are irregular in

amplitude and frequency and are visually quantitated 
as the amplitude of the peak to the trough in beats 
per minute.

• Absent—amplitude range undetectable
• Minimal—amplitude range detectable but 

<5 beats/min
• Moderate (normal)—amplitude range 6 to 

25 beats/min
• Marked—amplitude range >25 beats/min

Accelerations Abrupt increase (onset to peak <30 sec) in the FHR
from the most recently calculated baseline. At >32 
weeks, an acceleration peaks >15 beats/min above 
baseline and lasts >15 sec but <2 min.

At <32 weeks, acceleration peaks >10 beats/min above 
baseline and lasts >10 sec but <2 min.

Prolonged acceleration lasts >2 min but <10 min.
Acceleration >10 min is a baseline change.

Early Gradual (onset to nadir >30 sec) decrease in FHR
during a uterine contraction.

Onset, nadir, and recovery of the deceleration occur at 
the same time as the beginning, peak, and end of the 
contraction, respectively.

Late Decrease in FHR is gradual (onset to nadir >30 sec)
during a uterine contraction.

Onset, nadir, and recovery of the deceleration occur 
after the beginning, peak, and end of the contraction, 
respectively.

Variable Decrease in the FHR is abrupt (onset to nadir <30 sec)
and >15 beats/min below the baseline and lasting 
>15 sec but less than 2 min.

Prolonged Deceleration is >15 beats/min below baseline and lasts
>2 min or more but <10 min. Deceleration >10 min 
is a baseline change.

Sinusoidal Pattern in FHR baseline is smooth, sine wave-like, and
pattern undulating with a cycle frequency of 3 to 5/min that

persists for at least 20 min.

FHR, fetal heart rate.

Chapter 15 Intrapartum Fetal Evaluation

for classifying FHR tracings. The 2008 NICHD classification 
system replaced subjective terms such as fe ta l distress, fe ta l stress, 
reassuring fe ta l status, nonreassuring fe ta l status, and fe ta l intoler
ance to labor—all of which are defined inconsistently in the 
literature.

As summarized in Box 15-3, the three-tier system groups 
FHR tracings into one of three categories. Category I includes 
tracings with a normal baseline rate (110 to 160 beats/min); 
moderate variability; and no variable, late, or prolonged decel
erations. Category III includes tracings with at least one of 
the following four traits: (1) absent variability with recurrent 
late decelerations, (2) absent variability with recurrent variable 
decelerations, (3) absent variability with bradycardia for at least
10 minutes, or (4) a sinusoidal pattern for at least 20 minutes. 
Category II includes all tracings that do not meet criteria for
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318 Section III Intrapartum Care

BOX 15-3 FETAL HEART RATE CATEGORIES

C a te g ory  I re q u ire s  a ll o f th e  fo llo w in g :
• B ase line  rate: 110 to  160 b e a ts /m in
• V a r ia b ility : M o d e ra te
• A cce le ra tio n s : P resent o r a b se n t
• D e ce le ra tio n s : N o la te , v a ria b le , o r p ro lo n g e d  

d e c e le ra tio n s
C a te g o ry  II
• A n y  fe ta l h e a rt rate tra c in g  th a t d o e s  n o t m ee t c r ite r ia  

fo r  c la s s ific a tio n  in c a te g o ry  I o r  III
C a te g ory  III re q u ire s  at least o n e  o f th e  fo llo w in g :
• A b s e n t v a r ia b il ity  w ith  re c u rre n t late d e c e le ra tio n s
• A b s e n t v a r ia b il ity  w ith  re c u rre n t va ria b le  d e c e le ra tio n s
• A b s e n t v a r ia b il ity  w ith  b ra d y c a rd ia  fo r  a t least 10 m in
• S in u s o id a l p a tte rn  fo r  a t least 20 m in

classification as category I or category Ilf. The proposed FHR 
categories provide a summary method of defining FHR tracings, 
but they do not replace complete description of baseline rate, 
variability, accelerations, decelerations, sinusoidal pattern, and 
changes or trends over time.

The 2008 NICHD consensus report also addressed uterine 
activity. Normal uterine contraction frequency was defined as five 
or fewer contractions in a 10-minute window averaged over 30 
minutes. Contraction frequency of more than 5 in 10 minutes 
averaged over 30 minutes was defined as tachysystole, 1 6  a term 
that applies to both spontaneous and stimulated labor.16'1' 
Equally important aspects of uterine activity include contraction 
intensity, contraction duration, resting time between contrac
tions, and resting uterine tone between contractions. The terms 
hyperstimulMion and hypercontractility are defined inconsistently 
in the literature; therefore the consensus report recommended 
they be abandoned. The recommendations of the 2008 NICHD 
consensus report were subsequently published in ACOG Prac
tice Bulletins 106 and 116.1/18

The physiology underlying common FHR patterns has been 
the subject of scientific investigation for decades; however, most 
theories regarding the physiologic significance of specific FHR 
patterns have not been substantiated by appropriately controlled 
scientific research. In an area as critical as intrapartum FHR 
monitoring, it is imperative to distinguish between concepts 
based on scientific evidence and those based on unsubstantiated 
theories. Scientific evidence can be stratified according to the 
method outlined by the U.S. Preventive Services Task Force as 
summarized in Box 15-4.19

Level I evidence is considered the most robust, and level III 
is the least so. Only level I and level II analytic evidence is 
capable of establishing statistically significant relationships. 
Level III descriptive evidence can be used to generate theories, 
but is not capable of proving them.

Definitions and General Considerations
The standardized definitions proposed by the NICHD in 1997 
and reiterated in 2008 apply to the interpretation of FHR pat
terns, produced either by a direct fetal electrode that detects the 
fetal ECG or by an external Doppler device that detects fetal 
cardiac motion using the autocorrelation technique, a computer
ized method of minimizing the artifact associated with Doppler 
ultrasound calculation of the FHR, a feature incorporated in 
all modern FHR monitors. Other important general consid
erations are as follows:

BOX 15-4 STRATIFICATION OF SCIENTIFIC EVIDENCE 
ACCORDING TO THE METHOD OUTLINED BY THE U.S. 
PREVENTIVE SERVICES TASK FORCE

Level I: E v idence  o b ta in e d  fro m  a t least one  p ro p e r ly  
d e s ig n e d  ra n d o m iz e d  c o n tro lle d  tr ia l 

Leve l 11-1: E v id e n ce  o b ta in e d  fro m  w e ll-d e s ig n e d  
c o n tro lle d  tr ia ls  w ith o u t  ra n d o m iz a tio n  

Level II-2: E v idence  o b ta in e d  fro m  w e ll-d e s ig n e d  c o h o rt o r 
ca s e -c o n tro l a n a ly tic  s tu d ie s , p re fe ra b ly  fro m  m o re  th a n  
one  ce n te r o r research  g ro u p  

Level II-3: E v idence  o b ta in e d  fro m  m u lt ip le  t im e  series 
w ith  o r  w ith o u t  th e  in te rv e n tio n ; d ra m a tic  re s u lts  in 
u n c o n tro lle d  e x p e rim e n ts  a lso  c o u ld  be re g a rd e d  as th is  
ty p e  o f  ev id e nce .

Level III: O p in io n s  o f resp e c te d  a u th o r it ie s , based on 
c lin ic a l e xp e rie n ce , d e s c rip tiv e  s tu d ie s , o r  re p o rts  o f 
e x p e rt c o m m itte e s

• Patterns are categorized as baseline, periodic, or episodic.
• Baseline patterns include baseline rate and variability.
• Periodic and episodic patterns include FHR accelerations 

and decelerations.
• Periodic patterns are those associated with uterine 

contractions.
• Episodic patterns are those not associated with uterine 

contractions.
• Deceleration onset is defined as abrupt if  the onset to nadir 

(lowest point) is less than 30 seconds and gradual if  the 
onset to nadir is 30 seconds or greater.

• Although terms such as beat-to-beat variability, short-term  
variability, and long-term variability are used frequently in 
clinical practice, the NICHD panel recommended that no 
distinction be made between short-term or beat-to-beat 
variability and long-term variability because in actual prac
tice, they are visually determined as a unit.

• A number of FHR characteristics are dependent upon ges
tational age, so gestational age must be considered in the 
full evaluation of the pattern.

• In addition, the FHR tracing should be evaluated in the 
context of maternal medical condition, prior results of fetal 
assessment, medications, and other factors.

• FHR patterns do not occur alone and generally evolve over 
time. Therefore a full description requires a qualitative and 
quantitative assessment of baseline rate, variability, accel
erations, decelerations, sinusoidal pattern, and changes or 
trends over time.

Specific Fetal Heart Rate Patterns
Understanding the common FHR patterns and characteristics is 
fundamental to the interpretation of these as they relate to 
intrapartum care. As decribed above, intrapartum FHR moni
toring is critical to ensuring fetal and maternal well-being.

BASELINE RATE
DEFINITION
Baseline FHR is defined as the approximate mean FHR 
rounded to increments of 5 beats/min during a 10-minutes 
segment excluding accelerations, decelerations, and periods of 
marked variability. In any 10-minute window, the minimum 
baseline duration must be at least 2 minutes— not necessarily 
contiguous— or the baseline for that period is deemed
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Chapter 15 Intrapartum Fetal Evaluation 319

FIG 15-7 Baseline fetal heart rate (FHR) is the mean FHR rounded to increments of 5 beats/min in a 10-minute window excluding accelerations, 
decelerations, and periods of marked FHR variability (>25 beats/min). At least 2 minutes of identifiable baseline segments, not necessarily 
contiguous, must be present in any 10-minute window or the baseline for that period is indeterminate. In this tracing, the baseline heart rate 
is 120 beats/min with accelerations.

indeterminate. If the baseline during any 10-minute segment is 
deemed indeterminate, it may be necessary to refer to any pre
vious 10-minute segments for determination of the baseline
(Fig. 15-7).

PHYSIOLOGY
Baseline FHR is regulated by intrinsic cardiac pacemakers (sino
atrial node, atrioventricular node), cardiac conduction path
ways, autonomic innervation (sympathetic, parasympathetic), 
intrinsic humoral factors (catecholamines), extrinsic factors 
(medications), and local factors (calcium, potassium). Sympa
thetic innervation and plasma catecholamines increase baseline 
FHR, whereas parasympathetic innervation reduces the baseline 
rate. Autonomic input regulates the FHR in response to fluctua
tions in the partial pressure of oxygen (PO2), partial pressure of 
carbon dioxide (PCO2), and blood pressure detected by chemo
receptors and baroreceptors located in the aortic arch and carotid 
arteries. A  normal FHR baseline o f 110  to 160 beats/min is 
consistent with normal neurologic regulation o f the FHR. 
Fetal tachycardia is defined as a baseline rate above 160  
beats/min for at least 10 minutes. Conditions potentially asso
ciated with fetal tachycardia are summarized in Box 15-5.

Fetal bradycardia is defined as a baseline rate below 110  
beats/min for at least 10 minutes. Box 15-6 summarizes condi
tions associated with fetal bradycardia.

VARIABILITY
DEFINITION
Variability is defined as fluctuations in the baseline FHR that 
are irregular in amplitude and frequency. Variability is measured 
from the peak to the trough of the fluctuations and is quanti
tated in beats per minute. No distinction is made between 
short-term (beat-to-beat) variability and long-term variability

BOX 15-5 CONDITIONS POTENTIALLY ASSOCIATED 
WITH FETAL TACHYCARDIA

M a te rn a l fe v e r H y p e rth y ro id is m

In fe c tio n A rrh y th m ia
M e d ic a tio n s /d ru g s • S in u s  ta c h y c a rd ia

• S y m p a th o m im e tic s • S u p ra v e n tr ic u la r

• P a ra s y m p a th o ly tic s ta c h y c a rd ia

• C affe ine • A tr ia l f ib r il la t io n

• T h e o p h y llin e • A tr ia l f lu tte r
• C oca ine • V e n tr ic u la r  a rrh y th m ia

• M e th a m p h e ta m in e M e ta b o lic  a c id e m ia

Fetal a n e m ia

BOX 15-6 CONDITIONS POTENTIALLY ASSOCIATED 
WITH FETAL BRADYCARDIA

M e d ic a tio n s
• S y m p a th o ly tic s
• P a ra s y m p a th o m im e tic s

C ard iac  pa c in g  and c o n d u c tio n  a b n o rm a lit ie s
• H eart b lo ck
• S jo g re n  a n tib o d ie s
• H e te ro ta x y  s y n d ro m e  

S tru c tu ra l ca rd ia c  d e fects
V ira l in fe c tio n s  (e.g., c y to m e g a lo v iru s )
Fetal h e a rt fa ilu re  
M a te rn a l h y p o g ly c e m ia  
M a te rn a l h y p o th e rm ia  
In te rru p tio n  o f fe ta l o x y g e n a tio n
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I
FIG 15-8 Absent variability.

FIG 15-9 Minimal variability.

because in actual practice, they are visually determined as a 
unit. In addition, there is no consensus that beat-to-beat differ
ences in rate can be quantitated accurately with the unaided 
eye. Standardized NICHD nomenclature classifies variability as 
absent, minimal, moderate, or marked. As depicted in Figure
15-8, variability is defined as absent when the amplitude range 
of the FHR fluctuations is undetectable to the unaided eye. 
Variability is defined as minimal when the amplitude range is 
visually detectable but is less than or equal to 5 beats/min, as 
illustrated in Figure 15-9. When the amplitude range of the

FHR fluctuations is 6 to 25 beats/min, variability is defined as 
moderate, as illustrated in Figure 15-10. Variability is defined as 
marked when the amplitude range of the FHR fluctuations is 
greater than 25 beats/min (Fig. 15-11).

PHYSIOLOGY
M any factors interact to regulate FHR variability, including 
intrinsic cardiac pacemakers (sinoatrial node, atrioventricu
lar node), cardiac conduction pathways, autonomic innerva
tion (sympathetic, parasympathetic), intrinsic humoral factors
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FIG 15-10 Moderate variability.

18=01

(catecholamines), extrinsic factors (medications), and local fac
tors (calcium, potassium). Fluctuations in P 0 2, PCO2, and 
blood pressure are detected by chemoreceptors and barorecep- 
tors located in the aortic arch and carotid arteries. Signals from 
these receptors are processed in the medullary vasomotor center, 
likely with regulatory input from higher centers in the hypo
thalamus and cerebral cortex. Sympathetic and parasympathetic 
signals from the medullary vasomotor center modulate the FHR 
in response to moment-to-moment changes in fetal PO2, PCO2, 
and blood pressure. W ith every heartbeat, slight fluctuations in

heart rate help to optimize fetal cardiac output and distribu
tion of oxygenated blood to the fetal tissues. These fluctuations 
are referred to as fe ta l heart rate variability and are displayed 
graphically on the FHR tracing as an irregular horizontal line. 
The 2008 NICHD consensus report concluded that moderate 
variability reliably predicts the absence of fetal metabolic acide
mia at the time it is observed.16 However, the converse is not 
true; minimal or absent variability does not confirm the 
presence o f fetal metabolic acidemia or ongoing hypoxic 
injury.16 Other conditions potentially associated with minimal
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FIG 15-12 Accelerations. (From Clark SL, Nageotte MP, Garite TJ, et al. 
standardization of care. Am J Obstet Gynecol. 2013;209[2]:89-97.)

BOX 15-7 CONDITIONS POTENTIALLY ASSOCIATED 
WITH MINIMAL TO ABSENT FETAL HEART RATE 
VARIABILITY AND ABSENT ACCELERATIONS

Fetal s leep  cycle  
Fetal ta c h y c a rd ia  
M e d ic a tio n s

• N a rco tics
• C o rtic o s te ro id s
• B u to rp h a n o l
• B a rb itu ra te s
• P h e n o th iaz in e s
• T ra n q u iliz e rs
• C oca ine
• G enera l a n e s th e tics
• A tro p in e
• P h e n o th iaz in e s  

P re m a tu rity  
C o n g e n ita l a n o m a lie s  
Fetal an e m ia
Fetal ca rd ia c  a rrh y th m ia  
In fe c tio n
P re e x is tin g  n e u ro lo g ic  in ju ry  
Fetal m e ta b o lic  a c id e m ia

or absent variability are summarized in Box 15-7. The 2014  
Neonatal Encephalopathy Task Force consensus report13 
identified moderate variability as one o f the features o f the 
FHR tracing that reliably excludes “damaging degrees of 
hypoxia-induced metabolic acidemia.” Most of the literature 
regarding “decreased” FHR variability does not differentiate 
between absent variability, when the amplitude range is unde
tectable, and minimal variability, when the amplitude range is 
detectable but is 5 beats/min or less. Therefore it is not possible 
to draw valid conclusions regarding the relative clinical signifi
cance of these two categories; the significance of marked vari
ability has not been established.16 Possible explanations include 
a normal variant or an exaggerated autonomic response to early

Intrapartum management of category II fetal heart rate tracings: towards

stages of interrupted fetal oxygenation. Box 15-7 summarizes 
some conditions potentially associated with minimal or absent 
variability.

ACCELERATION
DEFINITION
An acceleration  is as an abrupt increase (onset to peak <30 
seconds) in FHR above the baseline. The peak is at least 15 
beats/min above the baseline, and the acceleration lasts at least 
15 seconds from the onset to return to baseline, as illustrated in 
Figure 15-12. Before 32 weeks of gestation, an acceleration is 
defined as having a peak at least 10 beats/min above the baseline 
and a duration of at least 10 seconds. An acceleration that 
lasts at least 2 minutes but less than 10 minutes is defined as a 
prolonged acceleration. An acceleration that lasts 10 minutes or 
longer is defined as a baseline change.

PHYSIOLOGY
Accelerations in FHR frequently occur in association with fetal 
movement, possibly as a result of stimulation of peripheral pro
prioceptors, increased catecholamine release, and autonomic 
stimulation of the heart. Another possible mechanism of FHR 
acceleration is transient compression of the umbilical vein, 
which results in decreased fetal venous return and a reflex rise 
in heart rate. The 2008 NICHD consensus report concluded 
that accelerations reliably predict the absence of fetal metabolic 
acidemia at the time they are observed.16 However, the converse 
is not true. The absence o f accelerations does not confirm 
the presence o f fetal metabolic acidemia or ongoing hypoxic 
injury.16 Other conditions potentially associated with the 
absence of accelerations are summarized in Table 15-4.17 The 
20 14  Neonatal Encephalopathy Task Force concluded that 
the presence o f FHR accelerations reliably excludes “damag
ing degrees o f hypoxia-induced metabolic academia.”16 In 
the absence of spontaneous accelerations, fetal stimulation 
can provoke fetal movement and FHR accelerations. Accel
erations can be provoked with a variety o f methods that
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TABLE 15-4 MATERNAL AND FETAL FACTORS 
THAT CAN INFLUENCE THE FETAL 
HEART RATE TRACING BY MECHANISMS 
NOT SPECIFICALLY RELATED TO 

_____________FETAL OXYGENATION___________________
REPORTED FETAL HEART RATE 

FACTOR ASSOCIATIONS

Fever/infection Increased baseline rate, decreased variability
Medications Effects depend upon specific medication and may

include changes in baseline rate, frequency and 
amplitude of accelerations, variability and 
sinusoidal pattern1 

Hyperthyroidism Tachycardia, decreased variability
Prematurity Increased baseline rate, decreased variability,

reduced frequency and amplitude of accelerations 
Fetal anemia Sinusoidal pattern, tachycardia
Heart block Bradycardia, decreased variability
Tachyarrhythmia Variable degrees of tachycardia, decreased variability 
Congenital anomaly Decreased variability, decelerations
Preexisting injury Decreased variability, absent accelerations
Sleep cycle Decreased variability, reduced frequency and

amplitude of accelerations

include vibroacoustic stimulation (VAS), transabdominal 
halogen light stimulation, and direct fetal scalp stimulation. 
Accelerations provoked by external stimuli have the same 
clinical significance as spontaneous accelerations.11

DECELERATIONS
Decelerations in the FHR are categorized as early, late, variable, 
or prolonged and are quantitated by depth in beats per minute 
below the baseline and duration in minutes and seconds. An 
abrupt deceleration reaches its nadir within 30 seconds from the 
time it starts. A gradual deceleration will reach its nadir in 30 
seconds or more. Decelerations that occur with at least 50% of 
uterine contractions in a 20-minute window are defined as 
recurrent. Decelerations that occur with fewer than 50% of 
contractions in a 20-minute period are defined as intermittent. 
Classification of decelerations as mild, moderate, or severe has 
not been shown to correlate with metabolic acidemia or newborn 
outcome independent of other FHR characteristics such as mod
erate variability, accelerations, frequency of decelerations, dura
tion of decelerations, or total number of decelerations. Therefore

such classification is not included in standardized NICHD 
terminology.16

EARLY DECELERATION
DEFINITION
Early deceleration is defined as a gradual decrease (onset to nadir 
<30 seconds) in FHR from the baseline and a subsequent return 
to baseline associated with a uterine contraction (Fig. 15-13). In 
most cases the onset, nadir, and recovery of the deceleration 
occur at the same time as the beginning, peak, and end of the 
contraction, respectively.

PHYSIOLOGY
Although the precise physiologic mechanism is not known, early 
decelerations are considered to represent a fetal autonomic 
response to changes in intracranial pressure and/or cerebral 
blood flow caused by intrapartum compression of the fetal head 
during uterine contractions. Early decelerations are not associ
ated with interruption o f fe ta l oxygenation or adverse neona
tal outcome and are considered clinically benign. No level I 
or level II analytic evidence in the literature supports the notion 
that mechanical compression of the fetal head by uterine con
tractions and/or maternal expulsive efforts can cause local cere
bral ischemia and neurologic injury in the absence of global 
hypoxia and neonatal encephalopathy. Furthermore, no scien
tific evidence suggests that mechanical compression of the fetal 
head by the forces of labor is a predictable or preventable cause 
of perinatal stroke. On the contrary, a consensus report from the 
National Institute of Neurologic Disorders and Stroke and the 
NICHD in 2007 concluded “there are no reliable predictors of 
perinatal ischemic stroke upon which to base prevention or 
treatment strategies.”20 Despite the absence of scientific merit, 
these theories have become increasingly popular in the legal 
arena. Unless such theories can be validated and replicated by 
appropriately controlled analytic studies, they play no meaning
ful role in intrapartum management decisions.

LATE DECELERATION
DEFINITION
Late deceleration  of the FHR is defined as a gradual decrease 
(onset to nadir >30 seconds) of the FHR from the baseline and 
subsequent return to the baseline associated with a uterine con
traction, as illustrated in Figure 15-14. In most cases the onset,
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REORDER# CMS 4305 me:

FIG 15-14 Late decelerations.

nadir, and recovery of the deceleration occur after the beginning, 
peak, and ending of the contraction, respectively.

PHYSIOLOGY
A late deceleration is a reflex fetal response to transient 
hypoxemia during a uterine contraction. Myometrial contrac
tions can compress maternal blood vessels that traverse the 
uterine wall and reduce maternal perfusion of the intervillous 
space of the placenta. Reduced delivery of oxygenated blood to 
the intervillous space can reduce the diffusion of oxygen into 
the fetal capillary blood in the chorionic villi, leading to a 
decline in fetal PO2. If the fetal PO2 falls below the normal range 
(approximately 15 to 25 mm Hg in the umbilical artery), che- 
moreceptors detect the change and signal the medullary vasomo
tor center in the brainstem to initiate a protective autonomic 
reflex response. Initially, sympathetic outflow causes peripheral 
vasoconstriction and shunts oxygenated blood flow away from 
nonvital vascular beds and toward vital organs such as the brain, 
heart, and adrenal glands. The resulting increase in fetal blood 
pressure is detected by baroreceptors that trigger a parasympa
thetic reflex slowing of the heart rate to reduce cardiac output 
and return the blood pressure to normal. After the contraction, 
fetal oxygenation is restored, autonomic reflexes subside, and the 
FHR gradually returns to baseline. This combined sympathetic- 
parasympathetic reflex response to transient interruption of fetal 
oxygenation, summarized in Figure 15-15, has been confirmed 
in animal studies.21 If interruption o f fetal oxygenation is suf
ficient to result in metabolic acidemia, a late deceleration 
may result from direct hypoxic myocardial depression during 
a contraction, as illustrated in Figure 15-15.21 Because the latter 
mechanism requires metabolic acidemia, it is virtually excluded 
by the observation of moderate variability or accelerations. Late 
decelerations classically have been attributed to “uteroplacental 
insufficiency.” However, this term is potentially misleading 
because it can be interpreted to indicate that interruption of fetal 
oxygenation is lim ited to the uterus and placenta. In reality,

interruption of the oxygen pathway at any point can contribute 
to a late deceleration. For example, conditions such as maternal 
hypoxemia, decreased cardiac output, or hypotension can result 
in late decelerations even with m ild uterine contractions and 
a normally functioning placenta. Regardless o f the underlying 
mechanism, a ll late decelerations reflect interruption o f 
oxygen transfer from  the environment to the fetus at one or 
more points along the oxygen pathway. Supporting evidence is 
level II-1 and II-2.

As illustrated in Figure 15-16, common causes of late decel
eration include a relative increase in uterine contraction inten
sity or baseline tone and/or a relative lowering of maternal blood 
pressure.

VARIABLE DECELERATION
DEFINITION
Variable deceleration  of the FHR is defined as an abrupt decrease 
(onset to nadir <30 seconds) in FHR below the baseline (Fig.
15-17). The decrease is at least 15 beats/min below the baseline, 
the deceleration lasts at least 15 seconds, and fewer than 2 
minutes pass from onset to return to baseline. Variable decelera
tions can occur with or without uterine contractions.

PHYSIOLOGY
A variable deceleration represents a fetal autonomic reflex 
response to transient mechanical compression or stretch of the 
umbilical cord.22 Initially, compression of the umbilical cord 
occludes the thin-walled, compliant umbilical vein; decreases 
fetal venous return; and triggers a baroreceptor-mediated reflex 
rise in FHR, sometimes described as a “shoulder.” Further com
pression occludes the umbilical arteries and causes an abrupt 
increase in fetal peripheral resistance and blood pressure. Baro
receptors detect the abrupt rise in blood pressure and signal the 
medullary vasomotor center in the brainstem, which in turn 
triggers an increase in parasympathetic outflow and an abrupt 
decrease in heart rate. As the cord is decompressed, this sequence
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FIG 15-15 Mechanism of late deceleration. FHR, fetal heart rate.

EFFECTS OF HYPERTONUS AND MATERNAL HYPOTENSION

Hypertonus

A

of events occurs in reverse; this mechanism is summarized in 
Figure 15-18. Umbilical cord compression can coincide with 
interruption at any or all of the other points along the oxygen 
pathway; therefore the observation of a variable deceleration does 
not preclude interruption of the oxygen pathway at the level of 
the maternal lungs, heart, vasculature, uterus or placenta. For the 
purposes o f  standardized FHR interpretation, a variable decelera
tion reflects interruption o f  oxygen transfer from  the environment

to the fetu s at one or more points along the oxygen pathway. Sup
porting evidence is level II and III. The 2008 NICHD Con
sensus Report identified several additional features of variable 
decelerations, the clinical significance of which requires further 
research investigation.16 Examples include a slow return of 
the FHR after the end of the contraction, sometimes called 
variable with a late component; biphasic or W-shaped decelera
tions; tachycardia following variable decelerations; accelerations
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FIG 15-17 Variable decelerations.

FIG 15-18 Mechanism of a variable deceleration. FHR, fetal heart rate

that precede and/or follow decelerations, sometimes called 
shoulders or overshoots; and fluctuations in the FHR in the 
trough of the deceleration, sometimes termed variability within 
a deceleration. The predictive value of grading decelerations 
as mild, moderate, or severe has not been established indepen
dent of other FHR characteristics such as baseline rate, vari
ability, and accelerations or frequency, duration, or number of 
decelerations.

PROLONGED DECELERATION
DEFINITION
Prolonged deceleration of the FHR is defined as a decrease, either 
gradual or abrupt, in FHR at least 15 beats/min below the 
baseline that lasts at least 2 minutes from onset to return to 
baseline (Fig. 15-19). A prolonged deceleration that lasts 10 
minutes or longer is defined as a baseline change.

PHYSIOLOGY
If the physiologic mechanisms responsible for late or variable 
decelerations persist, a deceleration can last long enough to be 
defined as a prolonged deceleration. For the purposes o f stan
dardized FHR interpretation, a prolonged deceleration 
reflects interruption o f oxygen transfer from the environ
ment to the fetus at one or more points along the oxygen 
pathway. At the level of the maternal lungs, for example, a 
prolonged deceleration can result from maternal apnea during a 
convulsion. At the level of the maternal heart, a cardiac arrhyth
mia can compromise cardiac output and cause a prolonged FHR 
deceleration. At the level of the vasculature, the oxygen pathway 
can be interrupted by maternal hypotension associated with 
regional anesthesia or compression of the great vessels by the 
gravid uterus. Examples o f interruption of the oxygen pathway 
at the level of the uterus include excessive uterine activity or 
uterine rupture; at the level of the placenta, they include abrup
tion or bleeding placenta previa; finally, at the level of the 
umbilical cord, examples include cord compression, stretch, or 
prolapse.
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FIG 15-19 Prolonged deceleration.

SINUSOIDAL PATTERN
DEFINITION
The sinusoidal pattern, illustrated in Figure 15-20, is a smooth, 
sine wave-like undulating pattern in FHR baseline with a fre
quency of 3 to 5 cycles/min that persists for at least 20 minutes. 
The sinusoidal pattern is excluded from the definition of vari
ability and can be distinguished from variability because it is 
characterized by fluctuations in the baseline that are regular in 
amplitude in frequency.

PHYSIOLOGY
Although the pathophysiologic mechanism is not known, 
this pattern is classically associated with severe fetal anemia.
Variations of the pattern have been described in association 
with chorioamnionitis, fetal sepsis, or administration of narcotic 
analgesics. Scientific evidence regarding associated factors is

level II-2 to level III, and evidence regarding pathophysiology 
is level III.

STANDARDIZED FETAL HEART 
RATE INTERPRETATION
Intrapartum FHR interpretation can be summarized in two 
evidence-based central principles that reflect consensus in the 
medical literature. These two principles can be applied to an 
FHR tracing to produce a factually accurate, logical, and con
sistent interpretation that can help guide management.
1. Variable, late, and prolonged decelerations signal interrup

tion of oxygen transfer from the environment to the fetus at 
one or more points along the oxygen pathway.

2. Moderate variability and/or accelerations reliably exclude 
ongoing hypoxic injury at the time they are observed.
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Several maternal and fetal factors can influence the appear
ance of an FHR tracing by mechanisms not directly related to 
oxygenation. These are summarized in Table 15-4.

FETAL CARDIAC ARRHYTHMIAS
Precise characterization of fetal cardiac arrhythmias can chal
lenge the clinical skill of the most experienced specialist, even 
with the benefit of direct, magnified visualization of the fetal 
heart using advanced sonography equipment with color, pulse- 
wave, and M-mode Doppler capabilities; therefore any attempt 
to classify fetal cardiac rhythm abnormalities using EFM alone 
will yield a tentative diagnosis at best. This imprecision is com
pounded by the fact that rates above 240 beats/min (the upper 
lim it of the FHR graph on standard paper) may be halved or 
not printed at all by the monitor. This critically limits the ability 
of the FHR monitor to distinguish between conditions such as 
fetal supraventricular tachycardia, atrial fibrillation, and atrial 
flutter, all of which can result in heart rates above 240 beats/ 
min. EFM cannot determine whether a fetal heartbeat is in iti
ated by an electrical impulse that originates in the atrium or 
in the ventricle. In other words, the electronic monitor cannot 
reliably distinguish an atrial arrhythmia from a ventricular 
arrhythmia. Nevertheless, EFM can offer some clues to the pres
ence of an abnormal fetal heart rhythm. For example, dropped 
beats might appear on the FHR monitor as sharp downward 
spikes with a nadir at approximately half of the baseline rate. A 
premature beat with a compensatory pause might appear as a 
sharp upward spike followed immediately by a downward spike. 
Bradycardia as a result of 2 :1  (atrioventricular) heart block can 
appear persistently or intermittently as a baseline rate that is 
approximately half of the normal rate. Sinus bradycardia should 
be suspected if the baseline rate is lower than 110 beats/min but 
higher than half of the normal rate. Any FHR less than 110 
beats/min requires thorough evaluation before it can be attrib
uted to a benign condition. If the fetal heart is not generating 
electrical activity, as in the case of fetal demise, a fetal scalp 
electrode may detect the electrical impulses from the maternal 
heart and record the maternal heart rate. If any question exists 
as to the clinical significance of any unusual fetal heart rhythm 
seen on the fetal monitor or detected audibly, further evaluation 
with other modalities, such as ultrasound, is necessary to estab
lish an accurate diagnosis.

PATTERNS NOT DEFINED BY THE NATIONAL 
INSTITUTE OF CHILD HEALTH AND 
HUMAN DEVELOPMENT
Several terms and concepts that are not defined by the NICHD 
may be encountered in clinical practice. The 2008 NICHD 
consensus report16 states that FHR characteristics such as over
shoot, shoulders, FHR fluctuations within a deceleration, vari
able deceleration with a slow return to baseline, and biphasic 
decelerations require further research investigation to determine 
clinical significance. These and other undefined terms are dis
cussed below.

Wandering Baseline
An FHR baseline that is within the normal range (110 to 160 
beats/min) but that is not stable at a single rate long enough to 
define a mean has been described as a “wandering baseline.” 
Absent variability and absent accelerations are characteristic

features of the pattern, and decelerations may be present or 
absent. This combination of FHR findings has been suggested 
to indicate preexisting neurologic injury and impending fetal 
death. The physiologic mechanism is not known, and published 
data are limited to descriptive reports (level III).

Lambda Pattern
The lambda FHR pattern is characterized by a brief acceleration 
followed by a small deceleration. Although the underlying physi
ologic mechanism is not known, this pattern is common during 
early labor and has no specific clinical significance.23

Shoulder
As discussed previously, variable decelerations result from tran
sient mechanical compression of umbilical blood vessels within 
the umbilical cord. Initial compression of the umbilical vein 
reduces fetal venous return and triggers a baroreceptor-mediated 
reflex rise in FHR that commonly is described as a “shoulder.”22 
As the cord is decompressed, a second shoulder frequently 
follows the deceleration and likely reflects the same underlying 
mechanism. This observation has no known association with 
adverse newborn outcome. On the other hand, no evidence 
suggests conclusively that such shoulders im ply the same ability 
to exclude ongoing hypoxic injury as do spontaneous or stimu
lated FHR accelerations. The clinical significance of a shoulder 
requires further research investigation.16 Supporting evidence is 
level II and III.

Uniform Accelerations
Various terms have been used to describe FHR accelerations. 
Examples include uniform sporadic accelerations, variable spo
radic accelerations, uniform period ic accelerations, variable periodic 
accelerations, and crown accelerations. These terms are not in
cluded in standardized NICHD definitions, and no basis for 
such subclassification has been established. Available evidence 
is level III.

A t y p ic a l  V a r ia b le  D e c e le r a t io n s  
Variable Deceleration With a Late Component
Variable deceleration with a “late component” describes a decel
eration with an abrupt onset and a gradual return to baseline. 
The abrupt onset suggests that the deceleration begins as a reflex 
autonomic response to an abrupt rise in blood pressure caused 
by umbilical cord compression (the variable component of the 
pattern). The gradual return to baseline suggests a gradual reduc
tion of autonomic outflow upon resolution of transient hypox
emia, as occurs in a late deceleration (the late component of the 
pattern). A plausible explanation of the pattern is initial umbili
cal cord compression that causes an abrupt reflex fall in FHR 
and a transient decline in fetal PO2. A drop in fetal PO2 below 
the normal range may trigger the reflex sympathetic outflow, 
peripheral vasoconstriction, elevation of blood pressure, and 
reflex parasympathetic slowing of the fetal heart that is charac
teristic of a late deceleration. Decompression of the umbilical 
cord results in rapid resolution of the parasympathetic outflow 
that accompanies a variable deceleration. However, the physio
logic mechanism responsible for late deceleration resolves more 
gradually, which causes the FHR to return gradually to the previ
ous baseline. Although this explanation is plausible, the specific 
physiologic mechanism has not been studied systematically. In 
regard to neonatal outcome, no level I or level II evidence has 
demonstrated that a variable deceleration with a late component

ak
us

he
r-li

b.r
u



Chapter 15 Intrapartum Fetal Evaluation 329

confers a different prognosis than a variable deceleration without 
a late component. Scientific evidence regarding the underlying 
physiologic mechanism is lim ited to level III evidence. Second- 
stage variable decelerations with slow recovery have been re
ported to increase the likelihood of operative delivery; however, 
no consistent impact on newborn outcome has been described.

Overshoot
The term overshoot has been used to describe an FHR pattern 
that consists of a variable deceleration followed by a smooth, 
prolonged rise in the FHR above the previous baseline with 
gradual return.24 27 The essential elements of this uncommon 
pattern include the persistent absence of variability and the 
absence of accelerations. The overshoot pattern has been attrib
uted to a range of conditions that include preexisting neuro
logic injury, “chronic fetal distress,” “repetitive transient central 
nervous system ischemia,” and “m ild fetal hypoxia above the 
deceleration threshold.”25"28 These claims have not been substan
tiated by level I or level II evidence, and the physiologic mecha
nism responsible for the overshoot pattern is unknown. Because 
of the wide variation in reported associations and the absence 
of agreement in the literature regarding the definition, visual 
appearance, or clinical significance of overshoot, it is advisable 
to avoid the term in favor of standard NICHD nomenclature. 
All evidence regarding the overshoot pattern in humans is 
descriptive (level III), and this pattern is not included in stan
dardized NICHD terminology.

V - and W -Shaped Variable Decelerations
The visual appearance of a variable deceleration has been sug
gested to predict the underlying cause. For example, a V-shaped 
variable deceleration has been suggested to indicate umbilical 
cord compression due to oligohydramnios, whereas a W-shaped 
variable deceleration has been suggested to reflect umbilical 
cord compression due to a nuchal cord. Such atypical features 
have not been demonstrated to predict outcome independent of 
known confounding factors such as baseline rate, variability, 
and accelerations or frequency, duration, or number of decelera
tions. These terms are not included in standardized NICHD 
terminology.

Variability Within a Deceleration
At the nadir of a variable or late deceleration, the FHR fre
quently appears irregular, similar to the appearance of moderate 
variability. The visual sim ilarity has led some to suggest that 
FHR fluctuations during a deceleration have the same clinical 
significance as baseline variability. Whereas the notion is not 
implausible, it has not been confirmed. In addition, it is incon
sistent with standard NICHD terminology. Variability is a char
acteristic of the FHR baseline; it is not a characteristic of periodic 
or episodic decelerations that interrupt the baseline. In the 
absence of supporting evidence, the most appropriate approach 
is to avoid assigning undue significance to this observation. 
Evidence regarding these patterns is lim ited to level III.

Mild, Moderate, and Severe Variable Decelerations
The depth and duration of variable decelerations have been sug
gested to predict newborn outcome. Kubli and colleagues28 pro
posed three categories of variable decelerations based upon these 
characteristics. According to this classification system, a mild 
variable deceleration was defined by a duration of less than 30 
seconds regardless of depth, a depth no lower than 80 beats/min,

or a depth of 70 to 80 beats/min that lasts less than 60 seconds. 
A moderate variable deceleration was defined by a depth of less 
than 70 beats/min that lasts 30 to 60 seconds or a depth of 70 
to 80 beats/min that lasts more than 60 seconds. A severe decel
eration was defined as a deceleration below 70 beats/min that 
lasts more than 60 seconds. No level I or level II evidence in the 
literature confirms that the depth of any type of deceleration— 
early, variable, late, or prolonged— is predictive of fetal meta
bolic acidemia, fetal hypoxia, or newborn outcome independent 
of other important FHR characteristics such as baseline rate, 
variability, accelerations and frequency, duration, and number 
of decelerations. Therefore mild, moderate, and severe categories 
are not included in standard NICHD definitions of FHR decel
erations. The 2008 NICHD report16 states that such classifica
tion requires further research investigation to determine clinical 
significance. Consistent with NICHD terminology, decelera
tions are quantitated by depth in beats per minute and duration 
in minutes and seconds.

STANDARDIZED MANAGEMENT 
DECISION MODEL
Evolving consensus regarding FHR definitions and interpreta
tion facilitates the development of a standardized, evidence- 
based approach to intrapartum FHR management. Standardized 
FHR management does not replace individual clinical judg
ment. On the contrary, standardized management encourages 
the timely application of individual clinical judgment. By serving 
as a forcing function, standardized intrapartum FHR manage
ment helps to identify and avoid potential sources of preventable 
error in an organized, systematic fashion. A fo r c in g  fun ction  is a 
critical step in an algorithm that prevents the user from taking 
a subsequent action without consciously considering informa
tion relevant to that action. By forcing conscious attention upon 
the action, it helps to reduce the risk of error and increase the 
likelihood that the action will be reasonable. The management 
decision support model described in this chapter uses the stan
dardized FHR definitions and categories proposed by the 
NICHD in 1997 and 2008 .14,16 It does not include adjunctive 
tests of fetal status such as fetal scalp blood sampling, fetal pulse 
oximetry, and fetal ECG analysis, which currently are unavail
able for general clinical use in the United States. These tech
niques are reviewed later in the chapter.

Standard of Care
Standard of care is a legal concept that typically is defined as 
the level of care expected of a reasonable, competent clinician 
under similar circumstances. In order for care to be deemed 
reasonable, the underlying rationale must be credible. Credibil
ity requires factual accuracy and the ability to articulate 
clearly and understandably. Standard FHR definitions and 
interpretation facilitate factual accuracy. A standardized, 
simplified approach to FHR management provides an orga
nized, evidence-based framework that can be articulated 
clearly and understandably.

Initiation of Monitoring
Intrapartum monitoring is intended to assess the adequacy of 
fetal oxygenation and uterine activity during labor so that appro
priate measures can be taken to avoid hypoxic fetal injury, ensure 
appropriate labor progress, and optimize the likelihood of safe 
vaginal delivery. Effective intrapartum monitoring requires
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“A”
assess oxygen 

pathway

“B”
begin corrective 

measures if indicated

“C”
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“D”
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□  Facility response time
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□  Position changes
□  Fluid bolus
□  Correct hypotension

Staff

Consider notifying
□  Obstetrician
□  Surgical assistant
□  Anesthesiologist
□  Neonatologist
□  Pediatrician
□  Nursing staff
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□  Availability
□  Training
□  Experience

Vasculature □  Blood pressure
Mother

Consider
□  Informed consent
□  Anesthesia options
□  Laboratory tests
□  Blood products
□  Intravenous access
□  Urinary catheter
□  Abdominal prep
□  Transfer to OR

□  Surgical considerations 
(prior abdominal or 
uterine surgery)

□  Medical considerations 
(obesity, hypertension, 
diabetes, SLE)

□  Obstetric considerations 
(parity, pelvimetry, 
placental location)

Uterus

□  Contraction strength
□  Contraction frequency
□  Contraction duration
□  Baseline uterine tone
□  Exclude uterine rupture □  Reduce stimulant

□  Consider relaxant
Fetus

Consider
□  Fetal number
□  Estimated fetal weight
□  Gestational age
□  Presentation
□  Position
□  Anomalies

Consider
□  Fetal number
□  Estimated fetal weight
□  Gestational age
□  Presentation
□  Position
□  AnomaliesPlacenta □  Check for bleeding

Cord □  Exclude cord prolapse □  Consider 
amnioinfusion

Labor

□  Confirm that monitoring 
is adequate to allow 
appropriately informed 
management decisions

Consider factors such as:
□  Protracted labor
□  Previous uterine relaxant
□  Remote from delivery
□  Poor expulsive efforts

FIG 15-21 "ABCD" approach to fetal heart rate management. OR, operating room; SLE, systemic lupus erythematosus.

reliable information; therefore it is essential to confirm that 
the monitor is recording the FHR and uterine activity ade
quately to permit appropriately informed management deci
sions (Fig. 15-21). If external monitoring does not provide 
adequate information for accurate definition and interpretation, 
internal monitoring with a fetal scalp electrode and/or IUPC 
should be considered. Under certain circumstances, the FHR 
monitor can inadvertently record the maternal heart rate. If the 
fetus is not alive, an internal fetal scalp electrode can detect 
the maternal ECG and record the maternal heart rate. 
An external Doppler device can record the maternal heart 
rate even i f  the fetus is alive. Particularly in the setting of 
maternal tachycardia, the maternal heart rate can appear 
deceptively similar to a normal FHR pattern, including 
normal-appearing baseline rate and variability. A widely rec
ognized pattern that warrants particular attention is the 
observation o f maternal heart rate accelerations during 
uterine contractions that can be mistaken for FHR accelera
tions. Heart rate accelerations that coincide with uterine 
contractions should prompt further evaluation to exclude 
this phenomenon. At times, the external Doppler monitor 
can alternate between the fetus and the mother. When switch
ing from one to the other, the tracing will not necessarily 
demonstrate visual discontinuity; therefore visual continuity 
of the tracing alone cannot be relied upon to exclude this 
phenomenon. Some newer systems will alert the user to the

presence o f “signal coincidence” or “signal ambiguity” when 
the monitor’s computer logic determines that the maternal 
heart rate derived from a maternal ECG or pulse oximetry 
transducer is the same as the presumed FHR derived from 
the Doppler transducer or scalp electrode. Suspected signal 
coincidence or ambiguity should prompt further evaluation 
to confirm the source o f the heart rate signal. Unless the 
monitor is recording the FHR, it cannot be used to assess 
fetal oxygenation; therefore it is essential to distinguish 
between maternal and fetal heart rates. If any question exists, 
other methods should be used as needed, including ultra
sound, palpation o f the maternal pulse, fetal scalp electrode, 
or maternal pulse oximetry.

Evaluation of Fetal Heart Rate Components
Thorough, systematic evaluation of the FHR tracing includes 
assessment of uterine activity along with the FHR components 
defined by the NICHD: baseline rate, variability, accelerations, 
decelerations, sinusoidal pattern, and changes or trends in the 
tracing over time. After assessing all components, the tracing 
can be placed into one o f the three FHR categories intro
duced in the 2008 NICHD consensus report (see Fig. 15-21).

If all FHR components are normal (category I), the FHR 
tracing reliably predicts the absence of interruption of oxygen
ation by the absence of variable, late, or prolonged decelerations 
and reliably predicts the absence of ongoing hypoxic neurologic
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TABLE 15-5 NORMAL UMBILICAL CORD 
BLOOD VALUES

VESSEL pH P C 0 2 p o 2 B ASE D E FIC IT

Artery 7.2-7.3 45-55 15-25 <12
Vein 7.3-7.4 35-45 25-35 <12

injury by the presence of moderate variability with or without 
accelerations. In low-risk patients, ACOG Practice Bulletin 116 
and ACOG-AAP Guidelines fo r  Perinatal Care recommend that 
the FHR tracing should be reviewed at least every 30 minutes 
during the active phase of the first stage of labor and at least 
every 15 minutes during the second stage.18'29 In patients who 
are not deemed to be low risk, the FHR tracing should be 
reviewed at least every 15 minutes during the active phase of the 
first stage of labor and at least every 5 minutes during the second 
stage (see Fig. 15-21). Documentation should be performed 
periodically at reasonable intervals in accordance with institu
tional policies and procedures.

A Standardized "ABCD" Approach 
to Fetal Heart Rate Management
If assessment of the FHR indicates that the tracing is not in 
category I, further evaluation is warranted. A practical, system
atic “ABCD” approach to management begins with “A”— assess 
the oxygen pathway (see Fig. 15-21).

Assess the Oxygen Pathway
Rapid, systematic assessment of the pathway of oxygen trans
fer from the environment to the fetus can identify potential 
sources of interrupted oxygenation (Table 15-5). Initial assess
ment o f the maternal lungs, heart, and vasculature usually is 
accomplished by reviewing the vital signs, including respi
ratory rate, heart rate, and blood pressure. Uterine activity 
is assessed by palpation or by review o f the information 
provided by a tocodynamometer or IUPC. Suspected uterine 
rupture or placental abruption requires immediate atten
tion and targeted evaluation. Finally, umbilical cord prolapse 
usually can be excluded by visualization or examination. If 
rapid evaluation o f these steps suggests that further investi
gation is warranted, it should be undertaken as necessary. 
As summarized in Figure 15-21, several maternal and fetal 
factors can influence the appearance o f the FHR tracing 
by mechanisms other than direct interruption o f fetal oxy
genation. If FHR changes are thought to be due to any 
of these conditions, individualized assessment and manage
ment should be directed at the specific cause. Some examples 
include a sinusoidal pattern in the setting o f severe fetal 
anemia, bradycardia due to fetal heart block, or tachycardia 
due to fever, infection, or medications or cardiac arrhythmia.

Begin Corrective Measures as Indicated
If assessment of the oxygen pathway suggests interruption at one 
or more points, corrective measures are initiated as indicated. 
Specific measures are summarized in Figure 15-21. The choice 
of appropriate corrective measures is based on interpretation 
of the FHR tracing as a whole. Interpretation o f individual 
components out o f context provides an incomplete clinical 
picture and is discouraged. Selection o f the most appropriate 
corrective measures can be refined by acknowledging some 
specific associations. For example, in the setting o f variable

decelerations, initial attention may focus on umbilical cord 
compression or prolapse. In the setting o f late decelerations, 
initial attention may focus on maternal cardiac output, blood 
pressure, and uterine activity.

CONSERVATIVE CORRECTIVE MEASURES
SUPPLEMENTAL OXYGEN
Fetal oxygenation is dependent upon the oxygen content of 
maternal blood perfusing the intervillous space of the placenta. 
Administration of supplemental oxygen can increase the PO2 
of inspired air, increasing both the partial pressure of oxygen 
dissolved in maternal blood and the amount of oxygen bound 
to hemoglobin. This can increase the oxygen concentration gra
dient across the placental blood-blood barrier and can lead to 
increased fetal PO2 and oxygen content. Several studies have 
reported resolution of FHR decelerations and improvement of 
variability after administration of supplemental oxygen to the 
mother, providing indirect evidence of improved fetal oxygen
ation.3032 Direct evidence is provided by fetal pulse oximetry 
studies that demonstrate increased fetal hemoglobin saturation 
following maternal administration of oxygen.30'32 Higher satu
ration values may persist for 30 minutes after oxygen is dis
continued. Evidence regarding the optimal duration of oxygen 
administration is inconsistent. The potential for fetal free radical 
production argues in favor of the use of supplemental oxygen in 
clinical settings in which there is a reasonable expectation of 
benefit.32 Although the optimal method and duration of oxygen 
administration have not been established, available data support 
the use of a nonrebreather face mask to administer oxygen at a 
rate of 10 L/min for approximately 15 to 30 minutes.30

MATERNAL POSITION CHANGES
There are sound physiologic reasons to avoid the supine position 
during labor. In the supine position, the pressure of the gravid 
uterus on the inferior vena cava can impair venous return, 
cardiac output, and perfusion of the uterus and placenta. Pres
sure on the aorta and/or iliac arteries may impede the delivery 
of oxygenated blood to the uterus and placenta. Lateral maternal 
positioning (right or left) appears to have a more beneficial 
impact on fetal oxygen status than does the supine position. ’0 33 
In the setting of suspected umbilical cord compression, maternal 
position changes may result in fetal position changes and relief 
of pressure on the umbilical cord.

INTRAVENOUS FLUID ADMINISTRATION  
Uteroplacental perfusion is dependent upon cardiac output and 
intravascular volume. Normal blood pressure does not necessar
ily reflect optimal intravascular volume, venous return, preload, 
or cardiac output. An intravascular bolus of isotonic fluid can 
improve cardiac output by increasing circulating volume, venous 
return, left ventricular end diastolic pressure, ventricular preload, 
and ultimately stroke volume in accordance with the Frank- 
Starling mechanism. Consequently, an increase in intravascular 
volume may have a significant impact on cardiac output and 
uteroplacental perfusion.34 An intravenous (IV) fluid bolus of 
500 to 1000 mL can result in improved fetal oxygenation even 
in an apparently euvolemic patient.3031 Caution must be exer
cised in patients at risk for volume overload and pulmonary 
edema. The optimal rate of IV fluid administration during 
labor is not known. Potential maternal and fetal complications 
argue against administering large-volume IV boluses of glucose- 
containing fluids.
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CORRECT MATERNAL HYPOTENSION
A number of factors predispose laboring women to transient 
episodes of hypotension, including inadequate hydration, supine 
position resulting in compression of the inferior vena cava, 
decreased venous return and reduced cardiac output, and periph
eral vasodilation due to sympathetic blockade during regional 
anesthesia. Maternal hypotension can reduce uteroplacental per
fusion and fetal oxygenation. Maternal position changes and IV 
hydration usually correct the blood pressure. However, if  these 
measures do not achieve the desired result, medication may be 
necessary. Ephedrine is a sympathomimetic amine with weak 
a- and (5-agonist activity. The primary mechanism of action is 
the release of norepinephrine from presynaptic vesicles, which 
results in stimulation of postsynaptic adrenergic receptors.3 '

REDUCE UTERINE ACTIVITY
Excessive uterine activity is a common cause of interrupted fetal 
oxygenation. A number of terms used to describe excessive 
uterine activity— including hyperstimulation, hypercontractility, 
and tetanic contraction— are defined inconsistently in the litera
ture. The 2008 NICHD consensus statement16 recommended 
using the term tachysystole to describe uterine contraction fre
quency in excess of five contractions in 10 minutes averaged over 
30 minutes. Normal contraction frequency is defined as five or 
fewer contractions in 10 minutes averaged over 30 minutes. 
Other important features of uterine activity include contraction 
intensity, duration, resting tone, and time between contractions. 
If an abnormal FHR pattern is thought to be related to excessive 
uterine activity, options include discontinuing uterine stimu
lants, reducing the dose of uterine stimulants, and/or adminis
tering uterine relaxants such as terbutaline.

AMNIOINFUSION
Intrapartum amnioinfusion involves the instillation of isotonic 
fluid through an intrauterine catheter into the amniotic cavity 
to restore the amniotic fluid volume to normal or near-normal 
levels. The procedure is intended to relieve intermittent umbili
cal cord compression, variable FHR decelerations, and transient 
episodes of interrupted fetal oxygenation. The impact of amnio
infusion on late decelerations is not known. Routine amnioinfu
sion for meconium-stained amniotic fluid without variable 
decelerations is not recommended.”

ALTER SECOND-STAGE PUSHING AND  
BREATHING TECHNIQUE
During the second stage of labor, maternal expulsive efforts 
can be associated with FHR decelerations. Suggested corrective 
approaches include open-glottis, rather than Valsalva-style, push
ing; fewer pushing efforts per contraction; shorter individual 
pushing efforts; pushing with every other or every third contrac
tion; and pushing only with perceived urge.30'31 A systematic 
approach to FHR management does not require the use of all 
of these measures in every situation. It simply helps to ensure 
that important considerations are not overlooked and that deci
sions are made in a timely manner. In addition, it provides a 
framework to help clinicians articulate an organized, clear, and 
understandable plan of management— a key element of credibil
ity, reasonableness, and the standard of care.

REEVALUATE THE FETAL HEART RATE TRACING
After assessing the oxygen pathway and beginning corrective
measures deemed appropriate, the tracing is reevaluated. The

time frame for reevaluation is based on clinical judgment and 
usually ranges from 5 to 30 minutes in accordance with ACOG- 
AAP guidelines and applicable institutional policies.29 If the 
FHR tracing returns to category I and labor progress is adequate, 
continued surveillance is appropriate. The decision to perform 
routine or heightened surveillance is based on clinical judgment, 
taking into account the entire clinical situation. If the FHR 
tracing progresses to category III despite appropriate conserva
tive corrective measures, delivery usually is expedited as rapidly 
as safely and reasonably feasible. Tracings that remain in category
II warrant additional evaluation.

Category II is extremely broad and includes FHR tracings for 
which continued surveillance is appropriate. However, it also 
includes tracings that warrant preparation for rapid delivery. If 
a category II FHR tracing demonstrates moderate variability or 
accelerations and does not demonstrate clinically significant 
decelerations, continued surveillance is reasonable (Fig. 15-22). 
Category II tracings that do not meet these criteria require 
additional attention. If any question remains regarding the pres
ence of moderate variability or accelerations or the clinical sig
nificance of any decelerations, a reasonable approach is to take 
the next step in the ABCD management model.

Clear Obstacles to Rapid Delivery
If conservative corrective measures do not correct the FHR 
tracing to the satisfaction of the clinician, it is reasonable to 
plan ahead by clearing common obstacles to rapid delivery. 
This does not constitute a commitment to a particular 
time or method o f delivery. Instead, this step serves as a 
forcing function to systematically address common sources 
o f unnecessary delay so that important factors are not over
looked and decisions are made in a timely manner. This 
is accomplished by considering information relevant to 
the next action and communicating proactively with other 
members o f the team. Potential sources o f unnecessary delay 
can be grouped into major categories. Organized in nonran
dom order from largest to smallest, these categories include 
the facility, staff, mother, fetus, and labor. Standardized 
intrapartum FHR management does not mandate that every 
possible corrective measure should be carried out. It simply 
provides a practical checklist o f common factors that should 
be considered in order to optimize team communication, 
encourage timely decision making, and minimize prevent
able errors.

Determine Decision-to-Delivery Time
W hen weighing the risks and benefits of continued expect
ant management versus expeditious delivery, the anticipated 
decision-to-delivery time must be taken into consideration. 
After appropriate conservative measures have been imple
mented, it is reasonable to make a good-faith estimate o f the 
time needed to accomplish delivery in the event o f a sudden 
deterioration o f the FHR. This step can be facilitated by 
systematically considering individual characteristics o f the 
facility, staff, mother, fetus, and labor.

Management steps in the ABCD model are amenable to 
standardization and represent the majority of decisions that 
must be made during labor. However, once they are exhausted, 
further management decisions require the individual judgment 
of the clinician, who ultimately w ill assume responsibility for 
the safety of the mother and the fetus in the event that operative 
delivery becomes necessary.
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Confirm FHR and uterine activity

FHR category? II or III “ABCD”>

0

Is the patient low risk?
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Yes No Yes

“A” - assess oxygen pathway 
“B" - begin corrective measures

FHR category?

Presence of moderate variability and/or accelerations 
and

Absence of clinically significant decelerations

No/unsure

“C” - clear obstacles to rapid delivery 
“D” - determine decision to delivery time

Is vaginal delivery likely before the onset of 
metabolic acidemia and potential injury?

No/unsure

Routine surveillance Heightened surveillance Expedite delivery

• Every 15 min in the 1st stage of labor
• Every 5 min in the 2nd stage of labor

• Every 30 min in the 1st stage of labor 
> Every 15 min in the 2nd stage of labor

FIG 15-22 Intrapartum fetal heart rate (FHR) management decision model.

Expectant Management Versus Delivery
If conservative measures do not correct a persistent category II 
FHR tracing, the clinician must decide whether to continue 
to await spontaneous vaginal delivery or to proceed with opera
tive delivery. The decision balances the likelihood o f safe 
vaginal delivery against the potential for fetal hypoxic injury. 
In 2013 , Clark and colleagues'1 proposed a standardized 
approach to the management o f persistent category II FHR 
tracings. As illustrated in Figure 15-23, the algorithm empha
sizes the reliability o f moderate variability or accelerations 
to exclude ongoing hypoxic injury. h

For the purposes of this algorithm, significant decelerations 
are defined as late decelerations or variable decelerations that 
last more than 60 seconds. Recommended management of 
prolonged decelerations includes discontinuation o f the 
algorithm and initiation o f appropriate corrective measures. 
In the setting o f moderate variability or accelerations and 
normal progress in the active phase or second stage o f labor, 
the algorithm permits continued expectant management 
with close observation in most cases, regardless o f the pres
ence o f decelerations. One exception is the scenario in which 
conservative measures fail to correct recurrent significant 
decelerations remote from delivery. Another is the setting 
in which vaginal bleeding and/or previous cesarean section 
introduce the risks o f placental abruption or uterine rupture. 
In such situations, further evaluation may be necessary, and 
adherence to the algorithm should be individualized. On 
the other side o f the algorithm, i f  moderate variability and 
accelerations are absent, and recurrent significant decelera
tions fail to respond to corrective measures for 30 minutes,

delivery should be considered regardless o f the stage of 
labor. If moderate variability and accelerations are absent 
for 30 minutes without recurrent decelerations, the algo
rithm permits observation for an hour, beyond which time 
persistence o f the pattern warrants consideration o f delivery. 
This algorithm reflects the consensus o f 18 authors regarding 
one reasonable approach to persistent category II FHR pat
terns. No single approach to such patterns has been demon
strated to be superior to all others. However, a growing body 
of evidence supports the concept that the adoption o f one 
appropriate management plan, by virtue o f standardization 
alone, will yield results superior to those achieved by random 
application o f several individually equivalent approaches. ' ’’37

Other Methods of Evaluating Fetal Status
One of the primary shortcomings of electronic FHR monitoring 
is the high rate of false-positive results. Even the most abnormal 
FHR patterns are poorly predictive of neonatal morbidity. Con- 
sequendy, alternative methods o f evaluating fetal status have 
been explored and include fetal scalp pH and lactate deter
mination, fetal stimulation, computer analysis o f FHR, fetal 
pulse oximetry, and ST-segment analysis. In assessing the 
immediate condition o f the newborn, umbilical cord acid- 
base determination can serve as an adjunct to the Apgar score.

Intrapartum Fetal Scalp pH and Lactate Determination
Intermittent sampling of fetal scalp blood for pH determination 
was described in the 1960s and was studied extensively in the 
1970s. However, its use has been limited by many factors, 
including the requirements for cervical dilation and membrane
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Yes

Moderate variability or accelerations

No

FIG 15-23 Algorithm for management of category II fetal heart rate tracings. *Have not resolved with appropriate conservative corrective mea
sures, which may include supplemental oxygen, maternal position changes, intravenous fluid administration, correction of hypotension, reduction 
or discontinuation of uterine stimulation, administration of uterine relaxant, amnioinfusion, and/or changes in second-stage breathing and pushing 
techniques. OVD, operative vaginal delivery. (Clark SL, Nageotte MP, Garite TJ, et al. Intrapartum management of category II fetal heart rate 
tracings: towards standardization of care. Am J Obstet Gynecol. 2013;209[2]:89-97.)

rupture, the technical difficulty of the procedure, the need for 
serial pH determinations, and uncertainty regarding interpreta
tion and application of results. It is used infrequently in the 
United States but remains a common practice in many other 
countries. A recent meta-analysis38 compared fetal scalp pH 
determination to fetal scalp lactate determination and found no 
differences in maternal, fetal, neonatal, or infant outcomes. 
Goodwin and colleagues39 reported that the elimination of fetal 
scalp pH determination in a large clinical service resulted in no 
increase in the rates of cesarean delivery for fetal distress, low 
Apgar scores requiring neonatal intensive care unit (NICU) 
admission, or the clinical diagnosis of perinatal asphyxia.

Fetal Scalp Stimulation and Vibroacoustic Stimulation
A number of studies have reported that FHR accelerations in 
response to fetal scalp stimulation or vibroacoustic stimulation 
(VAS) are highly predictive of normal scalp blood pH.40-41 A 
literature review and meta-analysis by Skupski and colleagues42 
confirmed the utility of various methods of intrapartum fetal 
stimulation, including scalp puncture, atraumatic stimulation 
with an Allis clamp, VAS, and digital stimulation. Fetal scalp 
stimulation, VAS, and halogen light stimulation can be used to 
provoke FHR accelerations in order to exclude the presence of 
fetal metabolic acidemia.42 Accelerations provoked by fetal stim
ulation have the same prognostic significance as spontaneous 
FHR accelerations.16 Fetal stimulation should be performed at 
times when the FHR is at baseline. The utility of fetal stimula
tion during FHR decelerations or bradycardia has not been 
established.

Computer Analysis of Fetal Heart Rate
Visual analysis of the FHR has been plagued by reports of poor 
interobserver and intraobserver reliability. In an attempt to over
come these limitations, Dawes and others43,44 derived an objec
tive system of numeric FHR analysis. Computer analysis of 
intrapartum FHR records has been reported to be more precise 
than visual assessment but has not been shown to improve

prediction of neonatal outcome.45 Keith and colleagues46 
reported the results of a multicenter trial of an intelligent com
puter system that used clinical data in addition to FHR data. In 
50 cases analyzed, the system’s performance was indistinguish
able from that of 17 expert clinicians. The authors reported that 
the system was highly consistent, recommended no unnecessary 
intervention, and performed better than all but two of the 
experts.

Fetal Pulse Oximetry
Intrapartum reflectance fetal pulse oximetry is a modification of 
transmission pulse oximetry that indirectly measures the oxygen 
saturation of hemoglobin in fetal blood. An intrauterine sensor 
placed in contact with fetal skin uses the differential absorption 
of red and infrared light by oxygenated and deoxygenated fetal 
hemoglobin to provide a continuous estimation of fetal oxygen 
saturation. Several studies have examined the utility of intrapar
tum fetal pulse oximetry.47'52 Although the studies reported a 
reduction in the incidence of cesarean delivery for fetal indica
tions, no consistent impact on overall cesarean rates or newborn 
outcomes has been demonstrated. The results of a number of 
randomized trials led the manufacturer to announce that it 
would no longer distribute the sensors in the United States, 
effectively withdrawing the product from the market.

P-R and ST-Segment Analysis
P-R and ST-segment analysis study of the fetal ECG has pro
duced varying results. In animal studies, FHR decelerations that 
accompany hypoxemia have been observed in association with 
characteristic changes in the fetal P-R interval. Strachan and 
colleagues53 compared standard EFM to EFM plus P-R interval 
analysis in 1038 women. The groups demonstrated statistically 
similar rates of operative intervention for presumed fetal distress 
and the authors reported no differences in newborn outcomes. 
The ST segment of the fetal ECG reflects myocardial repolariza
tion. Myocardial hypoxia can lead to elevation of the ST segment 
and T wave secondary to catecholamine release, [3-adrenoceptor
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activation, glycogenolysis, and tissue metabolic acidosis.1418 
These observations have led to the development of technology 
to analyze the fetal ECG plus the ST waveform (STAN; Neoventa 
Medical). One randomized trial59 in 2434 patients demonstrated 
a 46% reduction in operative intervention for fetal distress when 
ST-segment analysis was added to standard EFM. Operative 
interventions for dystocia and other indications were not 
increased. Fewer cases of metabolic acidemia and low 5-minute 
Apgar scores were observed in the group with EFM plus 
ST-segment analysis; however, these differences did not reach 
statistical significance. Another trial60 that used newer technol
ogy included 4966 women randomized to EFM alone versus 
EFM plus ST-segment analysis. W hen analyzed according to 
intention to treat, the incidence of umbilical artery acidemia was 
53% lower in the group who had EFM plus ST-segment analy
sis, but cesarean delivery rates were not different. A large mul
ticenter trial61 randomized 5681 women to intrapartum EFM 
alone versus EFM plus ST-segment analysis. No significant dif
ference was observed in the primary outcome of metabolic aci
dosis, defined as an umbilical artery pH below 7.05 with a base 
deficit of more than 12 mmol/L in the extracellular fluid. In the 
group with EFM plus ST analysis, statistically fewer cases were 
reported of fetal blood sampling during labor (10.6% vs. 
20.4%), umbilical artery pH below 7.05 and base deficit greater 
than 12 mmol/L in the blood (1.6% vs. 2.6% ), and umbilical 
artery pH below 7.05 (1.9% vs. 2.7% ). Cesarean deliveries, 
instrumented vaginal deliveries, and total operative deliveries 
occurred with statistically similar frequency in both groups, with 
no differences in operative deliveries for fetal distress. No other 
statistically significant differences were reported in newborn 
outcome. A 2013 meta-analysis62 of five studies that included 
15,338 women concluded that adjunctive ST-segment analysis 
resulted in fewer fetal scalp samples, fewer operative vaginal 
deliveries, and fewer NICU admissions. However, no significant 
differences were found in the rate of cesarean births, low Apgar 
scores, metabolic acidemia at birth, neonatal intubation, or neo
natal encephalopathy.

The Eunice Kennedy Shriver NICHD Maternal Fetal Medi
cine Units Network recently completed analysis of data from a 
Phase III trial (N C T01131260) of the safety and efficacy of fetal 
ECG ST-segment and T-wave analysis (STAN) as an adjunct to 
electronic FHR monitoring. The study63 randomized 11,108 
women to undergo standard intrapartum FHR monitoring 
alone or standard FHR monitoring plus STAN. No significant 
differences were found between the groups in the primary 
outcome— a composite of one or more of intrapartum fetal 
death, neonatal death, Apgar score of 3 of lower at 5 minutes, 
neonatal seizure, umbilical cord artery pH of 7.05 or lower plus 
base deficit of at least 12 mmol/L, intubation for ventilation at 
delivery, and neonatal encephalopathy. Moreover, no differences 
were reported between the groups in operative vaginal deliveries, 
cesarean deliveries, NICU stay, meconium aspiration, or shoul
der dystocia. Tbte authors concluded that the use of STAN as an 
adjunct to conventional intrapartum electronic FHR monitor
ing did not improve perinatal outcomes, nor did it decrease 
operative deliveries in hospitals in the United States.63

Abdominal Fetal Electrocardiogram
A noninvasive abdominal fetal ECG (fECG) monitoring system, 
the Monica AN24 (Monica Healthcare, Nottingham, UK) has 
been approved for clinical practice.64 The system uses five ECG 
electrodes placed around the maternal abdomen. The electrodes 
detect the fetal ECG, as well as the uterine electromyogram, to

provide a continuous display of FHR and uterine activity. Pro
spective observational studies have demonstrated that FHR 
detection using abdominal fECG was more reliable and accurate 
than Doppler ultrasound during the first stage of labor and was 
equivalent to Doppler during the second stage.64 Abdominal 
fECG was less likely than Doppler ultrasound to display the 
maternal heart rate in place of the fetal heart rate. Another study 
demonstrated that Doppler ultrasound detection of FHR 
degraded with increasing maternal body mass index (BMI); 
however, maternal habitus did not affect the accuracy and reli
ability of the abdominal fECG.65

Umbilical Cord Blood Gas Determination
Umbilical cord blood gas and pH assessment is a useful adjunct 
to the Apgar score in assessing the immediate condition of the 
newborn. No contraindications exist to obtaining cord gases. 
The ACOG Committee on Obstetric Practice recommends 
that physicians should attempt to obtain umbilical venous 
and arterial blood samples in the following situations66:

• Cesarean delivery for fetal compromise
• Low 5-minute Apgar score
• Severe growth restriction
• Abnormal fetal heart rate tracing
• Maternal thyroid disease
• Intrapartum fever
• Multifetal gestations
Immediately after delivery of the neonate, a segment of 

umbilical cord should be double-clamped and divided. A 
clamped segment of cord will remain stable for pH, PO2, and 
PCO2 analysis for at least 60 minutes.65 A cord blood sample in 
a heparin-flushed syringe is stable for up to 60 minutes.64 Base- 
deficit values may increase by 1.2 mmol/L in 20 minutes and 
by 4.5 mmol/L in 60 minutes.13,65 Lactate values can increase 
by 40% within 20 minutes and by 245% in 60 minutes, there
fore if  warranted by the condition of the neonate, blood should 
be drawn from an artery and a vein in the clamped cord segment 
and should be sent to the laboratory for blood gas analysis, 
including pH, PO2, PCO2, and base deficit, preferably within 
20 minutes. If blood gas analysis is expected to take longer than 
20 minutes, the syringe should be stored on ice. In all such cases, 
base deficit and lactate values should be interpreted with 
caution.13 Umbilical arterial values reflect the metabolic status 
of fetal tissues before placental gas exchange, whereas umbilical 
venous values reflect metabolic status after gas and acid transfer 
in the placenta. Normal umbilical arterial results preclude sig
nificant fetal hypoxia or acidemia around the time of delivery. 
An attempt should be made to obtain paired arterial and venous 
specimens to help ensure that at least one artery is sampled and 
to minimize debate over whether a true arterial specimen was 
obtained. If it is not possible to draw blood from the umbilical 
cord, blood may be obtained from the surface of the placenta, 
where umbilical arteries cross over veins. Blood gas values can 
change significantly over time when the sample is obtained from 
the placenta via an unclamped vessel. Therefore such samples 
should be analyzed as promptly as possible and interpreted with 
appropriate caution. Exposure of arterial or venous samples to 
air tends to increase the PO2 and decrease the PCO2 toward 
atmospheric values.13 Approximate normal values for cord blood 
are summarized in Table 15-5. 813

The base deficit reflects utilization of buffer bases (primarily 
bicarbonate) to help stabilize pH, usually in the setting of 
peripheral tissue hypoxia, anaerobic metabolism, and produc
tion and accumulation of lactic acid. An umbilical artery pH
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less than 7.20 usually is considered to define acidemia. A much 
lower pH (7.0) has been defined as the threshold o f potential 
injury. Acidemia is categorized as respiratory, metabolic, or 
mixed. Isolated resp ira to ry  a cid em ia  is diagnosed when the 
umbilical artery pH is less than 7.20, the PCO2 is elevated, 
and the base deficit is less than 12 mmol/L. This reflects 
interrupted exchange o f blood gases, usually as a transient 
phenomenon related to umbilical cord compression. Isolated 
respiratory acidemia is not associated with fetal neurologic 
injury.9 Isolated m eta b o lic a cid em ia  is diagnosed when the 
pH is less than 7.20, the PCO2 is normal, and the base deficit 
is at least 12 mmol/L. Metabolic acidemia can result from 
recurrent or prolonged interruption o f fetal oxygenation that 
has progressed to the stage o f peripheral tissue hypoxia, 
anaerobic metabolism, and lactic acid production in excess 
o f buffering capacity. Although most cases of fetal metabolic 
acidemia do not result in injury, the risk is increased in the 
setting of significant metabolic acidemia (umbilical artery pH 
<7.0 and base deficit >12 mmol/l M ixed a cid em ia  (respi
ratory and metabolic) is diagnosed when the pH is below 
7.20, the PCO2 is elevated, and the base deficit is 12 mmol/L 
or greater. The clinical significance o f mixed acidemia is 
similar to that o f isolated metabolic acidemia. The categories 
of acidemia are summarized in Table 1 5-6.

ALTERNATIVES TO ELECTRONIC 
FETAL MONITORING 
Electronic Fetal Monitoring Versus 
Traditional Auscultation
As early as the nineteenth century, certain audible FHR patterns 
were observed to be associated with poor newborn outcome. In 
the 1960s, the introduction of EFM and fetal scalp blood sam
pling provided additional tools to evaluate the fetus. In 1967, 
Hon and Quilligan67 proposed a system for classifying FHR 
decelerations. In 1969, Kubli and Hon28 explored the relation
ship between the type and severity of FHR deceleration and the

TABLE 15-6 CATEGORIES OF UMBILICAL 
ARTERY ACIDEMIA

VALUE RESPIRATORY METABOLIC MIXED

pH <7.20 <7.20 <7.20
PCO2 Elevated Normal Elevated
Base deficit <12 mmol/L >12 mmol/L >12 mmol/L

fetal scalp blood pH. They reported that fetuses with no decel
erations, early decelerations, or mild variable decelerations had 
average scalp pH values greater than 7.29, whereas those with 
severe variable or late decelerations had pH values below 7.15. 
Investigators have demonstrated the importance of FHR vari
ability and FHR accelerations as indicators of the absence of 
metabolic acidemia and ongoing hypoxic injury.40,41 When 
intrapartum EFM replaced the traditional practice of intermit
tent auscultation (IA) in the 1970s, a series of studies reported 
significantly lower perinatal mortality rates in electronically 
monitored patients. These studies were nonrandomized and 
used nonconcurrent controls. Critics have cited rapidly improv
ing neonatal care and falling perinatal mortality rates as possible 
sources of bias. During the time of these studies, hospitals that 
were not using EFM experienced improvements in perinatal 
outcome similar to those seen in hospitals that were using 
EFM.68 Nevertheless, these studies had the effect of validating 
the use of EFM. In 1976, the first of a series of randomized 
controlled trials was published that compared EFM to IA during 
labor. To date, 12 such studies have been published.69"80 These 
trials are summarized in Table 15-7.

Randomized Controlled Trials of Electronic 
Fetal Monitoring Versus Auscultation
In 1976, Haverkamp and associates69 reported the first prospec
tive randomized study of 483 high-risk obstetric patients to 
compare EFM to IA in labor. In the EFM group, a scalp elec
trode was placed as soon as possible. Auscultation in the control 
(IA) group was performed every 15 minutes in the first stage of 
labor and every 5 minutes in the second stage, for 30 seconds 
after uterine contractions. Electronic monitoring was used in 
both groups but was blinded in the LA group. In the EFM group, 
FHR patterns were evaluated using the criteria of Kubli and 
Hon.28 In patients with late decelerations or severe variable 
decelerations that persisted after 15 minutes of corrective mea
sures (oxygen, positional changes, correction of hypotension), 
delivery was accomplished. “Fetal distress” in the IA group was 
diagnosed by the presence of bradycardia to 100 beats/min after 
three or more consecutive contractions. Delivery was accom
plished if  the pattern was not relieved w ithin 15 minutes. No 
significant differences were reported between the EFM and 
control groups in the outcomes of perinatal mortality, Apgar 
scores, cord blood pH values, neurologic signs in the neonate, 
or neonatal nursery morbidity. The monitored group, however, 
had significantly higher rates of cesarean delivery overall (16.5%

TABLE 15-7 RANDOMIZED TRIALS OF ELECTRONIC FETAL MONITORING VERSUS INTERMITTENT AUSCULTATION

STUDY YEAR N PERINATAL MORBIDITY PERINATAL MORTALITY CESAREAN RATE

Haverkamp69 1976 483 No difference No difference Higher in EFM group
Renou70 1976 350 See text No difference Higher in EFM group
Kelso71 1978 504 No difference No difference Higher in EFM group
Haverkamp72 1979 690 No difference No difference Higher in EFM group
Wood73 1981 989 No difference No difference No difference
MacDonald74 1985 12,964 Lower in EFM group* No difference No difference
Neldam75 1986 969 No difference No difference No difference
Leveno76 1986 14,618 No difference No difference Not reportedt
Luthy77 1987 246 No difference No difference No difference
Vintzileos78 1993 1428 No difference Lower in EFM group$ No difference
Herbst79 1994 4044 No difference No difference No difference
Madaan80 2006 100 No difference No difference No difference

*Fewer neonatal seizures were reported in the electronic fetal monitoring (EFM) group, but no difference was found at 4 years of age. 
tThe cesarean rate for fetal indications was higher in the EFM group, but overall cesarean rates were not reported.
$The study ended after the third quarterly review because of a statistically significant fivefold decrease in perinatal mortality in the EFM group.
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vs. 6.8%) and higher rates of cesarean delivery for “fetal distress” 
(7.4% vs. 1.2%).

The second study, by Renou and colleagues 0 in 1976, ran
domized 350 patients to undergo intrapartum fetal monitoring 
with EFM or IA. Continuous EFM was performed in the study 
group, and scalp pH was measured if the FHR tracing was 
judged to be abnormal. The protocol for auscultation in the IA 
group was not reported. No significant differences were found 
between the groups with respect to perinatal mortality, Apgar 
scores, or maternal or neonatal infection; however, patients in 
the monitored group had significantly higher cord blood pH 
values and significantly lower rates of NICU admission, neona
tal neurologic signs and symptoms, and neonatally diagnosed 
brain damage (not further defined). The cesarean section rate 
was significantly higher in the monitored group than in the 
control group (22.3% vs. 13.7%), but the rates of cesarean 
delivery for suspected fetal compromise were not reported.

In 1978, Kelso and colleagues published the third randomized 
controlled trial (RCT) to compare EFM and IA in 504 patients.71 
Continuous EFM was used in study patients, and a fetal scalp 
electrode was placed as early as possible. Auscultation in the IA 
group was performed at least every 15 minutes for 1 minutes 
during and immediately following a contraction. Crossover was 
not permitted, and scalp pH determination was not utilized. No 
significant differences were reported between the groups with 
respect to perinatal mortality, low Apgar scores, cord blood pH 
values, NICU admissions or lengths of stay, neonatal or mater
nal infections, or abnormal neonatal neurologic findings. The 
only significant difference between the groups was an increase 
in the incidence of cesarean birth in the monitored group (9.5% 
vs. 4.4% ); however, no significant difference was found in the 
incidence of cesarean delivery for fetal distress (EFM 1.6%, 
control 1.2%).

In 1979, Haverkamp and associates72 published another RCT 
that included additional measures of infant status and the option 
to perform fetal scalp pH determination during labor. A total 
of 690 high-risk patients were randomized into three groups: in 
the first group, fetal assessment during labor was accomplished 
by IA; the second group had continuous EFM alone; and the 
third group had continuous EFM with the option to measure 
scalp blood pH as needed. Among the three groups, no signifi
cant differences were seen in perinatal mortality, Apgar scores, 
cord blood pH values, maternal or neonatal infectious morbid
ity, NICU admissions, or neonatal neurologic abnormalities. A 
significant increase in the incidence of cesarean birth was dem
onstrated in the group monitored with EFM alone (EFM alone, 
18%; EFM with the option to scalp sample, 11%; LA, 6%). The 
option to perform scalp sampling resulted in an intermediate 
cesarean delivery rate that was not significantly different from 
either of the other groups. Analyzed together, electronically 
monitored patients had a significantly higher incidence of cesar
ean delivery for fetal distress than did controls (5.2% vs. 0.43%).

The fifth trial was published in 1981 by Wood and col
leagues,73 wherein a total of 989 patients were randomized to 
undergo EFM or IA during labor. Monitored patients had place
ment of a fetal scalp electrode as early as possible. The protocol 
for auscultated patients was not described. Scalp pH measure
ments were performed as needed, and no significant differences 
were found between the groups in perinatal mortality, Apgar 
scores, cord blood pH values, NICU admissions, or neonatal 
neurologic abnormalities. In this study, the overall rate of opera
tive intervention (including forceps) was significantly higher in

the monitored group, but the cesarean delivery rates were not 
significantly different (4% in the EFM group and 2% in the IA 
group). Rates of cesarean delivery for fetal distress were not 
reported.

In 1985, MacDonald and colleagues74 published a random
ized controlled trial that compared EFM to IA in 12,964 preg
nancies. It was the first study to calculate prospectively the 
sample size needed to demonstrate statistically significant differ
ences between the groups. Prior to initiation of the study, esti
mates were made of the anticipated frequencies of intrapartum 
stillbirths, neonatal deaths, neonatal seizures in survivors, and 
other severe abnormal neurologic characteristics. The authors 
calculated that 13,000 patients would be needed to demonstrate 
a 50% reduction in the combined incidence of intrapartum 
stillbirths, neonatal deaths, and neonatal seizures in survivors 
(power 75%, P  = .05). A trial of that size would have a 50% 
chance of detecting a 50% reduction in the rate of seizures alone. 
In the EFM group, a fetal scalp electrode was applied as early as 
possible, and scalp pH measurements were performed as needed. 
Criteria for evaluation of the FHR tracings were similar to those 
of Kubli and Hon.28 Suspicious or ominous tracings were those 
with marked tachycardia or bradycardia, moderate tachycardia 
or bradycardia with decreased variability, absent to minimal vari
ability, late decelerations, moderate to severe variable decelera
tions, and other difKcult-to-interpret patterns. In the first stage 
of labor, a scalp pH evaluation was performed if  such patterns 
persisted for at least 10 minutes. A scalp pH below 7.20 was an 
indication for delivery. If the fetal scalp pH was between 7.20 
and 7.25 with persistent suspicious or ominous FHR patterns, 
or if  it was less than 7.20 regardless of the FHR pattern, delivery 
was accomplished. If the scalp pH was greater than 7.25 but the 
tracing remained suspicious or ominous, the scalp pH was 
repeated within 30 to 60 minutes. In the second stage of labor, 
delivery was accomplished if  FHR abnormalities persisted for at 
least 10 minutes. In the control group, LA was performed every 
15 minutes for 60 seconds in the first stage of labor and between 
each contraction during the second stage. If the FHR was less 
than 100 beats/min or greater than 160 beats/min during three 
contractions and could not be corrected with conservative mea
sures, a scalp pH was measured and managed as above, or deliv
ery was expedited, depending on the stage of labor. Blood 
sampling also was performed at unspecified intervals in the 
control group when labor exceeded 8 hours, and no significant 
differences were found between the groups in perinatal mortal
ity, low Apgar scores, neonatal trauma, resuscitation require
ment, NICU admissions, or infectious morbidity. Among the 28 
perinatal deaths, asphyxia was considered to be the primary 
cause in seven patients in each group. Significantly more cases of 
neonatal seizures and persistent neurologic abnormalities (>1 
week) were present in the control group. However, follow-up at
4 years of age revealed three cases of CP in each group.81 Labor 
was significantly shorter in the EFM group, and analgesia was 
required less often. Twice as many fetuses with low scalp pH 
(<7.20) were identified in the EFM group, and scalp sampling 
was used more frequently (EFM 4.4% , control 3.5%). The cesar
ean delivery rate in the EFM group (2.4%) was not significantly 
different from that in the auscultated group (2.2%). Overall 
rates of operative delivery were higher in the EFM group (10.6% 
vs. 8.5%) because of an increased use of forceps (8.2% vs. 6.3%). 
Rates of cesarean delivery for fetal distress were not significantly 
different (EFM 0.4%, IA 0.2%). In this study, the largest to date, 
EFM was associated with no increase in maternal morbidity.
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In 1986, Neldam and colleagues75 reported a randomized 
controlled trial of EFM versus IA in 969 patients. In the EFM 
group, monitoring was initiated when patients no longer desired 
to ambulate. A scalp electrode was placed as soon as possible 
thereafter. In the LA group, fetal heart tones were auscultated 
twice an hour for at least 15 seconds at cervical dilation less 
than 5 cm, every 15 minutes from 5 cm until the second stage 
of labor, and for 30 seconds after each contraction or at least 
every 5 minutes during the second stage. Scalp pH sampling 
was optional and was performed only five times (EFM three, 
control two). No statistical differences were detected between 
the groups with respect to perinatal mortality, low Apgar scores, 
seizures, NICU admissions, or lengths of stay. Significantly more 
abnormal FHR patterns were detected in the EFM group, 
however, no difference was reported in the incidence of cesarean 
delivery.

In 1986, Leveno and colleagues76 published a prospective trial 
that included 14,618 patients randomized to EFM or IA during 
alternate months. Perinatal mortality, 5-minute Apgar scores, 
NICU admissions, ventilator requirement, and neonatal seizures 
were similar in the two groups. More abnormal FHR patterns 
were observed in the monitored group, which led to significantly 
more cesarean sections for “fetal distress” (9% vs. 4%). However, 
overall cesarean rates were not reported.

The ninth study, by Luthy and colleagues77 in 1987, com
pared EFM and IA in 246 patients with preterm labor. In the 
EFM group, external monitoring was used until advanced cervi
cal dilation (7 cm) had been attained, at which time amniotomy 
was performed and a scalp electrode was placed. In those with 
ruptured membranes, a scalp electrode was placed once delivery 
was inevitable. Fetal scalp blood sampling was used as clinically 
indicated in both groups. The groups did not differ with respect 
to the use of tocolytics, corticosteroids, oxytocin, or regional 
anesthesia. No differences were found in perinatal mortality, low 
Apgar scores, cord pH values, neonatal seizures, respiratory dis
tress syndrome, or intracranial hemorrhage. Cesarean section 
rates were not statistically different (EFM 15.6%, controls 
15.2%), and no difference was found in the incidence of cesar
ean delivery for “fetal distress” (EFM 8.2%, controls 5.6%).

In 1993, Vintzileos and colleagues78 published a randomized 
trial that was conducted in Greece to compare EFM and LA in 
1428 patients in a population with high baseline perinatal mor
tality rates (20.4 to 22.6 per 1000). The relatively high incidence 
of perinatal death markedly improved the likelihood of detecting 
a statistically significant effect of EFM. The authors prospec- 
tively calculated that in a sample of 2210 patients, they would 
have an 80% chance of detecting a 67% reduction in perinatal 
mortality at a 0.05 level of significance. Reviews were conducted 
every 3 months, and the study was ended after the third review 
in light of a statistically significant fivefold decrease in perinatal 
mortality in the EFM group, in which external monitoring was 
used as long as satisfactory tracings were obtained. Scalp elec
trodes were placed as needed. In the control group, LA was 
performed every 15 minutes during the first stage of labor and 
every 5 minutes during the second stage. Fetal scalp blood sam
pling was not used in either group, and crossover was not per
mitted. Significantly fewer perinatal deaths occurred in the EFM 
group than in the controls (2.6 vs. 13 per 1000), and no hypoxia- 
related perinatal deaths were reported in the EFM group, 
whereas 6 such deaths occurred in the auscultation group 
(0.9%). This difference was statistically significant. The groups 
did not differ significantly with respect to low Apgar scores, 
NICU admissions or lengths of stay, ventilator requirements,

neonatal HIE, intraventricular hemorrhage, seizures, hypotonia, 
necrotizing enterocolitis, or respiratory distress syndrome. The 
incidence of cesarean delivery for fetal distress was significantly 
higher in the EFM group (5.3% vs. 2.3% ), but the overall inci
dence of cesarean birth was not significantly different between 
the EFM and IA groups (9.5% vs. 8.6%).

In Sweden in 1994, Herbst and Ingemarsson79 randomized 
4044 patients to receive continuous EFM or intermittent EFM 
with IA during labor. In the latter group, EFM was used for 10 
to 30 minutes every 2 to 2.5 hours during the first stage of 
labor with intermittent auscultation every 15 to 30 minutes 
between recording periods. No statistically significant differ
ences were found between the groups in the rates of cesarean 
delivery, cesarean delivery for fetal distress, low umbilical artery 
pH values, low Apgar scores, or admissions to the NICU.

In India in 2006, Madaan and Trivedi80 randomized 100 
patients with one previous low transverse cesarean delivery to 
either continuous EFM or IA during labor and found no differ
ences between the groups in maternal or neonatal morbidity or 
in rates of vaginal, forceps, or cesarean delivery.

Summary of Randomized Trials of 
Electronic Fetal Monitoring Versus 
Intermittent Auscultation
Randomized trials have demonstrated, with some caveats, that 
IA and EFM can perform similarly with respect to perinatal 
morbidity and mortality without contemporary evidence of a 
significant impact on cesarean delivery rates. It is important to 
note that the randomized trials compared EFM with IA com
bined with one-on-one nursing and frequent auscultation of 
fetal heart sounds. This level of individualized nursing care may 
be available in some settings, however, most obstetric units will 
find the personnel requirements to be impractical and cost pro
hibitive. Although FHR decelerations and accelerations can be 
detected with IA, no evidence suggests that LA can confirm the 
presence of moderate variability—an FHR characteristic that has 
emerged as one of the most reliable measures of adequate fetal 
oxygenation, and one that is used by clinicians on a daily basis 
to ensure that it is safe to continue labor. Thus in most of the 
randomized trials, an abnormal FHR observed during IA war
ranted a change to EFM. The safety of managing an abnormal 
FHR pattern with IA alone has not been established. The 
AGOC-AAP Guidelines f o r  Perinatal CartP indicate that EFM 
or IA may be used to determine fetal status during labor. When 
IA is used, obstetric unit guidelines should clearly delineate the 
procedures to be followed, including the consistent use o f stan
dard NICHD definitions of FHR. In the absence of risk factors, 
a standard approach is to determine, evaluate, and record the 
FHR every 30 minutes in the active phase of the first stage of 
labor and at least every 15 minutes in the second stage.29 If risk 
factors are present, the FHR should be determined, evaluated, 
and recorded at least every 15 minutes during the active phase 
of the first stage of labor, preferably before, during, and after a 
uterine contraction. During the second stage, the FHR should 
be determined, evaluated, and recorded at least every 5 minutes.29

POTENTIAL RISKS OF ELECTRONIC 
FETAL MONITORING 
Infection
Early concerns regarding the potential for maternal or neonatal 
bacterial infections in electronically monitored patients appear 
to have been unfounded. One randomized trial demonstrated
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an increased risk of maternal infectious morbidity in patients 
randomized to EFM.69 However, these results are difficult 
to interpret in light of the fact that fetal scalp electrodes were 
used in both the EFM and IA groups (FHR tracings were 
recorded in the LA group, but clinicians were blinded to them). 
The largest randomized trial to date revealed no increased infec
tious morbidity in electronically monitored patients.74 Never
theless, disruption o f the integrity o f fetal skin with a fetal 
scalp electrode should be avoided in patients at risk for 
vertical perinatal transmission o f viral infections, including 
human immunodeficiency virus (HIV), herpes simplex virus 
(HSV), and hepatitis.

Operative Intervention
Meta-analyses of the randomized trials of EFM versus IA have 
reported higher rates of operative intervention in monitored 
patients compared with controls.82,83 A Cochrane review84 that 
spanned three decades reported a 15% higher rate of instrumen
tal vaginal delivery in electronically monitored patients (risk 
ratio [RR], 1.15; 95% confidence interval [C l], 1.01 to 1.33). 
The same review reported a 63% higher rate of cesarean delivery 
in electronically monitored patients (RR, 1.63; 95% C l, 1.29 
to 2.07).84 However, published data from the most contempo
rary randomized trials suggest that the effect of EFM on cesarean 
delivery rates is minimal. Four randomized trials that included 
a total of 2027 subjects were published before 1980, during the 
first decade of clinical use of EFM.69'72 All of these studies 
reported significantly higher rates of cesarean delivery in elec
tronically monitored patients. However, as summarized in Table
15-7, seven of the eight randomized trials published after 1980, 
which included more than 10 times the number of subjects 
(20,740), failed to replicate this observation.73 75'77'80 The eighth 
trial76 did not report overall cesarean delivery rates. Although 
historically EFM has been considered to contribute to higher 
cesarean rates, an alternative explanation o f the most con
temporary data is that the early impact o f EFM on cesarean 
delivery rates has been mitigated by refinements in FHR 
interpretation and management that have accompanied 
decades o f clinical experience with the technology.

BENEFITS OF ELECTRONIC 
FETAL MONITORING
Nonrandomized studies in the 1970s reported significantly 
lower perinatal mortality rates in electronically monitored 
patients. In subsequent years, only one randomized trial was able 
to replicate these observations.78 Despite a lack of consensus on 
many points, EFM has been demonstrated to be at least as effec
tive in preventing perinatal morbidity and mortality as the previ
ous practice of LA.

LIMITATIONS OF ELECTRONIC 
FETAL MONITORING 
Prediction and Prevention of Hypoxic Injury
Despite early hopes, EFM has not proven to be a reliable predic
tor of fetal or neonatal metabolic acidemia, neonatal encepha
lopathy, or long-term neurologic impairment in the form of CP. 
The reported false-positive rate of EFM for detecting CP is 
99.8%, yielding a positive predictive value of 1 in 500.17 85 To 
provide context for this figure, the prevalence of CP in the 
general population is approximately 1 in 500.85 The failure of 
EFM to predict hypoxic neurologic in jury is largely due to the

fact that EFM is not a diagnostic test fo r  hypoxic neurologic injury. 
Instead, it is a screening test that detects transient intrapartum 
interruption of fetal oxygenation as an early precursor to hypoxic 
neurologic injury. When used as a screening test, the negative 
predictive value of EFM is excellent. Normal EFM results virtu
ally preclude intrapartum interruption of fetal oxygenation suf
ficient to cause hypoxic injury; however, the converse is not true. 
Abnormal EFM results rarely predict the presence of hypoxic 
injury. Instead, abnormal EFM results usually reflect transient 
interruption of fetal oxygenation, a common feature of normal 
labor that rarely leads to hypoxic injury. This is particularly true 
when abnormal EFM results trigger conservative measures that 
alter the natural progression of oxygen deficiency. After decades 
of research, it is clear that EFM is a reliable screening test with 
exceptional negative predictive value. Normal screening results 
confirm the safety of continued expectant management. Abnor
mal screening results should prompt additional investigation, 
heightened surveillance, and initiation of conservative measures 
as needed to improve fetal oxygenation. Definitive intervention 
in the form of operative delivery is ideally reserved for cases in 
which conservative measures are unsuccessful and ongoing 
hypoxic in jury cannot be excluded. No single EFM finding or 
combination of findings has been found to be a reliable predictor 
of long-term neurodevelopmental impairment in the form of 
CP. Consequently, any attempt to use EFM for its positive pre
dictive value as a diagnostic test for CP is destined to yield 
unsatisfactory results. W hen EFM replaced the traditional prac
tice of LA in the 1970s, nonrandomized trials reported signifi
cantly lower perinatal mortality rates in electronically monitored 
patients. In subsequent years, only one randomized tr ia l- 
conducted in a setting with high baseline perinatal mortality 
rates of 20.4 to 22.6 per 1000-was able to replicate this observa
tion. A recent meta-analysis84 of published randomized trials 
that included more than 33,000 patients demonstrated no sig
nificant reduction in perinatal mortality in electronically moni
tored patients compared with those monitored with LA. In fact, 
data derived from all of the randomized trials combined have 
failed to demonstrate the ability of EFM to reduce the risk of 
fetal metabolic acidemia, neonatal HIE, CP, or perinatal death 
compared with IA conducted with one-on-one nursing under 
strict research protocols.84 This has led some to conclude that 
EFM has failed as a public health screening program.86 An 
alternative interpretation is that in appropriately selected 
patients, EFM and IA conducted with vigilance commensurate 
with that applied in the randomized trials can be expected to 
perform similarly with respect to maternal and perinatal mor
bidity and mortality.

Prediction and Prevention of Fetal Stroke
As old EFM polemics gradually give way to evidence-based 
consensus, new controversies are arising. For example, a recent 
meta-analysis of four studies reported a possible relationship 
between abnormal intrapartum FHR patterns and the later diag
nosis of perinatal arterial ischemic stroke (PAIS).87 One of the 
four studies included only preterm deliveries and did not report 
the specific FHR abnormalities observed in the control and 
study groups.88 The other three studies included only term deliv
eries, and none of these demonstrated an independent link 
between FHR abnormalities and PAIS.89'91 No published evi
dence supports a causal relationship between FHR abnormalities 
and PAIS at any gestational age. Moreover, no published evi
dence suggests that intrapartum EFM is capable of detecting or 
predicting PAIS or that any form of obstetric intervention is
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capable of preventing PAIS. No level I or II evidence exists that 
links PAIS independently with any measure of uterine activity 
or labor duration.13 This is consistent with the 2007 consensus 
report of the National Institute of Neurologic Disorders and 
Stroke and the NICHD, which concluded that “there are no 
reliable predictors of perinatal ischemic stroke upon which to 
base prevention or treatment strategies.”20

Fetal Head Compression
Early deceleration of the FHR has long been recognized as a 
benign reflex response to transient compression of the fetal head 
during a uterine contraction. The innocuous nature of this phe
nomenon is underscored by the fact that early decelerations are 
included in NICHD category I, indicating normal fetal oxygen
ation.16 However, some have suggested that intrapartum fetal 
head compression can cause hypoxic-ischemic brain injury, even 
in a normally oxygenated fetus.92 This theory suggests that 
uterine contractions compress the fetal head against the maternal 
pelvis with such force that fetal intracranial pressure exceeds 
cerebral perfusion pressure, reducing intracranial blood flow to 
the point of regional cerebral ischemia and focal hypoxic- 
ischemic injury. Descriptive studies have reported that fetal head 
pressures during uterine contractions can be more than twice as 
high as intraamniotic pressures.93 Other studies have demon
strated changes in fetal cerebral perfusion pressure, cerebral 
blood flow, and cerebral oxygen consumption during fetal head 
pressure.94'96 However, no published level I or level II evidence 
has demonstrated that these changes translate to histologic neu
ropathology or clinical neurologic impairment. On the contrary, 
observations in fetal sheep suggest that the reflex Cushing 
response to head compression could be protective against such 
injury.97’98 Level II evidence in the form of case-control studies 
has identified several perinatal risk factors for CP that include 
prematurity, infection, maternal thyroid disease, and congenital 
malformations.99 However, no level I or II evidence has demon
strated a link between any measure of uterine activity and the 
later development of CP. The notion that fetal brain injury can 
be caused by the mechanical forces of labor is further challenged 
by level II evidence from a large cohort study that included more 
than 380,000 spontaneous vaginal deliveries and more than
33,000 cesarean deliveries without labor.100 Neonates exposed to 
uterine contractions of sufficient frequency, intensity, and dura
tion to result in spontaneous vaginal delivery had no higher rates 
of mechanical brain injury in the form of intracranial hemor
rhage than did neonates who were exposed to no uterine con
tractions at all. This theory is not supported by analytic evidence 
in the literature. Consequently, it should not be used as a foun
dation for intrapartum management decisions.

SUMMARY

Evolving standardization and evidence-based consensus 
regarding EFM definitions, interpretation, and manage
ment are gradually supplanting the controversy and confu
sion that characterized EFM for decades. Intrapartum 
FHR decelerations—variable, late, and prolonged—  
reliably identify transient episodes o f interruption of 
fetal oxygenation. Moderate variability or accelerations 
confirm the absence o f ongoing hypoxic neurologic

injury with an extremely high degree o f reliability, and 
the negative predictive value o f EFM is near 100% . A 
test that is virtually always right is the ideal foundation 
for rational decision making. Conversely, i f  EFM is 
relied upon for its positive predictive value to detect 
hypoxic neurologic injury, it will be wrong approxi
mately 499 times out o f 500.85 Reasonable management 
decisions cannot be based on the results of a test that is 
virtually always wrong. The standardized EFM definitions 
proposed by the NICHD and endorsed by ACOG, 
AWHONN, and ACNM should be used consistently. 
Standardized interpretation should eschew unproven theo
ries in favor of evidence-based principles derived from 
appropriately controlled scientific research. Together, stan
dardized definitions and evidence-based principles of inter
pretation help ensure factual accuracy. A standardized, 
simplified approach to EFM management provides a 
framework to help clinicians formulate a thoughtful, sys
tematic plan of action that can be articulated clearly and 
understandably.

KEY POINTS

♦ The goal of intrapartum FHR monitoring is to assess 
the adequacy of fetal oxygenation during labor so that 
timely and appropriate steps can be taken when neces
sary to avoid fetal hypoxic injury.

♦ Fetal oxygenation involves the transfer of oxygen from 
the environment to the fetus. Oxygen is transported by 
maternal and fetal blood along the oxygen pathway, 
which includes the maternal lungs, heart, vasculature, 
uterus, placenta, and umbilical cord.

♦ The consequences of interruption of fetal oxygenation 
can lead sequentially to fetal hypoxemia (low oxygen 
content in the blood), fetal hypoxia (low oxygen content 
in the tissues), metabolic acidosis (accumulation of 
lactic acid in the tissues), metabolic acidemia (accumu
lation of lactic acid in the blood), and eventually injury 
or death.

♦ The FHR monitor provides reliable information regard
ing interruption of the oxygen pathway. The observa
tion of an FHR deceleration that reaches its nadir in 
less than 30 seconds (variable deceleration) suggests 
compression of the umbilical cord. However, the mere 
fact that a deceleration reaches its nadir in less than 30 
seconds does not exclude interruption of the oxygen 
pathway at other points, such as the lungs (hypoxemia), 
heart (poor cardiac output), vasculature (acute hypoten
sion), uterus (uterine rupture, uterine contraction), or 
placenta (placental abruption). A late deceleration, by 
definition, reaches its nadir in 30 seconds or more. 
Historically, late decelerations have been attributed to 
uteroplacental insufficiency, which suggests interrup
tion of the oxygen pathway at the level of the uterus or 
placenta. However, the fact that a deceleration takes 30 
seconds to reach its nadir does not exclude the possibil
ity of interruption of the oxygen pathway at other 
points, such as the maternal lungs (hypoxemia), heart
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(poor cardiac output), or vasculature (hypotension). A 
prolonged deceleration can result from interruption of 
the oxygen pathway at any point. For the purposes of 
practical FHR interpretation, all clinically significant 
FHR decelerations that have any potential impact on 
fetal oxygenation (variable, late, or prolonged decelera
tions) have the same common trigger: interruption of 
the oxygen pathway a t  o n e  o r  m ore po in ts . This unify
ing concept helps reduce conflict and controversy and 
offers the additional benefits of standardization, sim
plicity, factual accuracy, and ease of articulation.

♦ In addition to providing practical information regarding 
interruption of the oxygen pathway, the FHR monitor 
provides useful information regarding the adequacy of 
fetal oxygenation. Moderate FHR variability or accel
erations reliably exclude fetal hypoxic in jury at the time 
they are observed; however, the converse is not true. The 
absence of moderate variability and/or accelerations 
does not indicate the presence of hypoxic injury.

♦ The negative predictive value of electronic FHR moni
toring is excellent. A normal test virtually precludes fetal 
hypoxic in jury at the time it is observed.

♦ The positive predictive value of electronic FHR moni
toring is poor. Abnormal FHR monitoring accurately 
predicts CP approximately one time out of 500, yield
ing a false-positive rate above 99%. Except in extreme 
cases, no FHR pattern or combination of patterns has 
been demonstrated to predict hypoxic neurologic injury 
with a meaningful degree o f accuracy.

♦ Even in the setting of abnormal FHR monitoring, the 
pathway from intrapartum hypoxic-ischemic in jury to 
subsequent CP must progress through neonatal enceph
alopathy. The absence of neonatal encephalopathy is 
inconsistent with hypoxic-ischemic neurologic injury 
near the time of delivery.

♦ No randomized controlled trials, cohort studies, case- 
control studies, or other peer-reviewed studies in the 
literature support the hypothesis that fetal head com
pression caused by uterine contractions or maternal 
pushing efforts can cause local cerebral ischemia and 
hypoxic-ischemic in jury in the absence of the estab
lished mechanism of global hypoxia. Similarly, no pre
dictors of perinatal ischemic stroke are known upon 
which to base prevention strategies, and no known rela
tionship exists between FHR monitoring and local cere
bral hypoxic in jury or stroke that can be used to identify, 
predict, or prevent such injuries.

♦ In the United States, standard FHR terminology has 
been proposed by the NICHD and is endorsed by virtu
ally all major organizations that represent providers of 
obstetric care. Consistent use of standard terminology 
helps to ensure effective communication and optimize 
outcomes.
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Obstetric anesthesia encompasses all techniques used by anes
thesiologists and obstetricians to alleviate the pain associated 
with labor and delivery: this includes general anesthesia, neur
axial anesthesia (spinal or epidural), local anesthesia (local 
infiltration, paracervical block, pudendal block), and parenteral 
analgesia. Pain relief during labor and delivery is an essential 
part o f good obstetric care. Unique clinical considerations 
guide anesthesia provided for obstetric patients; physiologic

changes of pregnancy and increases in certain complications 
must be considered. This chapter reviews the various methods 
that can be used for obstetric analgesia and anesthesia as well as 
their indications and complications.

PERSONNEL
In larger hospitals in the United States, anesthesiologists— 
working either independently or supervising a team of 
residents— along with anesthesiologist assistants and certified 
nurse anesthetists provide anesthesia for 98% of obstetric pro
cedures.1 Nurse anesthetists working independent of anesthesi
ologists rarely provide anesthesia for obstetric cases in larger 
hospitals but provide anesthesia for 34% of obstetric procedures 
in hospitals with fewer than 500 births per year.1 The American 
Society of Anesthesiologists (ASA) partnered with the American 
College of Obstetricians and Gynecologists (ACOG) to issue a 
Joint Statement on the Optimal Goals for Anesthesia Care in 
Obstetrics,2 which recommends that a qualified anesthesiolo
gist assume responsibility for anesthetics in every hospital that 
provides obstetric care. The statement notes: “There are many 
obstetric units where obstetricians or obstetrician-supervised 
nurse anesthetists administer labor anesthetics. The administra
tion o f general or neuraxial anesthesia requires both medical 
judgment and technical skills. Thus a physician with privileges 
in anesthesiology should be readily available.”2 To provide 
optimal care for the parturient, the ASA also states in their 
Practice Guidelines for Obstetric Anesthesia that “A  communi
cation system should be in place to encourage early and 
ongoing contact between obstetric providers, anesthesiolo
gists, and other members o f the multidisciplinary team."1

PAIN PATHWAYS
Pain during the first stage of labor results from a combination 
of uterine contractions and cervical dilation. Painful sensations 
travel from the uterus through visceral afferent (sympathetic)
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Ligamentum flavum

Epidural space
Subarachnoid (subdural) space 

Dura
Spinal cord

Stage one 
T«> T11, T12
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lumbar epidural
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Hypogastric plexus 

Uterine plexus

Stage two
S2, S3, S4 (pudendal n.)

Continuous caudal

'  Pudendal block 
'  Paracervical block

FIG 16-1 Pain pathways of labor and delivery and nerves blocked by various anesthetic techniques.

nerves that enter the spinal cord through the posterior segments 
of thoracic spinal nerves 10, 11, and 12 (Fig. 16-1). During the 
second stage of labor, additional painful stimuli are added as 
the fetal head distends the pelvic floor, vagina, and perineum. 
The sensory fibers of sacral nerves 2, 3, and 4 (i.e., the pudendal 
nerves) transmit painful impulses from the perineum to the 
spinal cord during the second stage and during any perineal

repair (see Fig. 16-1). During cesarean delivery, although 
the incision is usually around the thoracic spinal nerve 12  
(T-12) dermatome, anesthesia is required to the level o f tho
racic spinal nerve 4 (T-4) to completely block peritoneal 
discomfort, especially during uterine exteriorization. Pain 
after cesarean delivery is due to both incisional pain and uterine 
involution.
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• Cortisol
• Aldosterone

FIG 16-2 The stress response. ACTH, adrenocorticotropic hormone; ADH, antidiuretic hormone; FFA, free fatty acid; FSH, follicle-stimulating 
hormone; TSH, thyroid-stimulating hormone.

EFFECTS OF PAIN AND STRESS
The process of labor involves significant pain and stress for 
most women. Using the McGill Pain Questionnaire, which mea
sures intensity and quality of pain, Melzack4 found that 59% of 
nulliparous and 43% of parous women described their labor 
pain in terms more severe than did those suffering from cancer 
pain. The most substantial predictors o f pain intensity were 
ultimately low socioeconomic status and prior menstrual 
difficulties.

The maternal and fetal stress response to the pain of labor 
has been difficult to assess. Most investigators have described 
and quantified stress in terms of the release of the adreno
corticotropic hormone (ACTH) cortisol, catecholamines, and 
(3-endorphins (Fig. 16-2). Furthermore, animal studies indi
cate that both epinephrine and norepinephrine can decrease 
uterine blood flow in the absence o f maternal heart rate 
and blood pressure changes, which contributes to occult fetal 
asphyxia. As demonstrated in baboons and monkeys, maternal 
psychological stress (induced by bright lights or toe clamping) 
can detrimentally affect uterine blood flow and fetal acid-base 
status.5 In pregnant sheep, catecholamines increase and uterine 
blood flow decreases after painful stimuli and after nonpainful 
stimuli such as loud noises induce fear and anxiety, as evidenced 
by struggling (Fig. 16-3).

5 0 -

2 2 5 -  
coo
Eo
-  0 -  Q)
CDc03 JCo
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Time (min)

FIG 16-3 Effects of electrically induced stress (30 to 60 seconds) 
on maternal mean arterial blood pressure, plasma norepinephrine 
levels, and uterine blood flow. (Modified from Shnider SM, Wright 
RG, Levinson G, et al. Uterine blood flow and plasma norepinephrine 
changes during maternal stress in the pregnant ewe. Anesthesiology. 
1979;50:524.)
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FIG 16-4 Effects of epidural analgesia on the response to stress.

TABLE 16-1 ANALGESIC PROCEDURES USED FOR LABOR PAIN RELIEF IN 2001 ACCORDING TO SIZE OF 
____________ DELIVERY SERVICE_____________ __________________________________________________________________

HOSPITAL SIZE NARCOTICS, BARBITURATES, PARACERVICAL SPINAL OR
(BIRTHS/YEAR) NO ANESTHESIA (%) TRANQUILIZERS (%) BLOCK (%) EPIDURAL BLOCK (%)

<500 12 37 3 57
500-1499 10 42 3 59
>1500 6 34 _______________2_________________________77_________

Modified from Bucklin BA, Hawkins JL, Anderson JR , Ullrich FA. Obstetric anesthesia workforce survey. Anesthesiology. 2005;103:645.

Although some of the physiologic stress of labor is unavoid
able, analgesia and anesthesia may reduce stress responses sec
ondary to pain. Postpartum women suffer objective deficits in 
cognitive and memory function when compared with nonpreg
nant women, and intrapartum analgesia does not exacerbate but 
rather lessens the cognitive defect compared with unmedicated 
parturients.6 Epidural analgesia is associated with a decreased 
risk of postpartum depression. In one study, depression occurred 
in 14% of parturients who received epidural labor analgesia and 
in 34.6% of those who did not.' Analgesia also reduces paternal 
anxiety and stress, increases fathers’ feelings of helpfulness, 
and enhances their involvement and satisfaction with the child
birth experience.8 Epidural analgesia prevents increases in both 
cortisol and 11-hydroxycorticosteroid levels during labor, but 
systemically administered opioids do not. Epidural analgesia 
also attenuates elevations of epinephrine and norepinephrine 
and endorphin levels (Fig. 16-4). ’ Assuming any hypotension 
is rapidly treated and that perfusion is preserved by prevent
ing aortocaval compression with uterine displacement, fetal 
acid-base status (as measured by base deficit) o f human 
infants whose mothers receive epidural anesthesia during the 
first stage o f labor is altered less than that o f infants of 
mothers who receive systemic opioid analgesia.

ANALGESIA FOR LABOR
Table 16-1 presents the frequency with which the various forms 
of analgesia are used during labor. The data are from a large 
survey of hospitals in the United States, stratified by the size of 
their delivery service.1

Psychoprophylaxis and Nonpharmacologic 
Analgesia Techniques
Psychoprophylaxis is any nonpharmacologic method that 
minimizes the perception of painful uterine contractions. Relax
ation, concentration on breathing, gentle massage, and partner 
or doula participation contribute to effectiveness. One of the 
method’s most valuable contributions is that it is often taught 
in prepared childbirth classes, where parents tour the labor and 
delivery suite and learn about the normal processes of labor 
and delivery, which in many instances mitigates their fear of the 
unknown.10

Although psychoprophylactic techniques can be empowering, 
the majority of women will still ultimately blend them with 
pharmacologic methods.1 Because the majority of first-time 
mothers choose epidural analgesia, teaching that use of drug- 
induced pain relief represents failure or will harm the child are 
counterproductive and can heighten fear and anxiety during 
labor.

Nonpharmacologic techniques for labor analgesia may be 
used alone or in conjunction with parenteral or neuraxial tech
niques. Table 16-2 shows frequently used techniques and the 
evidence that supports their use. A systematic review of acu
puncture concluded that the evidence for efficacy is promising 
but few data are available.11 From the three randomized con
trolled trials (RCTs) they reviewed, the authors suggest that 
acupuncture alleviates labor pain and reduces use of both epi
dural analgesia and parenteral opioids. Acupuncture may be 
helpful for patients who feel strongly about avoiding epidural 
analgesia in labor, although arranging to have a qualified and 
credentialed acupuncturist available at the time of delivery may
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TABLE 16-2 EVIDENCE FOR THE USE OF
NONPHARMACOLOGIC ANALGESIC 
TECHNIQUES IN LABOR

NONPHARMACOLOGIC
ANALGESIC TECHNIQUES COCHRANE DATABASE
FOR LABOR SYSTEMATIC REVIEWS

Continuous support (e.g., doula) CD003766
Alternative therapies CD003521
Massage, reflexology CD009290
Acupuncture, acupressure CD009232
Immersion in water CD 000111
Transcutaneous electrical nerve CD007214

stimulation
Sterile water injection CD009107

be challenging. An RCT of laboring in water found no advan
tage in labor outcome or in reducing the need for analgesia, but 
the request for epidural analgesia was delayed by about 30 
m inutes.12 The ACOG has expressed concerns about delivering 
in water because of the lack of trials to demonstrate safety and 
the rare but reported unusual complications, such as infection 
or asphyxia.13 They state that “the safety and efficacy of immer
sion in water during the second stage of labor have not been 
established, and immersion in water during the second stage of 
labor has not been associated with maternal or fetal benefit. 
Given these facts and case reports of rare but serious adverse 
effects in the newborn, the practice of immersion in the second 
stage of labor (underwater delivery) should be considered an 
experimental procedure that should only be performed within 
the context of an appropriately designed clinical trial with 
informed consent.”

Intradermal sterile water injections at four sites in the lower 
back were once thought to have a similar gating mechanism as 
acupuncture and are simple to perform, but little evidence exists 
for their efficacy (see Table 16-2). A number of studies have 
examined transcutaneous electrical nerve stimulation (TENS) 
during labor. Patients tend to rate the device as helpful despite 
the fact that it does not decrease pain scores or the use of addi
tional analgesics. As one study noted, TENS units do not appear 
to change the degree of pain but may have somehow made 
the pain less disturbing (see Table 16-2). Although the efficacy 
o f these techniques is largely unproven because o f a lack 
o f RCTs, no serious safety concerns exist with any o f these 
techniques, which is attractive to patients and their caregiv
ers. Women expect to have choices and a degree of control 
during childbirth, and their caregivers should provide analgesic 
options for them to choose from, including nonpharmacologic 
methods.

Systemic Opioid Analgesia
Opioids can be given in intermittent doses by intramuscular 
(IM) or intravenous (IV) routes at the patient’s request, or the 
patient can self-administer with patient-controlled analgesia 
(PCA). All opioids provide sedation and a sense o f euphoria, 
but their analgesic effect in labor is limited, and their primary 
mechanism o f action is sedation.H Opioids can also produce 
nausea and respiratory depression in the mother, the degree 
of which is usually comparable for equipotent analgesic doses. 
Also, all opioids freely cross the placenta to the newborn 
and decrease beat-to-beat variability in the fetal heart rate 
(FHR). They can increase the likelihood o f significant respi
ratory depression in the newborn at birth and can increase

the subsequent need for treatment. A meta-analysis aggregated 
the results of several randomized trials and revealed that opioid 
treatment is associated with an increased risk of Apgar scores 
below 7 at 5 minutes (odds ratio [OR], 2.6; 95% confidence 
interval [C l], 1.2 to 5.6), and increased need for neonatal nal
oxone (OR, 4.17; 95% C l, 1.3 to 14.3), although the overall 
incidence of both was low.1" An important and significant 
disadvantage o f opioid analgesia is the prolonged effect of 
these agents on maternal gastric emptying. W hen parenteral 
or epidural opioids are used, gastric emptying is prolonged, and 
if  general anesthesia becomes necessary, the risk of aspiration is 
increased.16

The opioids in common use today are meperidine, nalbu
phine, fentanyl, and remifentanil. Morphine fell out of favor in 
the 1960s to 1970s because of a single study that reported 
increased respiratory depression in the newborn compared with 
meperidine, but no recent study has compared the relative safety 
of opioids for the newborn in the setting of modern practice.

Patient-Controlled Analgesia
IV patient-controlled analgesia (PCA) is often used for women 
who have a contraindication to neuraxial analgesia (e.g., severe 
thrombocytopenia). The infusion pump is programmed to give 
a predetermined dose of drug upon patient demand. The physi
cian will program the pump to include a lockout interval to lim it 
the total dose administered per hour. Advantages of this method 
include the sense of autonomy, which patients appreciate, and 
elimination of delays in treatment while the patient’s nurse 
obtains and administers the dose. In general, PCA results in a 
decreased total dose of opioid during labor.17 Fentanyl, remifen
tanil,18 and meperidine are the opioids most commonly used 
with this technique.

Meperidine (Demerol)
Meperidine is a synthetic opioid, and 100 mg is roughly equi- 
analgesic to morphine 10 mg but has been reported to have a 
somewhat less depressive effect on respiration. Usually, 25 to 
50 mg are administered intravenously; it may also be used intra
muscularly or in a PCA pump to deliver 15 mg of meperidine 
every 10 minutes as needed until delivery.19 Intravenously, the 
onset of analgesia begins almost immediately and lasts approxi
mately 1.5 to 2 hours. Side effects may include tachycardia, 
nausea and vomiting, and delayed gastric emptying.

Normeperidine is an active metabolite o f meperidine and 
potentiates meperidine’s depressant effects in the newborn. 
Normeperidine concentrations increase slowly; therefore it 
exerts its effect on the newborn during the second hour after 
administration. Multiple doses of meperidine result in greater 
accumulation of both meperidine and normeperidine in fetal 
tissues20; thus administration of large doses of meperidine in the 
first stage of labor, rather than during the second stage, leads to 
high doses accumulated in the fetus. A randomized controlled 
study using intravenous PCA with meperidine for labor analge
sia found that 3.4% of infants required naloxone at delivery (vs. 
0.8% with epidural analgesia).21 Normeperidine accumulation 
in the fetus can result in prolonged neonatal sedation and neu- 
robehavioral changes.22 These neurobehavioral changes are 
evident into day 2 and day 3 of life.

Nalbuphine (Nubain)
Nalbuphine is a synthetic agonist-antagonist opioid, meaning it 
has opioid-blocking properties as well as analgesic properties. Its
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analgesic potency is similar to that of morphine when compared 
on a milligram-per-milligram basis, and usual doses are 5 to 
10 mg intravenously every 3 hours. A reported advantage of 
nalbuphine is its ceiling effect for respiratory depression,23 that 
is, respiratory depression from multiple doses appears to plateau. 
One lim itation of nalbuphine is that its antagonist activity may 
also lim it the analgesia it can produce, and it may interfere with 
spinal and epidural opioids given as part of a neuraxial tech
nique. Nalbuphine causes less maternal nausea and vomiting 
than meperidine, but it tends to produce more maternal seda
tion, dizziness, and dysphoria and increases the risk of opioid 
withdrawal in susceptible patients.

Fentanyl
Fentanyl is a fast-onset, short-acting synthetic opioid with no 
active metabolites. In a randomized comparison with meperi
dine, fentanyl 50 to 100 (Xg every hour provided equivalent 
analgesia with fewer neonatal effects and less maternal sedation 
and nausea. The main drawback of fentanyl is its short duration 
of action, which requires frequent redosing or the use of a 
patient-controlled IV infusion pump. A sample PCA setting for 
fentanyl is a 50 (J.g incremental dose with a 10-minute lockout 
and no basal rate.1'

Remifentanil
Remifentanil is an even faster-onset, shorter-acting synthetic 
opioid with no active metabolites; it is metabolized by plasma 
esterases and is not affected by impaired renal or hepatic func
tion.18 It should be administered as PCA because of its half-life 
of only 3 minutes. The ideal dosing regimen has not been deter
mined, but a sample PCA setting might be 0.5 f-lg/kg boluses 
every 2 to 3 minutes with no basal rate. Sedation and hypoven
tilation with oxygen desaturations are more common than with 
other opioids; therefore respiratory monitoring is required. Pla
cental transfer occurs, but in the neonate it appears to be rapidly 
metabolized or redistributed.

Sedatives
Sedatives such as barbiturates, phenothiazines, and benzodi
azepines do not possess analgesic qualities. All sedatives and 
hypnotics cross the placenta freely, and except for the ben
zodiazepines, they have no known antagonists. Sedation is 
rarely desirable during the childbirth experience.

Promethazine may actually impair the analgesic efficacy of 
opioids. In a randomized double-blind trial, women received 
placebo, metoclopramide, or promethazine as an antiemetic 
with meperidine analgesia.24 Analgesia after placebo or metoclo
pramide was significantly better than that after promethazine 
as measured by pain scores and need for supplemental analge
sics. Metoclopramide 10 mg has also been shown to improve 
PCA analgesia during second-trimester termination of preg
nancy.25 In two randomized double-blind studies, the group that 
received metoclopramide (vs. saline) used 54% and 66% less IV 
morphine.

Two major disadvantages o f benzodiazepines are that they 
cause undesirable maternal amnesia21 and may disrupt ther
moregulation in newborns, which renders them less able to 
maintain an appropriate body temperature.2 Presumably this 
can occur with any of the benzodiazepines. As with many drugs, 
beat-to-beat variability of the FHR can be reduced even with a 
single IV dose, although these changes do not reflect alterations 
in the acid-base status of the newborn. Flumazenil, a specific

BOX 16-1 FACTORS THAT INFLUENCE PLACENTAL 
TRANSFER FROM MOTHER TO FETUS

Drug
• M o le c u la r  w e ig h t
• L ip id  s o lu b il ity
• Io n iz a tio n , pH o f  b lo o d
• S p a tia l c o n fig u ra tio n

Maternal

• U ptake  in to  b lo o d s tre a m
• D is tr ib u tio n  v ia  c irc u la tio n
• U te rin e  b lo o d  f lo w : a m o u n t, d is tr ib u t io n  (m y o m e tr iu m  

vs. p lacenta)

Placental
• C irc u la tio n : in te rm itte n t s p u rtin g  a rte r io le s
• L ip id  m e m b ra n e : F ick 's la w  o f s im p le  d iffu s io n

Fetal
• C irc u la tio n : d u c tu s  v e n o su s , fo ra m e n  ova le , d u c tu s  

a rte r io s u s

benzodiazepine antagonist, can reliably reverse benzodiazepine- 
induced sedation and ventilatory depression.

Inhaled Nitrous Oxide (N20)
Nitrous oxide, an inhaled anesthetic gas commonly used during 
general anesthesia and dental care, has been used in many parts 
of the world for labor analgesia.28 It is administered in a 50 :5 0  
mix with oxygen using a blender device and a mask held by the 
mother. A one-way valve allows her to inhale nitrous oxide 
before and during contractions. Patients report that nitrous 
oxide does not completely relieve pain, but in many women, it 
diminishes the perception of pain. Nitrous oxide is safe for the 
mother and the fetus and does not diminish uterine contractil
ity; the main side effects are nausea and dizziness. It can also be 
used for short painful procedures such as perineal repair or 
manual removal of the placenta.21

Placental Transfer
Essentially, all analgesic and anesthetic agents except highly 
ionized muscle relaxants cross the placenta freely (Box 16-1).30 
The limited transfer of muscle relaxants such as succinylcholine 
enables anesthesiologists to use general anesthesia for cesarean 
delivery without causing fetal paralysis.

Because the placenta has the properties o f a lipid mem
brane, most drugs and all anesthetic agents cross by simple 
diffusion. Thus the amount of drug that crosses the placenta 
increases as concentrations in the maternal circulation and 
total area of the placenta increase. Diffusion is also affected 
by the properties o f the drug itself, including molecular 
weight, spatial configuration, degree o f ionization, lipid 
solubility, and protein binding. For example, bupivacaine is 
highly protein bound, a characteristic that some believe explains 
why fetal blood concentrations are so much lower than with 
other local anesthetics. On the other hand, bupivacaine is also 
highly lipid soluble. The more lipid soluble a drug is, the more 
freely it passes through a lipid membrane. Furthermore, once in 
the fetal system, lipid solubility enables the drug to be taken up 
by fetal tissues rapidly (i.e., redistribution), which again contrib
utes to the lower blood concentration of the agent.
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The degree o f ionization o f a drug is also important. Most 
drugs exist in both an ionized and nonionized state, and the 
nonionized form more freely crosses lipid membranes. The 
degree of ionization is influenced by the pH; this may become 
relevant when there is a significant pH gradient between the 
mother (normal pH of 7.40) and an acidotic infant (pH <7.2). 
For example, local anesthetics are more ionized at a lower pH, 
so the nonionized portion of the drug in the maternal circulation 
(normal pH) crosses to the acidotic fetus, becomes ionized, and 
thus remains in the fetus, potentially leading to higher local 
anesthetic concentrations in the fetus/newborn. Whether this 
has relevant adverse clinical effects on the fetus is unknown.

Neuraxial Analgesic and 
Anesthetic Techniques
Neuraxial analgesic and anesthetic techniques—spinal, epi
dural, or a combination— use local anesthetics to provide 
sensory blockade, as well as various degrees o f motor block
ade, over a specific region o f the body. In obstetrics, neuraxial 
and other regional analgesic techniques include major blocks, 
such as lumbar epidural and spinal, and minor blocks, such as 
paracervical, pudendal, and local infiltration (see Fig. 16-1).

Lumbar Epidural Analgesia/Anesthesia
Epidural blockade is a neuraxial anesthetic used to provide 
analgesia during labor or surgical anesthesia for vaginal or 
cesarean delivery.31 Epidural analgesia offers the most effec
tive form o f pain r e l i e f a n d  is used by the majority of 
women in the United States.1 In most obstetric patients, the 
primary indication for epidural analgesia is the patient’s desire 
for pain relief. Medical indications for epidural analgesia during 
labor may include anticipated difficult intubation due to morbid 
obesity or other causes, a history of malignant hyperthermia, 
selected forms of cardiovascular and respiratory disease, and 
prevention or treatment of autonomic hyperreflexia in parturi
ents with a high spinal cord lesion. The technique uses a large- 
bore needle (16, 17, or 18 gauge) to locate the epidural space. 
Next, a catheter is inserted through the needle, and the needle 
is removed over the catheter. After aspirating the catheter, a test 
dose of local anesthetic with a “marker” such as epinephrine may 
be given first to be certain the catheter has not been unintention
ally placed in the subarachnoid (spinal) space or in a blood 
vessel. Intravascular placement will lead to maternal tachycardia 
because of the epinephrine, and rapid onset of sensory and 
motor block will occur if  the local anesthetic is injected into the 
spinal fluid. Once intravascular and intrathecal placement have 
been ruled out, local anesthetic is injected through the catheter, 
which remains taped in place to the mother’s back to enable 
subsequent injections throughout labor (Fig. 16-5; see also Fig. 
16-1). Thus it is often called continuous epidural analgesia. Anes
thesiologists also use a technique described as segmental epidural 
analgesia (Fig. 16-6), in which low concentrations of local anes
thetic3 (<0.25% bupivacaine) are injected at L2 to L5 and affect 
the small, easily blocked sympathetic nerves that mediate early 
labor pain but spare the sensation of pressure and motor func
tion of the perineum and lower extremities. The patient should 
be able to move about in bed and perceive the impact of the 
presenting part on the perineum.

A dilute local anesthetic combined with an opioid such as 
fentanyl is administered for maintenance of epidural analgesia. 
Although the administration may be by continuous infusion at 
a rate of 5 to 15 mL/hr, patient-controlled epidural analgesia

(PCEA) allows for patient-controlled epidural boluses combined 
with a continuous infusion. More recently, programmed epidu
ral boluses have been combined with patient-controlled boluses 
as supplements.33 Patients vary in their responses to local anes
thetics, and infusions may need to be adjusted to a lower rate 
or concentration if  the patient develops excessive motor block. 
If perineal anesthesia is needed for delivery, a larger volume of 
local anesthetic can be administered at that time through the 
catheter (see Fig. 16-6). Alternatively, for perineal anesthesia, the 
obstetrician can perform a pudendal block or provide local infil
tration of the perineum.

A variant of the epidural technique involves passing a small- 
gauge pencil-point spinal needle through the epidural needle 
before catheter placement. This combined spinal-epidural (CSE) 
technique provides more rapid onset of analgesia using a very 
small dose of opioid or a local anesthetic and opioid combina
tion. An RCT in a private practice setting compared CSE and 
traditional epidural analgesia in 800 term parturients.34 They 
found that patients who received CSE had better pain scores 
during the first stage of labor and required fewer top-ups by the 
anesthesiologist, an important consideration when anesthesia 
manpower is limited. Some practitioners have used this tech
nique to allow parturients to ambulate during labor (the “walking 
epidural”) because there is little or no interference with motor 
function. Because the dose of drug used in the subarachnoid 
space is much smaller than that used for epidural analgesia, the 
risks of local anesthetic toxicity or high spinal block are avoided. 
Side effects of spinal opioids are usually mild and easily treated 
and include pruritus and nausea.

Nonreassuring fetal heart rate changes may occur more often 
in patients who receive combined spinal-epidural analgesia than 
in those who receive epidural analgesia alone.35 Although the 
incidence of hypotension is similar between the two techniques, 
the etiology of fetal bradycardia after spinal analgesia may relate 
more to uterine hypertonus than to hypotension. Maternal 
endogenous catecholamines, specifically the |3-agonist epineph
rine, decrease rapidly with the onset of spinal analgesia. Loss of 
(3-agonist activity may result in uterine hypertonus, especially in 
the presence of exogenous oxytocin infusions. Fortunately, these 
nonreassuring FHR changes do not seem to affect labor outcome. 
In a review of 2380 deliveries in a community hospital, no 
increase was found in emergency cesarean delivery in the 1240 
patients who received neuraxial analgesia for labor (98% of 
which were CSE) compared with the 1140 patients who received 
systemic or no medication.36 A systematic review of randomized 
comparisons of intrathecal opioid analgesia versus epidural or 
parenteral opioids in labor found that the use of intrathecal 
opioids significantly increased the risk of fetal bradycardia (OR, 
1.8; 95% C l, 1.0 to 3 .1).37 However, the risk of cesarean delivery 
for FHR abnormalities was similar in the two groups (6.0% vs. 
7.8%). FHR should be monitored during and after the admin
istration of either epidural or intrathecal medications to allow 
for timely intrauterine resuscitation.3

Complications of Neuraxial Blocks
The Serious Complication Repository Project o f the Society of 
Obstetric Anesthesia and Perinatology (SOAP) reported that 
high neuraxial block, respiratory arrest in labor and delivery, and 
unrecognized spinal catheters were the most frequently reported 
serious complications in more than 257,000 anesthesia proce
dures over a 5-year study period (Table 16-3).38 Other side 
effects of epidural or CSE analgesia include hypotension, local
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FIG 16-5 Technique of lumbar epidural puncture by the midline approach. A, This side view shows the left hand held against the patient's back 
with the thumb and index finger grasping the hub. Attempts to inject solution while the point of the needle is in the interspinous ligament meet 
resistance. B, The point of the needle is in the ligamentum flavum, which offers marked resistance and makes it almost impossible to inject 
solution. C, Entrance of the needle’s point into the epidural space is discerned by sudden lack of resistance to injection of saline. Force of 
injected solution pushes dura-arachnoid away from the point of the needle. D, Catheter is introduced through needle. Note that the hub of the 
needle is pulled caudad toward the patient, increasing the angle between the shaft of the needle and the epidural space. Also note the technique 
of holding the tubing, which is wound around the right hand. E, Needle is withdrawn over the tubing and is held steady with the right hand. 
F, Catheter is immobilized with adhesive tape. Note the large loop made by the catheter to decrease risk of kinking at the point where the tube 
exits from the skin. (From Bonica JJ. Obstetric Analgesia and Anesthesia. Amsterdam: World Federation of Societies of Anesthesiologists; 
1980.)

anesthetic toxicity, allergic reaction, neurologic injury, and post- 
dural puncture headache. In addition, epidural analgesia use 
may increase the rate of intrapartum fever and can lengthen the 
second stage of labor. The effect of epidural analgesia on labor 
progression is discussed in detail below.

Because epidural anesthesia is associated with side effects and 
complications, some of which are dangerous, those who admin
ister it must be thoroughly familiar not only with the technical

aspects of its administration but also with the signs and symp
toms of complications and their treatment. Specifically, the ASA 
and ACOG have stated: “Persons administering or supervising 
obstetric anesthesia should be qualified to manage the infrequent 
but occasionally life-threatening complications of major regional 
anesthesia such as respiratory and cardiovascular failure, toxic 
local anesthetic convulsions, or vomiting and aspiration. Master
ing and retaining the skills and knowledge necessary to manage
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Early
second stage

Delivery

FIG 16-6 Segmental epidural analgesia for labor and delivery. A single catheter is introduced into the epidural space and is advanced so that its 
tip is at L2. Initially, small volumes of low concentrations of local anesthetic are used to produce segmental analgesia. For the second stage, 
the analgesia is extended to the sacral segments by injecting a larger amount of the same concentration of local anesthetic with the patient in 
the semirecumbent position. After internal rotation, a higher concentration of local anesthetic is injected to produce motor block of the sacral 
segments and thus achieve perineal relaxation and anesthesia. The wedge under the right buttocks causes the uterus to displace to the left. 
(From Bonica JJ. Obstetric Analgesia and Anesthesia. Amsterdam: World Federation of Societies of Anesthesiologists; 1980.)

TABLE 16-3 INCIDENCE OF SERIOUS COMPLICATIONS RELATED TO NEURAXIAL (SPINAL OR 
EPIDURAL) ANESTHESIA

COMPLICATION COMPLICATIONS (N) INCIDENCE 95% Cl

Postdural puncture headache 1647 1:144 1 137, 1:151
High neuraxial block 58 1:4336 1 3356, 1 :5587
Respiratory arrest in labor suite 25 1:10,042 1 6172, 1:16,131
Unrecognized spinal catheter 14 1:15,435 1 9176, 1:25,634
Serious neurologic injury 27 1:35,923 1 17,805, 1:91,244
Epidural abscess/meningitis 4 1:62 ,866 1 25,074, 1:235,620
Epidural hematoma 1 1:251,463 1 46,090, 1:10,142,861

Data from D’Angelo R, Smiley RM, Riley E, Segal S. Serious complications related to obstetric anesthesia. The serious complication repository project of the Society for Obstetric 
Anesthesia and Perinatology. Anesthesiology. 2014; 120:1505- 
Cl, confidence interval; N, number of complications.

these complications requires adequate training and frequent 
application.”2 The ASA practice guidelines also state that “When 
a neuraxial technique is chosen, appropriate resources for the 
treatment of complications (e.g., hypotension, systemic toxicity, 
high spinal anesthesia) should be available.”3

HYPOTENSION
Hypotension is defined variably but most often as a systolic blood 
pressure less than 100 mm Hg or a 20% decrease from baseline. 
It occurs after approximately 10% of spinal or epidural blocks 
given during labor.39 Hypotension occurs primarily as a result 
of the effects of local anesthetic agents on sympathetic fibers, 
which normally maintain blood vessel tone. Vasodilation results 
in decreased venous return of blood to the right side of the heart, 
with subsequent decreased cardiac output and hypotension. A 
secondary mechanism may be decreased maternal endogenous 
catecholamines following pain relief. Hypotension threatens the 
fetus by decreasing uterine blood flow. However, when recog
nized promptly and treated effectively, few if  any untoward 
effects result in either mother or fetus. Special care should be 
taken to avoid or promptly treat hypotension, especially when 
acute or chronic fetal compromise is suspected.

Treatment o f hypotension begins with prophylaxis, which 
includes IV access for volume expansion and administration 
o f pressors and left uterine displacement to prevent aorto- 
caval compression by the gravid uterus and to maintain 
cardiac preload and cardiac output. Isotonic crystalloid boluses 
should not contain dextrose because of the association with 
subsequent neonatal hypoglycemia. Proper treatment of hypo
tension depends on immediate diagnosis; therefore the indi
vidual administering the anesthesia must be present and attentive. 
Once diagnosed, hypotension is corrected by increasing the 
rate o f IV fluid infusion and exaggerating left uterine dis
placement. If these simple measures do not suffice, a vaso
pressor is indicated.

The vasopressor of choice has evolved from ephedrine given 
in 5- to 10-mg doses to phenylephrine in 50- to 100-jJ.g incre
ments. Ephedrine is a mixed a- and (3-agonist and was thought 
to be less likely to compromise uteroplacental perfusion than 
the pure a-agonists, but ephedrine has been associated with fetal 
tachycardia. Recent clinical studies have suggested that phen
ylephrine may be given to safely treat hypotension during 
neuraxial anesthesia for cesarean delivery and that it leads to 
higher umbilical artery pH values in the fetus and results in
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less maternal nausea and vomiting. When compared with 
phenylephrine for treatment of hypotension following neuraxial 
analgesia in multiple randomized trials, ephedrine was associated 
with higher degrees of fetal acidosis.40 The P-agonist action of 
ephedrine may increase fetal oxygen requirements and can lead 
to hypoxia in cases of uteroplacental insufficiency. Phenyleph
rine corrects maternal hypotension, apparently without causing 
clinically significant uterine artery vasoconstriction or decreased 
placental perfusion even in extremely high doses. Rather than 
causing abnormal increases in systemic vascular resistance, these 
doses may simply return vascular tone to normal after spinal 
anesthesia. It is also possible that constricting peripheral arteries 
may preferentially shunt blood to the uterine arteries. The 
parturient has decreased sensitivity to all vasopressors, and that 
may also protect the fetus from excessive vasoconstriction. The 
OC-adrenergic agents, such as methoxamine and phenylephrine, 
cause reflex bradycardia that may be useful when a parturient is 
excessively tachycardic in association with hypotension, or if  
tachycardia associated with ephedrine would be detrimental. 
Ephedrine may be preferable if  the patient’s heart rate is below 
70 at baseline.

LOCAL ANESTHETIC TOXICITY
The incidence of systemic local anesthetic toxicity (high blood 
concentrations of local anesthetic) after obstetric lumbar epidu
ral analgesia is less than 1 in 250,000.38 Cases of local anesthetic 
toxicity were absent from the most recent review of the ASA 
Closed Claims Project database.41 Toxicity occurs when the local 
anesthetic is injected into a blood vessel, rather than into the 
epidural space, or when too much is administered even though 
injected properly. These reactions can also occur during 
placement o f pudendal or paracervical blocks. All local anes
thetics have maximal recommended doses, and these should 
not be exceeded. For example, the maximum recommended 
dose of lidocaine is 4 mg/kg when used without epinephrine 
and 7 mg/kg when used with epinephrine. Epinephrine delays 
and decreases the uptake of local anesthetic into the blood
stream. Package inserts for all local anesthetics contain appropri
ate dosing information (Table 16-4).

Local anesthetic reactions have two components, central 
nervous system (CNS) and cardiovascular. Usually, the CNS 
component precedes the cardiovascular component. Prodromal 
symptoms of the CNS reaction include excitation, bizarre 
behavior, ringing in the ears, and disorientation. These symp
toms may culminate in convulsions, which are usually brief. 
After the convulsions, cognitive depression follows, manifested 
by the postictal state. The cardiovascular component of the 
local anesthetic reaction usually begins with hypertension and 
tachycardia but is soon followed by hypotension, arrhythmias, 
and in some instances, cardiac arrest. Thus the cardiovascular

component also has excitant and depressant characteristics. 
Often the CNS component occurs without the more serious 
cardiovascular component, although bupivacaine may represent 
an exception to this principle. Resuscitation o f patients who 
receive an intravascular injection o f bupivacaine is extremely 
challenging, likely owing to the prolonged blocking effect on 
sodium channels. Laboratory evidence supports bupivacaine’s 
increased cardiotoxicity over equianalgesic doses of other amide 
local anesthetics such as ropivacaine and lidocaine.42 The manu
facturers of bupivacaine have recommended that the 0.75% 
concentration not be used in obstetric patients or for paracervi
cal block. However, use of a more dilute concentration does not 
guarantee safety; bupivacaine and all local anesthetics should 
be administered by slow, incremental injection.

Adverse events due to local anesthetic toxicity have decreased 
because of greater emphasis on incremental dosing and use of a 
test dose, typically one containing 15 |J.g of epinephrine, to 
exclude unintentional IV or subarachnoid catheter placement. 
Others have questioned the lack of specificity of test doses 
during labor and the potential harm to the fetus or hypertensive 
mother.43 Intravascular injection of 15 |!g epinephrine produces 
maternal tachycardia, which may be difficult to differentiate 
from that seen during a contraction. Nonreassuring fetal heart 
tones due to decreased uterine blood flow may also occur after 
administration of intravascular epinephrine, especially when the 
fetus is already compromised.

Treatment of a local anesthetic reaction depends on recogniz
ing the signs and symptoms. Prodromal symptoms should 
trigger the immediate cessation of the injection of local anes
thetic. If convulsions have already occurred, treatment is aimed 
at maintaining proper oxygenation and preventing the patient 
from harming herself. Convulsions use considerable amounts of 
oxygen, which results in hypoxia and acidosis. Should the con
vulsions continue for more than a brief period, small IV doses 
of propofol (30 to 50 mg) or a benzodiazepine (2 to 5 mg mid
azolam) are useful. The cardiac and respiratory depressant effects 
of these agents add to the depressant phase of the local anesthetic 
reaction; therefore appropriate equipment and personnel must 
be available to maintain oxygenation and a patent airway and 
to provide cardiovascular support. Rarely, succinylcholine is 
needed for paralysis to prevent the muscular activity and to 
facilitate ventilation and perhaps intubation. In cases of com
plete cardiac collapse, delivery of the infant may facilitate mater
nal resuscitation. IV lipid emulsion may be an effective therapy 
for cardiotoxic effects o f lipid-soluble local anesthetics such 
as bupivacaine or ropivacaine.44 Intralipid should be avail
able wherever regional anesthesia is provided.

The SOAP developed a consensus statement on the manage
ment of cardiac arrest in pregnancy that aims to improve mater
nal resuscitation by providing health care providers critical

TABLE 16-4 MAXIMAL RECOMMENDED DOSES OF COMMON LOCAL ANESTHETICS

WITH EPINEPHRINE* WITHOUT EPINEPHRINE

LOCAL ANESTHETIC mg/kg DOSE (mg/70 kg) m g/kg DOSE (mg/70 kg)

Bupivacaine 3.0 210 2.5 175
Chloroprocaine 14.0 980 11.0 770
Etidocaine 5.5 385 4.0 300
Lidocaine 7.0 490 4.0 300
Mepivacaine - - 5.0 350
Tetracaine - - 1.5 105

*A11 epinephrine concentrations are 1 :200,000.
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354 Section III Intrapartum Care

information relevant to maternal cardiac arrest.4̂  The document 
includes key cognitive and technical interventions to be under
taken that include immediate basic life support (BLS) and calls 
for help, chest compressions monitored by capnography if  pos
sible, manual left uterine displacement while supine on a back
board, defibrillation, airway management and ventilation, IV 
access to administer drugs per current advanced cardiovascular 
life support (ACLS) guidelines, and perimortem cesarean or 
operative vaginal delivery. Delivery should be performed as soon 
as possible, striving to make the skin incision for cesarean deliv
ery at 4 minutes after the start of cardiac arrest.

ALLERGY TO LOCAL ANESTHETICS
The two classes of local anesthetics are amides and esters. A true 
allergic reaction to an amide-type local anesthetic (e.g., lido- 
caine, bupivacaine, ropivacaine) is extremely rare. Allergic 
reactions to the esters (2-chloroprocaine, procaine, tetra
caine) are also uncommon but can occur and are often associ
ated with a reaction to para-aminobenzoic acid (PABA) in skin 
creams or suntan lotions. When a patient reports that she is 
“allergic” to local anesthetics, she is frequently referring to a 
normal reaction to the epinephrine that is occasionally added to 
local anesthetics, particularly by dentists. Epinephrine can cause 
increased heart rate, pounding in the ears, and nausea— 
symptoms that may be interpreted as an allergic reaction. There
fore it is important to document the situation in which the 
reaction occurred.

HIGH SPINAL OR "TOTAL SPINAL" ANESTHESIA
This complication occurs when the level o f anesthesia rises 
dangerously high and results in paralysis o f the respiratory 
muscles, including the diaphragm (C3-C5). The incidence of 
total spinal anesthesia after neuraxial blocks is 1 in 4336 (see 
Table 16-3).38 This is the most frequent complication encoun
tered secondary to spinal or epidural anesthesia. Total spinal 
anesthesia can result from a miscalculated dose of drug or unin
tentional subarachnoid injection during an epidural block. The 
ASA Closed Claims Project analysis of obstetric anesthesia liabil
ity claims found that the most common cause of maternal death 
or brain damage in neuraxial anesthesia claims was high block; 
80% were associated with dosing epidural anesthesia and 20% 
involved spinal anesthesia.41 The accessory muscles of respiration 
are paralyzed earlier, and their paralysis may result in apprehen
sion and anxiety and a feeling of dyspnea. The patient usually 
can breathe adequately as long as the diaphragm is not paralyzed, 
but treatment must be individualized. Dyspnea, real or imag
ined, should always be considered an effect of paralysis until 
proved otherwise. Cardiovascular effects, including hypotension 
and even cardiovascular collapse, may accompany total spinal 
anesthesia.

Treatment of total spinal anesthesia includes rapidly assessing 
the true level of anesthesia; therefore individuals who administer 
major regional anesthesia should be thoroughly familiar with 
dermatome charts (Fig. 16-7) and should also be able to recog
nize what a certain sensory level of anesthesia means with regard 
to innervation of other organs or systems. For example, a T4 
sensory level may represent total sympathetic nervous system 
blockade. Numbness and weakness o f the fingers and hands 
indicates that the anesthesia has reached the cervical level 
(C6-C8), which is dangerously close to the innervation o f the 
diaphragm. If the diaphragm is not paralyzed, the patient is 
breathing adequately, and cardiovascular stability is maintained,

administration of oxygen and reassurance may suffice. If the 
patient remains anxious or if  the level of anesthesia seems 
to involve the diaphragm, assisted ventilation is indicated, and 
endotracheal intubation will be necessary to protect the airway. 
In addition, cardiovascular support is provided as necessary. 
Delay in treatment due to inadequate monitoring, absence of 
the anesthesia provider, lack of airway equipment or emergency 
drugs in the labor room, or delay in resuscitation during transfer 
of the patient to the operating room for delivery will worsen 
outcome.46 W ith prompt and adequate treatment, serious 
sequelae should be extremely rare.

NERVE INJURY
Paralysis after either epidural or spinal anesthesia is extremely 
rare; even minor injuries such as foot-drop and segmental loss 
of sensation are uncommon. However, the ASA Closed Claim 
Project analysis o f liability claims notes that the incidence of 
claims for nerve injury has increased in their most recent 
review and is now the most common cause o f liability in 
obstetric anesthesia/1 Serious neurologic injury occurs with an 
incidence of 1 in 35,923 (see Table 16-3).38 Most postpartum 
neurologic complications are caused by nerve compression 
during delivery, and both anesthesiologists and obstetricians 
should be able to recognize common manifestations of these 
neuropathies.47 W ith commercially prepared drugs, ampules, 
and disposable needles, infection and caustic injury rarely occur. 
When nerve damage follows neuraxial analgesia during 
obstetric or surgical procedures, the anesthetic technique 
must be suspected, although causation is rare. Other poten
tial etiologies include incorrectly positioned stirrups, diffi
cult forceps applications, or abnormal fetal presentations. 
During abdominal procedures, overzealous or prolonged appli
cation of pressure with retractors on sensitive nerve tissues may 
also result in injury. Fortunately, most neurologic deficits after 
labor and delivery are minor and transient; however, if  they are 
prolonged or worsen, consultation with a neurologist or neuro
surgeon should be considered.

A systematic review o f serious adverse events among 1.37 
million women who received epidural analgesia during labor 
found the risks o f epidural hematoma and epidural abscess 
were 1 case per 168,000 women and 1 per 145,000 respec
tively.48 The risk of persistent neurologic in jury was one case 
per 240,000 women, and the risk of transient neurologic injury 
was one per 6700. In contrast, the SOAP Serious Complication 
Registry found the incidence of anesthesia-related epidural 
hematoma was 1 in 251,463 and the incidence of epidural 
abscess or meningitis was 1 in 62,866 (see Table 16-3).38 One 
of the more dramatic and correctable forms of nerve damage 
follows compression of the spinal cord by a hematoma that has 
formed during the administration of spinal or epidural anesthe
sia, presumably from accidental puncture of an epidural vessel. 
If the condition is diagnosed early, usually with the aid of a 
neurologist or neurosurgeon, the hematoma can be removed by 
laminectomy and the problem will resolve without permanent 
damage. Fortunately, this is a rare complication. Nonetheless, 
spinal and epidural blocks are contraindicated if the patient 
has a coagulopathy or is pharmacologically anticoagulated. 
Hemolysis, elevated liver enzymes, and low platelets (HELLP) 
syndrome may be a particularly strong risk factor because of 
multifactorial sources for coagulation defects.49 Any significant 
motor or sensory deficit after neuraxial anesthesia should be 
investigated immediately and thoroughly (see Fig. 16-7).
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FIG 16-7 Dermatome chart. (Modified from Haymaker L, Woodhall

Although the incidence of neuraxial infection such as spinal 
meningitis or epidural abscess is rare, when it occurs it is an 
important cause of significant maternal morbidity and mortality.
In 2009, the Centers for Disease Control and Prevention (CDC) 
reviewed five cases of bacterial meningitis linked to intrapartum 
spinal anesthesia in which one woman died.50 A common de
nominator in these cases was that either the anesthesiologist who 
performed the block or visitors in the room were not wearing 
masks. Both the American Society o f Regional Anesthesia 
(ASRA) and the ASA have published guidelines on preven
tion o f infection during neuraxial anesthesia that include 
recommendations to remove jewelry, wash hands, wear a 
fresh face mask, and disinfect the patients back using 2%  
chlorhexadine in alcohol. 12

SPINAL HEADACHE
Spinal headache rarely follows uncomplicated spinal anes
thesia but usually occurs when, during the process o f admin
istering an epidural block, the dura is punctured with a 
large-bore needle (“wet tap”). The incidence of this complica
tion varies between 1% and 3%, and its occurrence depends on 
the experience of the person performing the epidural block.1’ 
The risk of postdural puncture headache following CSE is

B. Peripheral Nerve Injuries. Philadelphia: WB Saunders; 1945.)

no different than that with epidural analgesia alone, approxi
mately 1.5%.

Once a wet tap occurs, a spinal headache results in as many 
as 70% of patients. The incidence is much less following spinal 
anesthesia, because smaller atraumatic (pencil-point) needles are 
used. Characteristically, a spinal headache is more severe in 
the upright position and is relieved by the supine position. 
A differential diagnosis should include migraine, pneumo- 
cephalus from the loss o f resistance to air technique, infec
tion, cortical vein thrombosis, preeclampsia, and intracerebral 
or subarachnoid hemorrhage."1 All epidurals are placed using 
a loss of resistance technique. The loss of resistance can be dis
cerned with either air or saline in the syringe (see Fig. 16-8, A). 
A spinal headache is thought to be caused by loss of cerebrospi
nal fluid, which causes the brain to settle and thus causes the 
meninges and vessels to stretch. Hydration, bed rest, abdominal 
binders, and the prone position have all been advocated as pro
phylactic measures after known dural puncture. However, most 
anesthesiologists now agree that these actions are of little value.55

When a patient develops a postdural puncture headache 
(PDPH), she should be counseled about the cause and potential 
treatment options, which range from conservative to aggressive. 
Close follow-up, reassurance, and treatment if  required is
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important, because although not dangerous, headache is a 
common cause of a lawsuit in obstetric anesthesia.41 If the head
ache is mild and interferes m inimally with activity, treatment 
may be initiated with oral analgesics and caffeine, which is a 
cerebral vasoconstrictor that may provide symptomatic relief.55 
If simple measures prove ineffective, an epidural blood patch 
should be considered. Approximately 20 mL of the patient’s 
own blood is placed aseptically into the epidural space to provide 
a tamponade effect that may result in immediate relief. It may 
also coagulate over the dural hole and prevent further cerebro
spinal fluid leakage. Patients can be released within an hour and 
should be instructed to avoid coughing or straining for the first 
day after insertion of the blood patch. The epidural blood 
patch has been found to be remarkably effective and nearly 
complication free, despite the fact that it is an iatrogenic 
epidural hematoma. Prophylactic epidural blood patches 
inserted through the epidural catheter immediately after delivery 
are not effective in preventing headaches. A preventive measure 
that may be effective is passing the epidural catheter through the 
dural hole at the time of the wet tap to provide continuous 
spinal anesthesia, with removal of the catheter 24 hours after 
delivery.56

BACK PAIN
Back pain is a common peripartum complaint and is a common 
concern for women considering neuraxial anesthesia for their 
delivery. An antepartum survey of pregnant patients before their 
delivery and before any use of neuraxial anesthesia found that 
69% of patients reported back pain, 58% reported sleep distur
bances due to back pain, 57% said the pain impaired activities 
of daily living, and 30% had stopped at least one daily activity 
because of pain.’ Only 32% informed their obstetric providers 
they had back pain, and only 25% of those providers recom
mended treatment. Despite concerns that using neuraxial 
anesthesia contributes to back pain, postpartum surveys 
indicate that the incidence o f back pain after childbirth is 
the same whether women had neuraxial analgesia for their 
delivery or not, approximately 40%  to 50% at 2 and 6 
months postpartum.ss 59 Despite these reassuring findings, 
liability for back pain claims is increasing for obstetric 
anesthesiologists.41

BREASTFEEDING ISSUES
Breastfeeding has been recognized as an important public health 
initiative because of the short- and long-term advantages for 
mothers and newborns. The Joint Commission has introduced 
obstetric quality indicators (e.g., breastfeeding) that set expecta
tions for minimum performance on accountability measures 
for delivery of perinatal care.60 Some patients and providers 
are concerned that neuraxial analgesia may hinder the newborn’s 
ability to breastfeed effectively.61 Observational studies that show 
an association between difficult breastfeeding and anesthetic use 
during labor do not account for obstetric events such as pro
longed labor or operative delivery, factors that can cause diffi
culty with early breastfeeding. Factors that contribute to 
successful breastfeeding include lactation consultation ser
vices, maternal motivation, and support from obstetricians 
and pediatricians.6’

No randomized trials have compared breastfeeding outcomes 
in patients who received epidural analgesia to those who received 
no medication.62 Large doses of epidural fentanyl (>150 (ig) 
given during the course of labor may interfere with early breast
feeding success; thus high concentrations and boluses should

be avoided.63 Not surprisingly, women treated with epidural 
analgesia for postoperative pain control after cesarean delivery 
are more successful at breastfeeding than those treated with 
systemic opioids.64 Infants of women treated with intravenous 
PCA after cesarean delivery were less alert and had more neona
tal neurobehavioral depression after meperidine than after mor
phine, probably because of meperidine’s active metabolites; 
presumably, IV opioids administered during labor would have 
the same effect.

Effects on Labor and Method of Delivery
In the past, significant controversy surrounded how to appro
priately counsel patients regarding the effect of neuraxial anal
gesia on their labor course and risk of cesarean delivery. The 
most recent opinion on this subject from the ACOG states 
that “Neuraxial techniques are the most effective and least 
depressant treatments for labor pain. [We] previously recom
mended that practitioners delay initiating epidural analgesia 
in nulliparous women until the cervical dilatation reached 
4-5 cm. However, more recent studies have shown that epi
dural analgesia does not increase the risks o f cesarean deliv
ery. The fear o f unnecessary cesarean delivery should not 
influence the method o f pain relief that women can choose 
during labor.”65

The impact of neuraxial analgesia on cesarean delivery rates 
has been one of the most important labor and delivery outcomes 
studied over the last several decades. Multiple studies have evalu
ated this outcome in an attempt to identify factors associated 
with cesarean delivery. Although older observational studies 
suggested an increased risk o f cesarean delivery associated 
with neuraxial analgesia, evidence from recent RCTs now 
supports the use o f neuraxial analgesia without a significant 
increase in cesarean delivery rates. A Cochrane Review66 
assessed the effects of all modalities o f neuraxial analgesia, 
including CSE, on obstetric outcome when compared with non
epidural or no pain relief during labor. Twenty-one RCTs that 
involved 6664 women were included, and all the studies except 
one compared epidural analgesia with opiates. The authors con
cluded that epidural analgesia was effective in reducing pain 
during labor without evidence of a significant difference in the 
risk of cesarean delivery (relative risk [RR], 1.07; 95% C l, 0.93 
to 1.23; 20 trials, 6534 women).66

Other studies67'69 of early labor versus late initiation of neur
axial analgesia further support the ACOG committee opinion 
that states no increase in cesarean delivery rate results when 
epidural analgesia is initiated early in labor (<4 cm dilated). A 
Cochrane Review on early versus late initiation of epidural anal
gesia for labor concluded that quality evidence suggests early and 
late initiation of epidural analgesia for labor have similar effects 
on all measured outcomes.70

STUDY DESIGN
M ultiple prospective randomized studies of epidural analgesia 
have been performed both in nulliparous populations and in 
mixed populations. However, the poor quality of analgesia pro
vided by systemic opioids typically leads to high rates of cross
over of control patients into the epidural analgesia arm. Neither 
intent-to-treat analysis nor actual-use analysis are entirely satis
factory in this situation. Studies with the lowest crossover rates 
have accomplished their goal through the use of substantial 
doses of parenteral opioids, which has resulted in higher than 
expected rates of neonatal resuscitation in the opioid groups.19 21 
Nonrandomized studies provide interesting observational data;
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however, careful analysis of potential confounders is critical 
because patients who self-select epidural analgesia are clearly 
different from patients who avoid it. O f concern, randomized 
studies are often conducted in academic centers where operative 
delivery rates in low-risk patients may be significantly different 
than in community hospitals. Finally, neuraxial analgesia tech
niques vary, and modifications in technique occur continuously. 
More modern techniques use lower concentrations of local anes
thetic and titrate the dose to the specific needs of the patient, 
potentially lowering the risk of operative delivery.3

PROGRESS OF LABOR AND CESAREAN DELIVERY RATE 
Management o f epidural analgesia and timing o f administra
tion should be individualized to the patient’s needs and level 
of pain. Attention should be focused on minimizing local anes
thetic concentrations while still providing adequate pain control 
and avoiding administration of epidural analgesia until the 
obstetrician is committed to delivery. A concern has been a pos
sible dose-response effect— that is, more dense analgesia could 
result in an increased cesarean delivery rate. Several RCTs have 
evaluated traditional epidural analgesia with 0.25%  bupivacaine 
compared with low-dose bupivacaine/fentanyl epidural tech
niques and have found no differences in the rate of cesarean 
delivery. 1 Although epidural analgesia does not increase the 
risk o f cesarean delivery, management o f neuraxial analgesia 
should be individualized to the patient’s needs and level of 
pain with a focus on minimizing local anesthetic concentra
tions and motor block while still providing adequate pain 
control.

The potential for prolonged labor, increased oxytocin use, and 
increased risk of instrumental delivery have been additional 
considerations for clinicians and their patients who receive neur
axial analgesia. Although the relative risk of oxytocin treatment 
after initiation of epidural analgesia varies considerably depend
ing on obstetric practice (i.e., rates of induction and active 
management of labor), systematic reviews66,72 that have evalu
ated this outcome demonstrate that epidural analgesia is asso
ciated with a significant increase in the use o f oxytocin after 
the initiation o f epidural analgesia. Epidural analgesia also 
exerts some effect on the length of active labor. Although neur
axial analgesia may shorten first-stage labor in some women 
and lengthen it in others, there is little doubt that effective 
neuraxial analgesia prolongs the second stage o f labor by 15 
to 30 minutes. 2 However, when asked their preferences, women 
prefer a lower intensity and longer duration of pain during labor 
to higher intensity, shorter duration labor pain.73 Although few 
obstetricians in the past would allow the second stage to con
tinue for more than 2 hours, most agree that a delay in the 
second stage does not adversely affect maternal or neonatal 
outcome provided (1) electronic fetal monitoring confirms reas
suring fetal status, (2) maternal hydration and analgesia are 
adequate, and (3) progress is ongoing in the descent of the fetal 
head. A retrospective study o f42,268 women, half of whom had 
epidural analgesia, found that both nulliparous and multiparous 
women who had epidural analgesia had longer second stages of 
labor.74 However the 95th percentile threshold for second-stage 
labor was more than 2 hours longer in women with epidural 
analgesia compared with women who did not receive epidural 
analgesia. Adopting this longer time period might prevent some 
unnecessary interventions. ACOG has stated that if  progress is 
being made, the duration of the second stage alone does not 
mandate intervention. In such cases, potential strategies for 
decreasing the risk o f instrument-assisted delivery include

reduced density o f neuraxial analgesia during the second 
stage, delayed pushing, and avoiding arbitrary definitions of 
a prolonged second stage.

Any analysis of the relationship between neuraxial analgesia 
and instrument-assisted vaginal delivery is complicated by the 
strong influence of obstetric practice and the obstetricians atti
tude toward operative vaginal delivery. Also, obstetricians may 
be more likely to perform elective instrument-assisted delivery 
in patients with effective analgesia. Three systematic reviews have 
evaluated the effect of neuraxial analgesia on mode of vaginal 
delivery.7' 2 1 These trials included nearly 10,000 patients, and 
the results suggested that epidural analgesia was associated with 
an increased risk of instrumented vaginal delivery. However, 
operator bias is an important consideration. In clinical practice, 
indications vary widely among obstetricians, and it is often 
difficult to distinguish between indicated  and elective instru
mented deliveries. Although most obstetricians are more likely 
to perform such deliveries in women with adequate pain relief, 
another factor that affects the rate of instrumented vaginal deliv
eries is whether these deliveries are conducted in teaching insti
tutions. Such deliveries are more likely to be performed in 
patients with adequate analgesia for the purposes of teaching; 
residents in obstetrics need to perform a minimum number of 
instrumented vaginal deliveries to graduate from training. M ini
mizing the risk of instrumented vaginal delivery while maximiz
ing analgesia requires attention by the anesthesiologist to the 
individual needs of the patient. Modern neuraxial techniques 
use lower concentrations of local anesthetic and a titrated dose, 
factors that likely contribute to lowering the risk of operative 
delivery in such patients.

In a given population, the risk o f cesarean delivery may 
vary depending on the patient population, obstetric manage
ment, protocols for oxytocin augmentation, the obstetric 
provider, patient attitudes toward cesarean delivery, and pro
vider comfort with instrument-assisted vaginal delivery as 
well as additional risk factors. Neuraxial analgesia alone does 
not increase the risk o f cesarean delivery.

FEVER
Epidural analgesia during labor is associated with an increase 
in maternal temperature compared with women who receive 
no analgesia or systemic opioids alone. 6 In a well-designed 
study with a low crossover rate (6%), Sharma and colleagues75 
reported a 33% rate of intrapartum fever greater than 37.5° C 
in nulliparous patients randomized to epidural analgesia com
pared with 7% in those who received parenteral opioids. The 
more than fourfold increased risk of fever occurred despite rela
tively minor prolongations in the mean duration of labor (50 
minutes). Similarly, Yancey and colleagues77 also described an 
eighteenfold increase in the rate of intrapartum fever in nullipa
rous patients (from 0.6% to 11%) in a single year following the 
introduction of an epidural analgesia service in their hospital.

The etiology o f this febrile response is not well 
understood; possible mechanisms include noninfectious 
inflammatory activation, changes in thermoregulation, and 
acquired intrapartum infection. Intrapartum fever after epidu
ral analgesia is associated with increased serum levels of inflam
matory cytokines in the mother and fetus, but no mechanism 
in which epidural blockade might cause inflammation has been 
elucidated. Thermoregulation may be altered because epidural 
analgesia leads to decreased sweating (by providing sympathetic 
blockade) and less hyperventilation after relief of pain in labor. 
Both sweating and hyperventilation would otherwise provide
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heat dissipation. No study has found an increased rate of 
infection associated with epidural analgesia for labor.

Acetaminophen, the standard therapy used to ameliorate 
hyperthermia, is not effective in preventing fever secondary to 
epidural analgesia. High-dose maternal corticosteroids given to 
parturients with epidural analgesia blocks the febrile response 
but also substantially increases the risk of bacteremia in exposed 
babies.78 A randomized trial of prophylactic cefoxitin versus 
placebo did not prevent fever in nulliparous women who 
requested epidural analgesia.711

Despite the lack of infectious morbidity, intrapartum expo
sure to hyperthermia may not be benign for the neonate. A 
retrospective review of low-risk women who received epidural 
analgesia found maternal temperature greater than 99-5° F was 
associated with adverse neonatal outcomes such as hypotonia, 
assisted ventilation, low Apgar scores, and early-onset seizures.80 
W ithout temperature elevation, epidural use was not associated 
with adverse neonatal outcomes, but the rate of adverse out
comes increased directly with maximum maternal temperature. 
An animal study indicates that the presence of hyperthermia 
during an ischemic event increases susceptibility to hypoxic- 
ischemic insult.81 Although the absolute risk is low, maternal 
temperature greater than 38° C is associated with 9.3-fold 
increased risk of cerebral palsy in term infants (95% C l, 2.7 to 
31). It is important to clarify that no evidence suggests that 
epidural analgesia is associated with infection, encephalopa
thy, or cerebral palsy. Active cooling measures such as decreas
ing room temperature, removing blankets from the mother, and 
use of cool IV fluids should be used for all febrile parturients.

Paracervical Block
Paracervical block analgesia is a simple and effective procedure 
when performed properly (see Table 16-1). Commonly, 5 to 
6 mL of a dilute solution of local anesthetic without epinephrine 
(e.g., 1% lidocaine or 1% or 2% 2-chloroprocaine) is injected 
into the mucosa of the cervix at the 3 and 9 o’clock positions 
(Fig. 16-8). The duration of analgesia depends on the local 
anesthetic used. This technique has fallen out of favor owing 
to its association with the fetal bradycardia that follows in 
2% to 70% of applications. Occurring within 2 to 10 minutes 
and persisting from 3 to 30 minutes, these bradycardias are 
usually benign; however, cases of fetal acidosis and death have 
been reported. A significant decrease in pH and a rise in base 
deficit occur only in those fetuses with bradycardia that persists 
more than 10 minutes.82 Although no consensus has been 
reached regarding the mechanism o f paracervical block bra
dycardia, this block should be used cautiously at all times 
and should not be used at all in the presence o f nonreassur
ing fetal heart rate monitoring or suspected uteroplacental 
insufficiency.

A N E S T H E S IA  FO R IN S T R U M E N T E D  V A G IN A L  
D E L IV E R Y  OR P E R IN E A L R EPA IR
The goal of pain relief for vaginal delivery is to match the 
patient’s wishes with the requirements of the delivery without 
subjecting either mother or fetus to unnecessary risk.

Local A n esth esia
In the form o f perineal infiltration, local anesthesia is widely 
used and very safe. Spontaneous vaginal delivery, episiotomy, 
and perhaps outlet vacuum deliveries can be accomplished

FIG 16-8 Technique of paracervical block. Schematic coronal section 
(enlarged) of lower portion of cervix and upper portion of vagina 
shows relation of needle to paracervical region. (Modified from Bonica 
JJ. Principles and Practice o f Obstetric Analgesia and Anesthesia. 
Philadelphia: FA Davis; 1967:234.)

TABLE 16-5 LIDOCAINE CONCENTRATIONS IN
MATERNAL PLASMA AND UMBILICAL 
CORD VEIN AT DELIVERY AFTER 
PERINEAL INFILTRATION

CONCENTRATION (ng/mL)

SAMPLE ( N=  15) MEAN ± SO RANGE

Maternal plasma
Peak concentration 648 ± 666 60-2400
At delivery 548 ± 468 33-1474
Umbilical cord vein 420 ± 406 45-1380
Fetal/maternal ratio* 1.32+ 1.46 0.05-4.66

From Philipson EH, Kuhnert BR, Syracuse CD. Maternal, fetal, and neonatal lidocaine 
levels following local perineal infiltration. Am J  O bstet Gynecol. 1984; 149:403.
*Ratio of level in cord vein to level in maternal vein at delivery (mean of individual 
ratios, not ratio of means).
SD, standard deviation.

with this simple technique. Local anesthetic toxicity may occur 
if  large amounts of local anesthetic are used or if  an inadvertent 
intravascular injection occurs. Usually, 5 to 15 mL of 1% lido
caine suffices. Rapid and significant transfer of lidocaine to the 
fetus occurs after perineal infiltration. The concentration of lido
caine at delivery was greater in the umbilical vein than in the 
mother in 5 of 15 infants (Table 16-5).

Pudendal N erve Block
Pudendal nerve block is a minor regional block that is also 
reasonably effective and very safe. Using an Iowa trumpet and a 
20-gauge needle, the obstetrician injects 5 to 10 mL of local
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anesthetic just below the ischial spine. Because the hemorrhoidal 
nerve may be aberrant in 50% of patients, some physicians 
prefer to inject a portion of the local anesthetic somewhat pos
terior to the spine (Fig. 16-9). Although a transperineal approach 
to the ischial spine is possible, most prefer the transvaginai 
approach, for which 1% lidocaine or 2% 2-chloroprocaine can 
be used.

Pudendal block is generally satisfactory for all spontaneous 
vaginal deliveries and episiotomies and for some outlet or low 
operative vaginal deliveries, but it may not be sufficient for 
deliveries that require additional manipulation. The potential 
for local anesthetic toxicity is higher with pudendal block, 
compared with perineal infiltration, because o f large vessels 
proximal to the injection site (see Fig. 16-9). Therefore aspira
tion of the needle before injection is particularly important. 
When perineal and labial infiltration are required in addition to 
pudendal block, it is critically important to closely monitor the 
total amount of local anesthetic given.

Monitored Anesthesia Care With Sedation
For urgent or unanticipated instrumented deliveries, an 
anesthesiologist, anesthesiologist assistant, or nurse anes
thetist may administer nitrous oxide or IV analgesia while 
maintaining protective laryngeal and cough reflexes. The 
obstetrician should add local infiltration or a pudendal 
block. The combined effects are additive and are satisfactory 
for most operative vaginal deliveries, shoulder dystocias, and 
head entrapments. The anesthesiologist frequently questions the 
patient to determine the level of anesthesia and to ensure that 
deeper planes of anesthesia are avoided. Such precautions are 
important because if  the patient becomes unconscious, all of the 
hazards associated with general anesthesia are possible, including 
airway obstruction, hypoxia, and aspiration. Because continual 
assessment of the patient’s state of consciousness is required and 
is sometimes difficult, only anesthesiologists, anesthesiologist 
assistants, or nurse anesthetists should administer inhalation 
analgesia. Furthermore, in the United States, this technique may 
require use of the anesthesia machine, misuse of which can prove 
disastrous. The anesthesiologist may use 50% nitrous oxide or, 
for IV analgesia, ketamine 0.25 to 0.5 mg/kg. This latter agent 
may be particularly effective in the labor room when an anes
thesia machine is not available or for the patient who cannot or 
will not tolerate an anesthetic face mask. Inhalation or IV anal
gesia renders some patients amnesic of the event, which may be 
undesirable for the mother.

Spinal (Subarachnoid) Block
A saddle block is a spinal block in which the level o f anes
thesia is limited to little more than the perineum. Spinal 
anesthesia is reasonably easy to perform and usually provides 
total pain relief in the blocked area; therefore spontaneous

and forceps deliveries, perineal repairs, and more complicated 
deliveries can all be accomplished without pain for the mother. 
The patient’s ability to push may be compromised somewhat by 
diminished motor strength and significant sensory block. Left 
uterine displacement should be maintained after the local anes
thetic has been injected to maintain venous return and prevent 
excess hypotension.

Other techniques such as initiation of epidural anesthesia 
(assuming it is not already in place for labor analgesia) or general 
anesthesia are rarely if  ever used in modern practice.

ANESTHESIA FOR CESAREAN DELIVERY
In the United States, general anesthesia is used for about 
10%  o f cesarean births (depending on the size o f the hospi
tal), and spinal, epidural, or CSE anesthetics are used for 
approximately 90%  o f these deliveries (Table 16-6).1 Local 
anesthesia for cesarean delivery is possible but is rarely used or 
taught anymore. Although neuraxial anesthesia may have ben
efits for the mother, neuraxial or general anesthesia results in 
similar fetal outcomes as ascertained by Apgar scores and blood 
gas measurements (Table 16-7).

Premedication
Premedication using sedative or opioid agents is usually omitted 
because these agents cross the placenta and can depress the 
newborn. Sedation should be unnecessary if  the procedure is 
explained well and the patient is reassured.

Aspiration and Aspiration Prophylaxis
Aspiration is a serious and potentially fatal complication of 
general anesthesia and therefore deserves specific attention. 
When aspiration does occur, the consequences are worse if 
gastric volume is high and if the acidity of the aspirate is low. 
Pregnant patients are at higher risk for aspiration because the 
enlarged uterus increases intraabdominal pressure and thus 
intragastric pressure; the gastroesophageal sphincter is distorted 
by the enlarged uterus, making it less competent and possibly 
explaining the high incidence of heartburn that occurs during 
pregnancy. Increased progesterone levels affect smooth muscle, 
which delays gastric emptying and relaxes the gastroesophageal 
sphincter. Labor itself delays gastric emptying, primarily when 
patients have received opioids.16

The severity of lung damage and rates of morbidity after 
aspiration vary and depend on the type of material aspirated. 
Less acidic aspirates (pH >2.5) fill the alveoli and decrease PaO2 
without a significant destructive or inflammatory effect. Aspi
rates with a pH of less than 2.5 cause hemorrhage, inflammatory 
exudates, and edema and result in lower PaO2. Aspiration of 
partially digested food produces the most severe physiologic 
and histologic alterations. PaO2 decreases more than with any

TABLE 16-6 ANESTHETIC PROCEDURES USED FOR CESAREAN DELIVERY IN 2001 ACCORDING TO SIZE 
OF DELIVERY SERVICE

HOSPITAL SIZE EPIDURAL BLOCK (%) SPINAL BLOCK (%) GENERAL ANESTHESIA (%)

(BIRTHS/YEAR) ELECTIVE EMERGENT ELECTIVE EMERGENT ELECTIVE EMERGENT

<500 14 14 80 59 3 25

500-1499 17 21 75 48 5 30

>1500 22 36 67 45 3 15

Modified from Bucklin BA, Hawkins JL, Anderson JR , Ullrich FA. Obstetric anesthesia workforce survey. Anesthesiology. 2005;103:645.
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Ilioinguinal nerve-----------------------
G enital br./G enito fem oral nerve
Perineal branch/
Post, femoral cutaneous nerve 

Dorsal nerve of clitoris-----------

Labial nerve

Ischial spine---------------------
Pudendal nerve---------------

Inferior hemorrhoidal nerve 

Sacrospinous ligament

Pudendal nerve 

Inferior hemorrhoidal nerve 

Sacrospinous ligament 

Ischial spine 

Pudendal vein

B
FIG 16-9 Anatomy of the pudendal nerve and techniques of pudendal block.
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TABLE 16-7 ELECTIVE CESAREAN DELIVERY BLOOD GAS AND APGAR SCORES

GENERAL ANESTHESIA* EPIDURAL ANESTHESIA* SPINAL ANESTHESIA'
(/V = 20) (A/ = 15) (fl/=  15)

Umbilical Vein
pH -7 .38 -7.359 -7 .34

PO2 (mm Hg) 35 36 37
PCO2 (mm Hg) 38 42 48

Apgar <6
1 -1 - 0 -0

5 -0 - 0 - 0
Umbilical Artery
pH -7 .32 -7 .28  % -7 .28

P 0 2 (mm Hg) 22 18 18
P C 0 2 (mm Hg) 47 55 63
BE (mEqhL) -1 .80 -1 .60 -1 .40

*Data from James FM III, Crawford JS, Hopkinson R, et al. A comparison of general anesthesia and lumbar epidural analgesia for elective cesarean section. Anesth Analg. 1977;56:228. 
+Data from Datta S, Brown W U. Acid-base status in diabetic mothers and their infants following general or spinal anesthesia for cesarean section. Anesthesiology. 1977;47:272.
BE, base excess.

TABLE 16-8 ARTERIAL BLOOD GAS TENSIONS 
AND pH OF DOGS 30 MINUTES 
AFTER ASPIRATION OF 2 mL/kg

____________ OF VARIOUS MATERIALS________

RESPONSE

ASPIRATE
COMPOSITION pH

p o 2
(mm Hg)

p c o 2
(mm Hg) pH

Saline 5.9 61 34 7.37
Hydrochloride 1.8 41 45 7.29
Food particles 5.9 34 51 7.19
Food particles 1.8 23 56 • 7.13

From Gibbs CP, Modell JH . Management of aspiration pneumonitis. In: Miller RD ed. 
Anesthesia. 3rd ed. New York: Churchill Livingstone; 1990:1293.

other type of aspiration, and lung damage is considerably more 
destructive (Table 16-8).

Although acidic stomach contents can be neutralized safely 
and effectively with clear antacids or an H2-receptor antagonist, 
antacids cannot ameliorate the risks of aspiration after food 
intake. Aspiration of partially digested food causes significant 
hypoxia and lung damage, even at a pH level as high as 5.9. To 
decrease aspiration risk in cases of unplanned cesarean delivery, 
oral intake during labor should be lim ited to modest amounts 
of clear liquids or ice chips.3

Use o f a clear antacid is considered routine for all partu
rients prior to surgery. Additional aspiration prophylaxis 
using an H2-receptor blocking agent and metoclopramide 
may be given to parturients with risk factors such as morbid 
obesity, diabetes mellitus, or a difficult airway or for those 
who have previously received opioids. As soon as it is known 
that the patient requires cesarean delivery, be it with neuraxial 
or general anesthesia, 30 mL of a clear, nonparticulate antacid— 
such as 0.3 M  sodium citrate, Bicitra (citric acid and sodium 
citrate), or Alka Seltzer, 2 tablets in 30 mL water— is adminis
tered to decrease gastric acidity and ameliorate the consequences 
of aspiration, should it occur. The chalky white particulate ant
acids are avoided because they can produce lung damage if 
aspirated (Fig. 16-10).83

Left Uterine Displacement
As during labor, the uterus may compress the inferior vena 
cava and the aorta during cesarean delivery, leading to reduced 
venous return to the heart, reduced cardiac output, and reduced

BOX 16-2 ADVANTAGES AND DISADVANTAGES OF 
GENERAL ANESTHESIA FOR CESAREAN DELIVERY

Advantages
• Patient does not have to  be awake du ring  a m ajor 

operation.
• General anesthesia provides to ta l pain relief.
• O perating cond itions  are optim al.
• The m other can be given 100% oxygen if needed.

Disadvantages

• Patients w ill not be awake du ring  cesarean delivery, 
but there is a sm all risk o f undesirable awareness.

• A s ligh t risk o f fetal depression exists im m edia te ly  
a fter birth.

• In tubation causes hypertension and tachycardia, w h ich 
m ay be pa rticu la rly  dangerous in severely preeclam ptic 
patients.

• In tubation can be d ifficu lt or im possib le.
• A sp ira tion  o f stom ach contents is possible.

uteroplacental perfusion. Aortocaval compression is detrimen
tal to both mother and fetus. The duration of anesthesia has 
little effect on neonatal acid-base status when left uterine dis
placement is practiced; however, when patients remain supine, 
Apgar scores decrease as time of anesthesia increases.84

General Anesthesia
The term balaticed general anesthesia refers to a combina
tion o f various agents— including hypnotic agents to induce 
sleep, inhalation agents, opioids, and muscle relaxants—as 
opposed to high concentrations o f potent inhalation agents 
alone. It is preferred for obstetric applications (Box 16-2).

Failure to intubate and aspiration continue to cause anesthesia- 
related maternal mortality, and as a result, many anesthesiolo
gists, obstetricians, and patients now prefer neuraxial anesthesia 
over general anesthesia.1 To understand how these complications 
may arise, the obstetrician should be aware of the sequence of 
events during general anesthesia.

Preoxygenation
Preoxygenation is especially important in pregnant patients, 
who have decreased functional residual capacity and are 
more likely than nonpregnant patients to rapidly become
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362 Section III Intrapartum Care

FIG 16-10 Lung after aspiration of particulate antacid. Note marked extensive inflammatory reaction. The alveoli are filled with polymorphonuclear 
leukocytes and macrophages in approximately equal numbers. Insets at right show large and small intraalveolar particles surrounded by inflam
matory cells (48 hours). Later, the reaction changed to an intraalveolar cellular collection of clusters of large macrophages with abundant granular 
cytoplasm some of which contained small amphophilic particles similar to those seen in the insets. No fibrosis or other inflammatory reaction 
was seen (28 days). (From Gibbs CP, Schwartz DJ, Wynne JW, et al. Antacid pulmonary aspiration in the dog. Anesthesiology. 1979;51:380.)

hypoxemic i f  difficult intubation accompanied by apnea 
occurs. Before starting induction, 100% oxygen should be 
administered through a face mask for 2 to 3 minutes. In situa
tions of dire emergency, four vital-capacity breaths of 100% 
oxygen through a tight-circle system will provide similar 
benefit.85

Induction
The anesthesiologist administers a short-acting induction agent 
to render the patient unconscious. An appropriate dose of any 
of these agents has little effect on the fetus. Induction agents 
that may be used are propofol,86 etomidate,s and ketamine, 
all o f which are rapidly redistributed in both mother and 
fetus. Women who receive ketamine for induction require less 
analgesic medications in the first 24 hours after their cesarean 
delivery compared with those who received thiopental.89 Ket
amine antagonism of N-methyl-D-aspartate (NMDA) receptors 
may prevent central hypersensitization and provide preemptive 
analgesia.

Although obstetricians are often concerned about the 
induction-to-delivery interval (I-D) during general anesthesia, the 
uterine incision-to-delivery interval (U-D) is more predictive of 
neonatal status.84,90 W ith a prolonged I-D interval, there is fetal 
uptake of the inhaled anesthetic and depressed Apgar scores (i.e., 
sleepy babies), but fetal acid-base status is normal, and effective 
ventilation is all that is needed. A prolonged U-D interval 
greater than 3 minutes leads to depressed Apgar scores with 
neuraxial or general anesthesia and is associated with elevated 
fetal umbilical artery norepinephrine concentrations and associ
ated fetal acidosis.90

Immediately after the induction agent, the anesthesiologist 
gives a muscle relaxant to facilitate intubation. Succinylcholine— 
a rapid-onset, short-acting muscle relaxant— remains the agent 
of choice in most patients.

During rapid-sequence induction, as the induction agent 
begins to take effect and the patient approaches unconscious
ness, an assistant applies pressure to the cricoid cartilage just 
below the thyroid cartilage and does not release the pressure 
until an endotracheal tube is placed, the cuff is inflated, and its 
position is verified by end-tidal carbon dioxide measurement 
and bilateral breath sounds. Pressure on the cricoid compresses 
the esophagus and is extremely important in preventing aspi
ration should regurgitation or vomiting occur. In most 
instances, aspiration can be prevented by using cricoid pressure 
at induction of anesthesia.

Intubation
In most cases, intubation proceeds smoothly. However, 
in approximately 1 in 533 obstetric patients, it is difficult, 
delayed, or impossible.38 The incidence of failed intubation 
in obstetric patients is more common than in patients in the 
general operating room (1 in 533 in obstetric patients vs. 1 in 
2230 in surgical patients).38,91 W hen the delay is prolonged or 
the intubation is impossible, the critical factors include deliv
ering oxygen to the now unconscious and paralyzed patient 
and preventing aspiration. Delay in intubation is associated 
with escalating aspiration risk; therefore it is particularly impor
tant during a difficult intubation that the person applying 
cricoid pressure not release that pressure until told to do so by 
the anesthesiologist.
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The patient at risk for a difficult or impossible intubation can 
often be identified before surgery. Examination of the airway is 
a critical part of the preanesthetic evaluation (Fig. 16-11). The 
anesthesiologist will assess four factors: (1) the ability to visualize 
oropharyngeal structures (Mallampati classification92); (2) range 
of motion of the neck; (3) presence of a receding mandible, 
which indicates the depth of the submandibular space; and 
(4) whether protruding maxillary incisors are present. It is 
important to know that airway patency can worsen significantly 
over the course of labor. One study found significant increases 
in the Mallampati score and the incidence of class III and class 
IV airways along with a decrease in oral volume and pharyngeal 
areas when they compared prelabor and postlabor airway exami
nations.93 The worsening airways were unrelated to labor dura
tion or fluid intake. These changes would make endotracheal 
intubation more difficult; thus a careful airway examination is 
essential just before administering anesthesia rather than relying 
on prelabor information. Obstetricians should be alert to the

Class I Class II Class III Class IV

Grade I Grade II Grade III Grade IV

FIG 16-11 Mallampati airway classifications with corresponding laryn- 
goscopic view of the vocal cords. (Modified from Hughes SC, Levin
son G, Rosen MA, eds. Shnider and Levinson's Anesthesia for 
Obstetrics, 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2002.)

presence o f obesity, severe edema, and anatomic abnormali
ties o f the face, neck, or spine that include those from trauma 
or surgery, abnormal dentition, difficulty opening the mouth, 
extremely short stature, short neck or arthritis o f the neck, 
or goiter. When the obstetrician recognizes airway abnor
malities, patients should be referred for an early preoperative 
evaluation by the anesthesiologist.

Before surgery begins, the anesthesiologist must ensure that 
the endotracheal tube is properly positioned using capnography 
and auscultation. The operation should not proceed until the 
airway is secure because the patient cannot be allowed to awaken 
after the abdomen is opened.

FAILED INTUBATION
When intubation cannot be accomplished and cesarean 
delivery is not urgent, the decision to delay the operation 
and allow the mother to awaken is easy. However, i f  the 
operation is being done because o f rapidly worsening fetal 
condition or maternal hemorrhage, allowing the mother to 
awaken may further jeopardize the fetus or mother. Rarely, 
in situations o f dire fetal compromise, the anesthesiologist 
and obstetrician may joindy decide to proceed with cesarean 
delivery while the anesthesiologist provides oxygenation, 
ventilation, and anesthesia by face mask ventilation or 
laryngeal mask airway (LMA), with an additional person 
maintaining continuous cricoid pressure. In these emergent 
situations, it may be necessary to have additional trained person
nel to provide assistance. After delivery, the obstetrician may 
need to obtain temporary hemostasis and then halt surgery while 
the anesthesiologist secures the airway by fiberoptics or other 
methods.

An algorithm for management of failed intubation in the 
obstetric patient is shown in Figure 16-12. Nursing staff should 
also be familiar with the difficult airway algorithm in case they 
are called upon to assist during an airway emergency.94 Videolar
yngoscopy is a valuable tool in the emergency setting,95 and 
supraglottic devices such as the LMA should always be imme
diately available for rescue in the case of difficult or failed 
intubation.94

Mask ventilation

FIG 16-12 An algorithm for the management of failed intubation in the obstetric patient. LMA, laryngeal mask airway.
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364 Section II! Intrapartum Care

Agents
NITROUS OXIDE AND OXYGEN
Once the endotracheal tube is in place, a 50 :5 0  mixture of 
nitrous oxide and oxygen—which is safe for both mother and 
fetus— is usually added to provide analgesia and amnesia.

VOLATILE HALOGENATED AGENT
In addition to nitrous oxide, a low concentration of a volatile 
halogenated agent (e.g., isoflurane, sevoflurane, or desflurane) is 
added to provide maternal amnesia and additional analgesia. In 
low concentrations, these agents are not harmful to mother or 
fetus. Uterine relaxation does not result from low concentra
tions o f these agents, and bleeding should not be increased 
secondary to their addition. Proceeding without a potent 
inhalation agent results in an unacceptably high incidence of 
maternal awareness and recall. Even with the use of one of 
these agents, maternal awareness and recall occasionally occur.>6 
Therefore it is important that all operating room personnel 
use discretion in conversation and conduct themselves as if  the 
patient were awake.

Post Delivery
The concentration of nitrous oxide can be increased after deliv
ery if  the mother tolerates a lower inspired concentration of 
oxygen. In addition, the volatile halogenated agent is continued 
at a low concentration, and pain relief is supplemented with 
an opioid such as fentanyl or morphine. Other IV agents such 
as benzodiazepines may be added to ensure maternal amnesia. 
Oxytocin is infused intravenously to improve uterine tone; 
however, large bolus injections are avoided because they can 
cause a drop in systemic vascular resistance, hypotension, and 
tachycardia. Maternal deaths have been reported following IV 
bolus oxytocin in the setting of hypovolemia or pulmonary 
hypertension.1

Extubation
Because the patient can aspirate while awakening and during 
emergence, extubation is not done until the patient is awake and 
can respond appropriately to commands. Coughing and bucking 
do not necessarily indicate that the patient is awake, merely that 
she is in the second stage— the excitement stage— of anesthesia. 
It is during this period of anesthesia that laryngospasm is most 
likely to occur should any foreign body, including the endotra
cheal tube or bits of stomach contents, stimulate the larynx. To 
prevent aspiration, the patient must therefore be awake and 
conscious, not merely active, before extubation.

Neuraxial Anesthesia
If the fetal status permits and no maternal contraindications 
exist, neuraxial anesthesia is preferred for cesarean delivery
(Box 16-3).1 Contraindications to neuraxial anesthesia include 
hemodynamically significant hemorrhage or sepsis, infection at 
the site of needle insertion, coagulopathy, increased intracranial 
pressure caused by a mass lesion, patient refusal, and perhaps 
some forms of heart disease. Significant ongoing hemorrhage is 
a firm contraindication to neuraxial anesthesia because the sym
pathetic blockade overrides compensatory vasoconstriction and 
potentially precipitates cardiovascular decompensation.

The use of neuraxial anesthesia in patients with fetal com
promise depends on the severity of the fetal condition. If 
the situation is severe and acute, do not delay delivery to 
perform a neuraxial technique de novo. Ongoing acute fetal

BOX 16-3 ADVANTAGES AND DISADVANTAGES OF 
NEURAXIAL ANESTHESIA

Advantages
• The  p a tie n t is aw ake  and can p a rtic ip a te  in th e  b ir th  o f 

h e r ch ild .
• T he re  is l it t le  risk  o f  d ru g  d e p re s s io n  o r  a s p ira tio n  and 

no in tu b a tio n  d iff ic u lt ie s .
• N e w b o rn s  g e n e ra lly  have  g o o d  n e u ro b e h a v io ra l 

scores.
• T he  fa th e r  is m o re  lik e ly  to  be a llo w e d  in th e  o p e ra tin g  

ro o m .
• P o s to p e ra tiv e  p a in  c o n tro l u s in g  n e u ra x ia l o p io id s  m ay 

be s u p e rio r  to  in tra v e n o u s  p a tie n t-c o n tro lle d  
a nesthes ia .

Disadvantages
• P a tien ts  m a y  p re fe r n o t to  be aw ake  d u r in g  m a jo r 

su rg e ry .
• A  b lo ck  th a t p ro v id e s  in a d e q u a te  a n e s th e s ia  m ay 

resu lt.
• H y p o te n s io n , p e rh a p s  th e  m o s t c o m m o n  c o m p lic a tio n  

o f n e u ra x ia l a n e s th e s ia , o ccu rs  d u rin g  25%  to  85%  o f 
sp in a l o r e p id u ra l a n e s th e tics .

• T o ta l sp in a l anes th e s ia  m a y  o ccu r, w h ic h  n e cess ita tes  
a irw a y  m a n a g e m e n t.

• Local a n e s th e tic  to x ic ity  m a y  o ccu r.
• A lth o u g h  e x tre m e ly  rare , p e rm a n e n t n e u ro lo g ic  

seque lae  m a y  occur.
• S eve ra l c o n tra in d ic a tio n s  ex is t.

deterioration is usually an indication for general anesthesia.
However, a history or suspicion of difficult intubation should 
prompt either awake intubation or neuraxial anesthesia, despite 
the presence of fetal compromise, because of the risk of maternal 
death from unsuccessful intubation. Lesser degrees of fetal com
promise may permit neuraxial anesthesia. For example, if  an 
epidural catheter has been placed earlier, a partial level of anes
thesia already exists, and the patient is hemodynamically stable, 
extension of epidural anesthesia may be appropriate for cesarean 
delivery. The anesthesiologist can give additional local anesthetic 
while the urethral catheter is inserted and the abdomen is pre
pared and draped. Often, anesthesia will be satisfactory when 
the surgeon is ready to make the skin incision. If not, the FHR 
pattern will dictate whether a delay is acceptable. W hen partial 
but inadequate epidural anesthesia results, the clinician may 
consider supplemental infiltration of local anesthetic, but most 
often general anesthesia w ill be indicated.

In cases in which the FHR tracing is not critical, de novo 
spinal or CSE anesthesia may be performed for cesarean delivery. 
In cases in which extension of existing epidural anesthesia is 
unsuccessful, spinal anesthesia should be placed with caution 
because the risk of high spinal anesthesia is increased.38

In healthy patients, the choice between epidural, spinal, and 
CSE anesthesia primarily rests with the anesthesiologist. W ith 
the recent availability of small-gauge spinal needles with a 
pencil-point tip design, the risk of headache is no different after 
spinal or epidural anesthesia. Most consider spinal block to be 
easier and quicker to perform, and most believe that the result
ing anesthesia will be more solid and complete. Perhaps the most 
significant advantage of spinal anesthesia is that it requires con
siderably less local anesthetic, and therefore, the potential for 
local anesthetic toxicity is reduced. A CSE technique provides 
the benefits of spinal anesthesia plus the ability to prolong the
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anesthetic if  needed by dosing the epidural catheter; however, 
any of these techniques is satisfactory and should provide safe, 
effective anesthesia for the mother and the fetus.

Postoperative Care
If spinal or epidural anesthesia was used for cesarean delivery, 
excellent postoperative analgesia can be obtained by addition of 
preservative-free morphine to the local anesthetic solution. The 
more lipid-soluble opioids such as fentanyl or sufentanil are used 
to improve the quality of intraoperative anesthesia but have a 
short duration of 2 to 4 hours. They may be used postoperatively 
in combination with a local anesthetic in a continuous or 
patient-controlled epidural infusion. In contrast, morphine is 
hydrophilic, which gives it a prolonged duration of up to 24 
hours, and it can be given as a single dose at the time of cesarean 
delivery. Unfortunately, its water solubility also gives morphine 
a long onset time and a higher incidence of side effects. 
The most common side effects of spinal and epidural opioids 
are itching and nausea; respiratory depression is a rare but 
serious complication. Several studies have shown that spinal 
or epidural opioids provide superior pain relief when com
pared with parenteral (intramuscular or intravenous PCA) 
opioids with a trend toward earlier hospital discharge and 
lower cost.’

If general anesthesia was used, or neuraxial opioids provide 
inadequate pain control, an intravenous PCA can be used for 
postoperative pain management. Morphine, hydromorphone, 
and fentanyl have all been used successfully. W hen intravenous 
PCA is used, the pump settings include an incremental dose 
of 1 to 2 mg morphine, 0.2 to 0.4 mg hydromorphone, or
25 |Llg fentanyl and a lockout interval of 6 to 10 minutes. Basal 
rates are rarely necessary for pain control and only increase 
maternal sedation and side effects. Using PCA provides better 
patient satisfaction by allowing the patient to control her pain 
medication.

The addition o f nonsteroidal antiinflammatory drugs 
(NSAIDs) significantly improves pain scores with neuraxial 
morphine and reduces use o f PCA opioids.98 IV ketorolac, 
rectal indomethacin, or oral ibuprofen can be used depending 
on the patient’s ability to tolerate oral intake. Contraindications 
for NSAID use include renal insufficiency or low urine output, 
use of gentamicin or similar drugs with renal toxicity, coagu
lopathy, and uterine atony. Although the package insert for 
ketorolac states that it is contraindicated for use in breastfeed
ing mothers, the American Academy of Pediatrics approves its 
use while women are breastfeeding. IV or oral acetaminophen 
should also be used as part of a multimodal analgesic regimen.

In most cases, postoperative care is uneventful in obstetric 
patients. However, recent reports suggest that the postopera
tive period can be an important time for anesthetic-related 
maternal mortality. In a state review of maternal deaths in 
Michigan from 1985 through 2003, 8 of 855 maternal deaths 
were found to be anesthesia related and occurred during emer
gence or recovery from general anesthesia.99 Hypoventilation or 
airway obstruction occurred in these cases, and obesity and black 
race were factors associated with these deaths. These cases raise 
important questions about appropriate postanesthesia care unit 
(PACU) management after general anesthesia for cesarean deliv
ery and point out the need for additional monitoring in obese 
patients at risk for obstructive sleep apnea. A recent survey of 
obstetric anesthesiology directors of North American academic 
institutions found that 45% of institutions (28 of 62) had no

specific postanesthesia recovery training for nursing staff who 
provide postcesarean care for patients recovering from neuraxial 
or general anesthesia.100 In addition, 43% of respondents (29 of 
67) rated the recovery care provided to cesarean delivery patients 
as lower quality than care given to general surgical patients. 
Results from this survey suggest that in many cases, the level of 
care provided for postanesthesia recovery from cesarean delivery 
may not meet guidelines established by the ASA Task Force on 
Postanesthetic Care and the American Society of Perianesthesia 
Nurses. However, the ASA Practice Guidelines for Obstetric 
Anesthesia3 emphasize that labor and delivery units should have 
the same staffing and equipment as surgical operating and recov
ery rooms to reduce risks associated with emergence after general 
anesthesia for cesarean delivery and to reduce the risk associated 
with obesity and obstructive sleep apnea.

KEY POINTS

♦ Analgesia during labor can reduce or prevent potentially 
adverse stress responses to the pain of labor, including 
postpartum depression.

♦ Parenteral opioids for labor analgesia work primarily by 
sedation and, except at high doses, result in minimal 
reduction of maternal pain. Side effects include mater
nal nausea and respiratory depression in both the 
mother and newborn. The routine use of promethazine 
in conjunction with opioids should be avoided.

♦ Placental transfer of a drug between mother and fetus 
is governed by the characteristics of the drug, including 
its size, lipid solubility, and ionization; maternal blood 
levels and uterine blood flow; placental circulation; and 
the fetal circulation.

♦ Continuous neuraxial (epidural or spinal) analgesia 
is the most effective form of intrapartum pain relief 
currently available and has the flexibility to provide 
additional anesthesia for spontaneous or instrument
ed delivery, cesarean delivery, and postoperative pain 
control.

♦ Spinal opioids as part of a CSE technique provide excel
lent analgesia during much of the first stage of labor, 
and they decrease or avoid the risks of local anesthetic 
toxicity, high spinal anesthesia, and motor block. Most 
patients need additional analgesia with epidural local 
anesthetics later in labor and during the second stage.

♦ Side effects and complications of neuraxial anesthesia 
include hypotension, local anesthetic toxicity, total 
spinal anesthesia, neurologic injury, and spinal head
ache. Personnel who provide anesthesia must be com
petent and available to treat these problems.

♦ Epidural analgesia does not increase the rate of cesarean 
delivery but may increase oxytocin use and the rate 
of instrument-assisted vaginal deliveries. The duration 
of the second stage is increased by 15 to 30 minutes. 
Maternal-fetal factors and obstetric management are 
the most important determinants of the cesarean 
delivery rate.

♦ Epidural analgesia is associated with an increased rate 
of maternal fever during labor, although the mechanism 
is unknown. This does not alter the rate of documented 
neonatal sepsis. Other neonatal implications are unclear.
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366 Section III Intrapartum Care

♦ General anesthesia is used for less than 5% of elective 
and roughly 25% of emergent cesarean deliveries. 
Although safe for the newborn, general anesthesia can 
be associated with failed intubation and aspiration, 
causes of anesthesia-related maternal mortality.

♦ Aspiration of gastric contents is most detrimental when 
food particles are present or the pH is less than 2.5; 
therefore patients should be encouraged not to eat 
during labor, and acid-neutralizing medications should 
be used before operative deliveries.

♦ The use of neuraxial anesthesia is not absolutely contra
indicated in cases of nonreassuring fetal testing; the 
method of anesthesia should be chosen based on the 
degree of fetal compromise and maternal safety.
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A bdom inal d iam eter AD
Am erican College o f Obstetricians and ACOG

G ynecologists
A m nio tic  flu id  index AFI
Anteroposterio r AP
Biparietal d iam eter BPD
Cerebral palsy CP
Com bined spinal-epidural CSE
Com puted tom ography CT
Confidence interval Cl
External cephalic version ECV
Ex utero intrapartum  treatm ent EXIT
Fetal heart rate FHR
Internal podalic version IPV
M agnetic resonance im aging MRI
O ccip itofronta l d iam eter OFD
Odds ratio OR
Perinatal m orta lity  rate PMR
Periventricular leukomalacia PVL
Preterm prem ature rupture o f the PPROM

m em branes
Relative risk RR
Term breech trial TBT

Near term or during labor, the fetus normally assumes a vertical 
orientation, or lie, and a cephalic presentation, with the flexed 
fetal vertex presenting to the pelvis (Fig. 17-1). However, in 
about 3% to 5% of singleton gestations at term, an abnormal 
lie, presentation, or flexed attitude occurs; such deviations 
constitute fetal malpresentations. The word m alpresen ta tion  
suggests the possibility o f adverse consequences, and malpre
sentation is often associated with increased risk to both the

mother and the fetus. In the early twentieth century, mal
presentation often led to a variety of maneuvers intended to 
facilitate vaginal delivery, including destructive operations lead
ing, predictably, to fetal death. Later, manual or instrumented 
attempts to convert the malpresenting fetus to a more favorable 
orientation were devised. Internal podalic version (IPV) fol
lowed by a complete breech extraction was once advocated as a 
solution to many malpresentation situations. However, like with 
most manipulative efforts to achieve vaginal delivery, IPV was 
associated with high fetal and maternal morbidity and mortality 
rates and has been largely abandoned. In contemporary prac
tice, cesarean delivery has become the recommended mode 
of delivery in the malpresenting fetus.

CLINICAL CIRCUMSTANCES ASSOCIATED 
WITH MALPRESENTATION
Generally, factors associated with malpresentation include 
(1) diminished vertical polarity o f the uterine cavity, (2) in
creased or decreased fetal mobility, (3) obstructed pelvic 
inlet, (4) fetal malformation, and (5) prematurity. The asso
ciation of great parity with malpresentation is presumably re
lated to laxity of maternal abdominal musculature and resultant 
loss of the normal vertical orientation of the uterine cavity. 
Placentation either high in the fundus or low in the pelvis 
(Fig. 17-2) is another factor that diminishes the likelihood of a 
fetus assuming a longitudinal axis. Uterine myomata, intrauter
ine synechiae, and miillerian duct fusion abnormalities such as 
a septate uterus or uterine didelphys are sim ilarly associated with 
a higher than expected rate of malpresentation. Because both 
prematurity and polyhydramnios permit increased fetal mobil
ity, the probability of a noncephalic presentation is greater if 
preterm labor or rupture o f the membranes occurs. Further
more, preterm birth involves a fetus that is small relative to the 
maternal pelvis; therefore engagement and descent with labor or 
rupture of the membranes can occur despite a malpresentation. 
In contrast, conditions such as chromosomal aneuploidies, con
genital myotonic dystrophy, jo int contractures from various
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FIG 17-1 Frontal view of a fetus in a longitudinal lie with fetal vertex 
flexed on the neck.

etiologies, arthrogryposis, oligohydramnios, and fetal neurologic 
dysfunction that result in decreased fetal muscle tone, strength, 
or activity are also associated with an increased incidence of fetal 
malpresentation. Finally, the cephalopelvic disproportion associ
ated with severe fetal hydrocephalus or with a contracted mater
nal pelvis may be implicated as an etiology of malpresentation 
because normal engagement of the fetal head is prevented.

ABNORMAL AXIAL LIE
The fetal lie indicates the orientation o f the fetal spine 
relative to the spine o f the mother. The normal fetal lie is 
longitudinal and by itself does not indicate whether the pre
sentation is cephalic or breech. If the fetal spine or long axis 
crosses that of the mother, the fetus may be said to occupy a 
transverse or oblique lie (Fig. 17-3), which may cause an arm, 
foot, or shoulder to be the presenting part (Fig. 17-4). The lie 
may be termed unstable if  the fetal membranes are intact and 
fetal mobility is increased, which results in frequent changes of 
lie and/or presentation.

Abnormal fetal lie is diagnosed in approximately 1 in 300 
cases, or 0.33%  o f pregnancies at term. Prematurity is often 
a factor, with abnormal lie reported to occur in about 2% o f  
pregnancies at 32 weeks’ gestation— six times the rate found 
at term. Persistence of a transverse, oblique, or unstable lie 
beyond 37 weeks’ gestation requires a systematic clinical assess
ment and a plan for management; this is because rupture of the 
membranes without a fetal part filling the inlet of the pelvis 
poses an increased risk of cord prolapse, fetal compromise, and 
maternal morbidity if  neglected.

As noted, great parity, prematurity, contraction or defor
mity o f the maternal pelvis, and abnormal placentation are

FIG 17-2 Either the high fundal or low implantation of the placenta, as FIG 17-3 A fetus may lie on a longitudinal, oblique, or transverse axis,
illustrated here, would normally be in the vertical orientation of the as illustrated. The lie does not indicate whether the vertex or the
intrauterine cavity and increase the probability of a malpresentation. breech is closest to the cervix.
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the most commonly reported clinical factors associated with 
abnormal lie; however, it often happens that none of these 
factors are present. In fact, any condition that alters the normal 
vertical polarity of the intrauterine cavity will predispose to 
abnormal lie.

Diagnosis of the abnormal lie may be made by palpation 
using Leopold maneuvers or by vaginal examination verified by 
ultrasound. Whereas routine use of Leopold maneuvers may 
be helpful, Thorp and colleagues1 found the sensitivity o f 
Leopold maneuvers for the detection o f malpresentation 
to be only 28% , and the positive predictive value was 
only 24%  compared with immediate ultrasound verification. 
Others have observed prenatal detection in as few as 41% of 
cases before labor. Adaptations have been made to the Leopold 
maneuvers that may improve detection of an abnormal lie or 
presentation. The Sharma modified Leopold maneuver and the 
Sharma right and left lateral maneuvers in the original report2 
demonstrated improved diagnostic accuracy; they detected 
vertex presenting occipitoanterior (95% vs. 84.4%, P  = .04), 
posterior presentations (96.3% vs. 66.6% , P  = .00012), and 
breech presentations correctly more often than with traditional 
Leopold maneuvers. These maneuvers use the forearms in addi
tion to the hands and fingers. As with any abdominal palpation 
technique, limitations on accuracy are to be expected in the 
obese patient and in a patient with uterine myomata. The 
ready availability o f ultrasound in most clinical settings is of 
benefit, and its use can obviate the vagaries o f the abdominal 
palpation techniques. In all situations, early diagnosis o f  
malpresentation is o f benefit. A reported fetal loss rate of 9.2% 
with an early diagnosis, versus a loss rate of 27.5%  with a 
delayed diagnosis, indicates that early diagnosis improves fetal 
outcome.

Reported perinatal mortality rates for unstable or transverse 
lie (corrected for lethal malformations and extreme prema
turity) vary from 3.9% to 24%, with maternal mortality as 
high as 10%. Maternal deaths are usually related to infection 
after premature rupture of membranes (PROM), hemorrhage 
secondary to abnormal placentation, complications of operative

intervention for cephalopelvic disproportion, or traumatic deliv
ery. Fetal loss of phenotypically and chromosomally normal 
gestations at ages considered to be viable is primarily associated 
with delayed interventions, prolapsed cord, or traumatic deliv
ery. Cord prolapse occurs 20 times as often with abnormal 
lie as it does with a cephalic presentation.

MANAGEMENT OF A SINGLETON GESTATION
Safe vaginal delivery of a fetus from an abnormal axial lie is 
not generally possible. A search for the etiology of the malpre
sentation is always indicated. A transverse/oblique or unstable 
lie late in the third trimester necessitates ultrasound examina
tion to exclude a major fetal malformation and abnormal pla
centation. Fortunately, most cases of major fetal anomalies or 
abnormal placentation can now be diagnosed long before the 
third trimester. Phelan and colleagues3 reported 29 patients 
with transverse lie diagnosed at or beyond 37 weeks’ gestation 
and managed expectantly, and 83% (24 of 29) spontaneously 
converted to breech (9 of 24) or vertex (15 of 24) before 
labor; however, the overall cesarean delivery rate was 45%, with 
two cases of cord prolapse, one uterine rupture, and one neona
tal death. External cephalic version (ECV) is recommended 
at 36 to 37 weeks to help diminish the risk o f adverse 
outcome.

In cases of an abnormal lie, the risk of fetal death varies 
with the obstetric intervention. Fetal mortality should approach 
zero for cesarean birth but has been reported to be as high as 
10% in older reports and between 25% and 90% when IPV and 
breech extraction are performed. ECV has been found to be 
safe and relatively efficacious1 and is further discussed later in 
this chapter. If external version is unsuccessful or unavailable, if 
spontaneous rupture of the membranes occurs, or if  active labor 
has begun with an abnormal lie, cesarean delivery is the treat
ment of choice for the potentially viable infant. There is no place 
for IPV and breech extraction in the management of transverse 
or oblique lie or in an unstable presentation in a singleton preg
nancy because of the unacceptably high rate of fetal and mater
nal complications.

A persistent abnormal axial lie, particularly if  accompanied 
by ruptured membranes, also alters the choice of uterine incision 
at cesarean delivery. A low transverse (Kerr) uterine incision 
has many surgical advantages and is generally the preferred 
approach for cesarean delivery for an abnormal lie (see 
Chapter 19). Because up to 25% of transverse incisions may 
require vertical extension for delivery of an infant from an 
abnormal lie, and the lower uterine segment is often poorly 
developed and insufficiently broad such that a traumatic delivery 
of the presenting part is made more difficult, other uterine inci
sions may be considered. A “J ” or “T ” extension of the low 
transverse incision results in a uterine scar that is more suscep
tible to subsequent rupture due to poor vascularization. There
fore in the uncommon case o f a transverse or oblique lie with 
a poorly developed lower uterine segment, when a transverse 
incision is deemed unfeasible or inadequate, a vertical inci
sion (low vertical or classical) may be a reasonable alterna
tive. Intraoperative cephalic version may allow the use of a low 
transverse incision, but ruptured membranes or oligohydram
nios may make this difficult. Uterine relaxing agents such as 
inhalational anesthetics or intravenous (IV) nitroglycerin may 
improve success of these maneuvers if  the difficulty is attribut
able to a contracted uterine fundus.
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DEFLECTION ATTITUDES
Attitude refers to the position o f the fetal head in relation to 
the neck. The normal attitude o f the fetal head during labor 
is one o f full flexion with the fetal chin against the upper 
chest. Deflexed attitudes include various degrees of deflection 
or even extension of the fetal neck and head (Fig. 17-5), leading 
to, for example, face or brow presentations. Spontaneous conver
sion to a more normal, flexed attitude or further extension of an 
intermediate deflection to a fully extended position commonly 
occurs as labor progresses owing to resistance exerted by the 
bony pelvis and soft tissues. Although safe vaginal delivery is 
possible in many cases, experience indicates that cesarean

FIG 17-5 The normal "attitude" (top) shows the fetal vertex flexed on 
the neck. Partial deflexion (middle) shows the fetal vertex intermedi
ate between flexion and extension. Full deflexion (towei) shows the 
fetal vertex completely extended with the face presenting.

delivery may be the most appropriate alternative when arrest 
of progress is observed.

FACE PRESENTATION
A face presentation is characterized by a longitudinal lie and 
full extension o f the fetal neck and head with the occiput 
against the upper back (Fig. 17-6). The fetal chin (mentum) 
is chosen as the point o f designation during vaginal examina
tion. For example, a fetus presenting by the face whose chin 
is in the right posterior quadrant of the maternal pelvis would 
be called a right mentum posterior (Fig. 17-7). The reported 
incidence of face presentation ranges from 0.14% to 0.54% and 
averages about 0.2% , or 1 in 500 live births overall.5,6 The 
reported perinatal mortality rate, corrected for nonviable mal
formations and extreme prematurity, varies from 0.6% to 5% 
and averages about 2% to 3%.

All clinical factors known to increase the general rate o f 
malpresentation have been implicated in face presentation; 
many infants with a face presentation have malformations. 
Anencephaly, for instance, is found in about one third of cases 
of face presentation. Fetal goiter and tumors of the soft tissues 
of the head and neck may also cause deflexion of the head. 
Frequently observed maternal factors include a contracted pelvis 
or cephalopelvic disproportion in 10% to 40% of cases. In a 
review of face presentation, D uff found that one of these etio- 
logic factors was found in up to 90% of cases.

Early recognition of the face presentation is important, and 
the diagnosis can be suspected when abdominal palpation finds 
the fetal cephalic prominence on the same side of the maternal 
abdomen as the fetal back (Fig. 17-8); however, face presen
tation is more often discovered by vaginal examination. In 
practice, fewer than 1 in 20 infants with face presentation is 
diagnosed by abdominal examination. In fact, only half of these 
infants are found by any means to have a face presentation before 
the second stage of labor, and half of the remaining cases are

FIG 17-6 This fetus with the vertex completely extended on the neck 
enters the maternal pelvis in a face presentation. The cephalic promi
nence would be palpable on the same side of the maternal abdomen 
as the fetal spine.
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RMP MA LMT

FIG 17-7 The point of designation from digital examination in the case of a face presentation is the fetal chin relative to the maternal pelvis. Left, 
right mentum posterior (RMP); middle, mentum anterior (MA); right, left mentum transverse (LMT).

FIG 17-8 Palpation of the maternal abdomen in the case of a face presentation should find the fetal cephalic prominence on the side away from 
the fetal small parts, instead of on the same side, as in the case of a normally flexed fetal neck and head.

undiagnosed until delivery. However, perinatal mortality may be 
higher with late diagnosis.

Mechanism of Labor
Knowledge of the early mechanism of labor for face presentation 
is incomplete. M any infants with a face presentation probably 
begin labor in the less extended brow position. W ith descent 
into the pelvis, the forces of labor press the fetus against maternal 
tissues; subsequent flexion (to a vertex presentation) or full 
extension of the head on the spine (to a face presentation) then 
occurs. The labor o f a face presentation must include engage
ment, descent, internal rotation generally to a mentum ante
rior position, and delivery by flexion as the chin passes under 
the symphysis (Fig. 17-9). However, flexion of the occiput may 
not always occur, and delivery in the fully extended attitude may 
be common.

The prognosis for labor with a face presentation depends 
on the orientation o f the fetal chin. At diagnosis, 60% to 80%
of infants with a face presentation are mentum anterior,6 10% 
to 12% are mentum transverse,7 and 20% to 25% are mentum 
posterior.7 Almost all average-sized infants presenting mentum

anterior with adequate maternal pelvic dimensions will achieve 
spontaneous or assisted vaginal delivery. Furthermore, most 
mentum transverse infants w ill rotate to the mentum anterior 
position and will deliver vaginally, and even 25% to 33% of 
mentum posterior infants will rotate and deliver vaginally in the 
mentum anterior position. In a review of 51 cases of persistent 
face presentation, Schwartz and colleagues7 found that the mean 
birthweight of those infants in a mentum posterior position 
who did rotate and deliver vaginally was 3425 g, compared with 
3792 g for those infants who did not rotate and deliver vaginally. 
Persistence o f the mentum posterior position with an infant 
of normal size, however, makes safe vaginal delivery less 
likely. Overall, 70%  to 80%  o f infants with a face presenting 
can be delivered vaginally, either spontaneously or by low 
forceps in the hands o f a skilled operator, whereas 12%  to 
30%  require cesarean delivery. M anual attempts to convert the 
face to a flexed attitude or to rotate a posterior position to a 
more favorable mentum anterior position are rarely successful 
and increase both maternal and fetal risks.5 Again, IPV and 
breech extraction for face presentation historically are associated 
with unacceptably high fetal loss rates. Maternal deaths from
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FIG 17-9 Engagement, descent, and internal rotation remain cardinal 
elements of vaginal delivery in the case of a face presentation, but 
successful vaginal delivery of a term-size fetus presenting a face 
generally requires delivery by flexion under the symphysis from a 
mentum anterior position, as illustrated here.

uterine rupture and trauma have also been documented. Thus 
contemporary management through spontaneous delivery and 
cesarean delivery for other obstetric indications as necessary are 
the preferred routes for both maternal and fetal safety.5

Prolonged labor is a common feature o f face presentation 
and has been associated with an increased number o f intra
partum deaths; therefore prompt attention to an arrested labor 
pattern is recommended. In the case of an average or small 
fetus, an adequate pelvis, and hypotonic labor, oxytocin may 
be considered. No absolute contraindication to oxytocin aug
mentation of hypotonic labor in face presentations exists, but 
an arrest of progress despite adequate labor should call for cesar
ean delivery.

Worsening of the fetal condition in labor is common. Salz- 
mann and colleagues observed a tenfold increase in fetal com
promise with face presentation. Several other observers have 
also found that abnormal fetal heart rate (FHR) patterns occur 
more often with face presentation.5,6 Continuous intrapartum 
electronic FHR monitoring of a fetus with face presentation is 
considered mandatory, but extreme care must be exercised in the 
placement of an electrode because ocular or cosmetic damage is 
possible. If external Doppler heart rate monitoring is inade
quate and an internal electrode is recommended, placement 
of the electrode on the fetal chin is often preferred.

FIG 17-10 This fetus is in a brow presentation in a frontum anterior 
position. The head is in an intermediate deflexion attitude.

Contraindications to vaginal delivery of a face presentation 
include macrosomia, nonreassurance of FHR monitoring even 
without arrested or protracted labor, or an inadequate maternal 
pelvis; cesarean delivery has been reported in as many as 60% 
of cases of face presentation for these reasons.6 If cesarean deliv
ery is warranted, care should be taken to flex the head gently, 
both to accomplish elevation of the head through the hyster
otomy incision as well as to avoid potential cervical nerve 
damage to the neonate. Forced flexion may also result in fetal 
injury, especially with fetal goiter or neck tumors.

Fetal laryngeal and tracheal edema that results from the 
pressure o f the birth process might require immediate naso
tracheal intubation. Nuchal tumors or simple goiters, fetal 
anomalies that might have caused the malpresentation, require 
expert neonatal management, including the possibility of an ex 
utero intrapartum treatment (EXIT) procedure, which estab
lishes a fetal/neonatal airway before the umbilical cord is 
clamped. Identification of and planning for these particular 
circumstances in the prelabor setting are ideal.

BROW PRESENTATION
A fetus in a brow presentation occupies a longitudinal 
axis with a partially deflexed cephalic attitude midway 
between full flexion and full extension (Fig. 17-10). The 
frontal bones are the point o f designation. If the anterior 
fontanel is on the mother’s left side, with the sagittal suture in 
the transverse pelvic axis, the fetus would be in a left frontum 
transverse position (Fig. 17-11). The reported incidence of 
brow presentation varies widely, from 1 in 670 to 1 in 3433, 
averaging about 1 in 1500 deliveries. Brow presentation is 
detected more often in early labor before flexion occurs to a 
normal attitude. Less frequently, further extension results in a 
face presentation.

In 1976, the perinatal mortality rate corrected for lethal 
anomalies and very low birthweight varied from 1% to 8%.8 
In a study of 88,988 deliveries, corrected perinatal mortality 
rates for brow presentations depended on the mode of delivery; 
a loss rate of 16%, the highest in this study, was associated with 
manipulative vaginal birth.
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LFT FA LFA

FIG 17-11 In brow presentation, the anterior fontanel (frontum) relative to the maternal pelvis is the point of designation. Left, fetus in left frontum 
transverse (LFT); middle, frontum anterior (FA); right, left frontum anterior (LFA).

In general, factors that delay engagement are associated 
with persistent brow presentation. Cephalopelvic dispropor
tion, prematurity, and high parity are often found and have 
been implicated in more than 60%  o f cases o f persistent brow 
presentation.

Detection of a brow presentation by abdominal palpation is 
unusual in practice. More often, a brow presentation is detected 
on vaginal examination. As in the case of a face presentation, 
diagnosis in labor is more likely. Fewer than 50%  o f brow 
presentations are detected before the second stage o f labor, 
and most o f the remainder are undiagnosed until delivery. 
Frontum anterior is reportedly the most common position at 
diagnosis, occurring about twice as often as either transverse or 
posterior positions. Although the initial position at diagnosis 
may be of limited prognostic value, the cesarean delivery rate is 
higher with frontum transverse or frontum posterior than with 
frontum anterior positioning.

A persistent brow presentation requires engagement and 
descent o f the largest (mento-occipital) diameter o f the fetal 
head. This process is possible only with a large pelvis or a 
small infant, or both. However, most brow presentations 
convert spontaneously by flexion or further extension to 
either a vertex or a face presentation and are then managed 
accordingly. The earlier the diagnosis is made, the more likely 
conversion will occur spontaneously. Fewer than half of 
fetuses with persistent brow presentations undergo spontane
ous vaginal delivery, but in most cases, a trial of labor is not 
contraindicated.8

Prolonged labors have been observed in 33% to 50% of 
brow presentations, and secondary arrest is not uncommon. 
Forced conversion of the brow to a more favorable position with 
forceps is contraindicated, as are attempts at manual conversion. 
One unexpected cause of persistent brow presentation may be 
an open fetal mouth pressed against the vaginal wall, splinting 
the head and preventing either flexion or extension (Fig. 17-12). 
Although this is rare in phenotypically normal fetuses, it needs 
to be considered in anomalous conditions of the fetus such as 
epignathus, a rare oropharyngeal teratoma.

Similar to face presentations, minimal manipulation yields 
the best results if  the FHR pattern remains reassuring. Expect
ant management may be justified, preferably with a relatively 
large pelvis in relation to fetal size and adequate labor progress, 
according to one large study.9 If a brow presentation persists with

a large baby, successful vaginal delivery is unlikely, and cesarean 
delivery may be most prudent.

Radiographic or computed tomographic (CT) pelvimetry is 
not used clinically, and one report states that although 91% of 
cases with adequate pelvimetry converted to a vertex or a face 
presentation and delivered vaginally, 20% with some form 
of pelvic contracture did also. Therefore regardless o f pelvic 
dimensions, consideration o f a trial o f labor with careful 
monitoring o f maternal and fetal condition may be appropri
ate. As in the case of a face presentation, oxytocin may be used 
cautiously to correct hypotonic contractions, but prompt 
resumption of progress toward delivery should follow.

COMPOUND PRESENTATION
Whenever an extremity, most commonly an upper extremity, 
is found prolapsed beside the main presenting fetal part, 
the situation is referred to as a compound presentation 
(Fig. 17-13). The reported incidence ranges from 1 in 377 to
1 in 1213 deliveries. The combination o f an upper extremity 
and the vertex is the most common.

This diagnosis should be suspected with any arrest of labor 
in the active phase or failure to engage during active labor. 
Diagnosis is made on vaginal examination by discovery of an 
irregular mobile tissue mass adjacent to the larger presenting 
part. Recognition late in labor is common, and as many as 50% 
of persisting compound presentations are not detected until the 
second stage. Delay in diagnosis may not be detrimental because 
it is likely that only the persistent cases require intervention.

Although maternal age, race, parity, and pelvic size have 
been associated with compound presentation, prematurity is 
the most consistent clinical finding. The very small premature 
fetus is at great risk of persistent compound presentation. In late 
pregnancy, ECV of a fetus in breech position increases the risk 
of a compound presentation.

Older, uncontrolled studies report elevated perinatal mortal
ity rates with a compound presentation, with an overall rate 
of 93 per 1000. Higher loss rates of 17% to 19% have been 
reported when the foot prolapses. As with other malpresenta
tions, fetal risk is directly related to the method of management. 
A fetal mortality rate of 4.8% has been noted if  no intervention 
is required compared with 14.4% with intervention other than 
cesarean delivery. A 30% fetal mortality rate has been observed
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FIG 17-12 The open fetal mouth against the vaginal sidewall may brace the head in the intermediate deflexion attitude as shown here.

FIG 17-13 The compound presentation of an upper extremity and the 
vertex illustrated here most often spontaneously resolves with further 
labor and descent.

with IPV and breech extraction. These figures may demonstrate 
selection bias because it is possible that more often, the difficult 
cases were chosen for manipulative intervention. When inter
vention is necessary, cesarean delivery appears to be the only 
safe choice.

Fetal risk in compound presentation is specifically associated 
with birth trauma and cord prolapse. Cord prolapse occurs in

11%  to 20%  o f cases, and it is the most frequent complica
tion o f this malpresentation. Cord prolapse probably occurs 
because the compound extremity splints the larger presenting 
part and results in an irregular fetal aggregate that incompletely 
fills the pelvic inlet. In addition to the hypoxic risk of cord 
prolapse, common fetal morbidity includes neurologic and 
musculoskeletal damage to the involved extremity. Maternal 
risks include soft tissue damage and obstetric laceration. Again, 
although laboring is not proscribed, the prolapsed extremity 
should not be manipulated. However, it may spontaneously 
retract as the major presenting part descends. Seventy-five 
percent of vertex/upper extremity combinations deliver sponta
neously. Occult or obscured cord prolapse is possible, and there
fore continuous electronic FHR monitoring is recommended.

The primary indications for surgical intervention (i.e., cesar
ean delivery) are cord prolapse, nonreassuring FHR patterns, 
and arrest of labor. Cesarean delivery is the only appropriate 
clinical intervention for cord prolapse and nonreassuring 
FHR patterns because both version extraction and reposi
tioning the prolapsed extremity are associated with adverse 
outcome and should be avoided. From 2% to 25% of com
pound presentations require cesarean delivery. Protraction of the 
second stage of labor and dysfunctional labor patterns have been 
noted to occur more frequently with persistent compound pre
sentations. As in other malpresentations, spontaneous resolution 
occurs more often, and surgical intervention is less frequently 
necessary in those cases diagnosed early in labor. Small or pre
mature fetuses are more likely to have persistent compound 
presentations but are also more likely to have a successful vaginal 
delivery. Persistent compound presentation with parts other 
than the vertex and hand in combination in a term-sized 
infant has a poor prognosis for safe vaginal delivery, and 
cesarean delivery is usually necessary. However, a simple
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compound presentation (e.g., hand) may be allowed to labor, if 
labor is progressing normally with reassuring fetal status.

BREECH PRESENTATION
The infant presenting as a breech occupies a longitudinal axis 
with the cephalic pole in the uterine fundus. This presentation 
occurs in 3% to 4% of labors overall, although it is found in 
7% of pregnancies at 32 weeks and in 25% of pregnancies of 
less than 28 weeks’ duration.10 The three types of breech are 
noted in Table 17-1. The infant in the frank breech position is 
flexed at the hips with extended knees (pike position). The 
complete breech is flexed at both joints (tuck position), and the 
foo tlin g  or incomplete breech has one or both hips partially or 
fully extended (Fig. 17-14).

The diagnosis of breech presentation may be made by abdom
inal palpation or vaginal examination and confirmed by ultra
sound. Prematurity, fetal malformation, mullerian anomalies, 
and polar placentation are commonly observed causative 
factors. High rates of breech presentation are noted in certain 
fetal genetic disorders, including trisomies 13, 18, and 21; Potter 
syndrome; and myotonic dystrophy. Conditions that alter fetal 
muscular tone and mobility—such as increased and decreased 
amniotic fluid, for example— also increase the frequency of 
breech presentation. The breech head appears dolichocephalic 
on ultrasound, and for that reason, the biparietal diameter 
(BPD) appears small. However, the head circumference remains

TABLE 17-1 BREECH CATEGORIES

TYPE
OVERALL % 
OF BREECHES

RISK OF 
PROLAPSE (%)’

PREMATURE
(%)*

Frank 48-73*ft 0.5 38
Complete 4 .6-11.5n 4-6 12
Footling 12-38* 15-18 50

*Data from Collea JV, Chein C, Quilligan EJ. The randomized management of term 
frank breech presentation: a study of 208 cases. Am J  Obstet Gynecol. 1980;137:235-244. 
fData from Gimovsky ML, Wallace RL, Schifrin BS, Paul RH. Randomized management 
of the nonfrank breech presentation at term: a preliminary report. Am J  Obstet Gynecol. 
1983;146:34-40.
*Data from Brown L, Karrison T, Cibils LA. Mode of delivery and perinatal results in 
breech presentation. Am J  Obstet Gynecol. 1994;171:28-34.

unaffected. This difference may be as much as 16+ days (95% 
confidence interval [C l], 14.3 to 18.1; P=  .001)." Whereas the 
contracted BPD may affect ultrasound-determined weight esti
mates of the fetus, an occipitofrontal diameter (OFD) to BPD 
ratio of greater than 1.3 in the absence of other indicators 
of growth delay signals the deformation characteristic of the 
breech-presenting fetus. Approximately 80% of breech fetuses 
w ill have a dolichocephalic contour, previously termed the 
“breech head.”12 The fundus of the uterus assumes a more 
elongated contour than the bowl-like developed lower uterine 
segment. Thus it is believed that forces external to the fetus are 
responsible for this head shape. Because both dolichocephaly 
and breech may be associated with a genetically and phenotypi- 
cally anomalous fetus, it behooves the sonologist to perform a 
detailed survey of the fetal anatomy prior to assuming the pres
ence of the “breech head.”

Mechanism and Conduct of Labor 
and Vaginal Delivery
The two most important elements for the safe conduct of 
vaginal breech delivery are continuous electronic FHR moni
toring and noninterference until spontaneous delivery o f the 
breech to the umbilicus has occurred. Early in labor, the capa
bility for immediate cesarean delivery should be established. 
Anesthesia should be available, the operating room readied, and 
appropriate informed consent obtained (discussed later). Two 
obstetricians should be in attendance in addition to a pediatric 
team. Appropriate training and experience with vaginal breech 
delivery are fundamental to success. Although experience is 
becoming infinitely less common, simulation of breech deliver
ies will help to maintain these skills. The instrument table should 
be prepared in the customary manner, with the addition of Piper 
forceps and extra towels. No contraindication exists to epidural 
analgesia in labor, and many believe epidural anesthesia to be an 
asset in the control and conduct of the second stage.

The infant presenting in the frank breech position usually 
enters the pelvic inlet in one of the diagonal pelvic diameters 
(Fig. 17-15). Engagement has occurred when the bitrochan- 
teric diameter o f the fetus has progressed beyond the plane 
o f the pelvic inlet, although by vaginal examination, the

Complete breech Incomplete breech Frank breech

FIG 17-14 The complete breech is flexed at the hips and flexed at the knees. The incomplete breech shows incomplete deflexion of one or both 
knees or hips. The frank breech is flexed at the hips and extended at the knees.
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Left sacrum 
posterior position

Plane of inlet 

Midplane (spines)

Bitrochanteric axis 
in maternal right 
diagonal diameter

FIG 17-15 The breech typically enters the inlet with the bitrochanteric diameter aligned with one of the diagonal diameters, with the sacrum as 
the point of designation in the other diagonal diameter. This illustrates a left sacrum posterior alignment.

FIG 17-16 With labor and descent, the bitrochanteric diameter generally rotates toward the anteroposterior axis, and the sacrum rotates toward 
the transverse axis.

presenting part may be palpated only at a station o f —2 to —4  
(out o f 5). As the breech descends and encounters the levator 
ani muscular sling, internal rotation usually occurs to bring the 
bitrochanteric diameter into the anteroposterior (AP) axis of the 
pelvis. The point o f designation in a breech labor is the fetal 
sacrum; therefore when the bitrochanteric diameter is in the AP 
axis of the pelvis, the fetal sacrum will lie in the transverse pelvic 
diameter (Fig. 17-16).

If normal descent occurs, the breech will present at the outlet 
and will begin to emerge, first as sacrum transverse, then rotating 
to sacrum anterior. This direction of rotation may reflect the 
greater capacity of the hollow of the posterior pelvis to accept 
the fetal chest and small parts. Crowning occurs when the 
bitrochanteric diameter passes under the pubic symphysis. It is 
important to emphasize that operator intervention is not yet 
needed or helpful, other than possibly to perform the episiotomy 
if indicated and to encourage maternal expulsive efforts.

Premature or aggressive intervention may adversely affect 
the delivery in at least two ways. First, complete cervical 
dilation must be sustained for sufficient duration to retard

retraction o f the cervix and entrapment o f the aftercoming 
fetal head. Rushing the delivery o f the trunk may result in 
cervical retraction. Second, the safe descent and delivery o f 
the breech infant must be the result o f uterine and maternal 
expulsive forces only in order to maintain neck flexion. Any 
traction by the provider in an effort to speed delivery would 
encourage deflexion o f the neck and result in the presenta
tion o f the larger occipitofrontal fetal cranial profile to the 
pelvic inlet (Fig. 17-17). Such an event could be catastrophic. 
Rushed delivery also increases the risk o f a nuchal arm, with 
one or both arms trapped behind the head above the pelvic 
inlet. Entrapment of a nuchal arm makes safe vaginal delivery 
much more difficult because it dramatically increases the aggre
gate size of delivering fetal parts that must egress vaginally. Safe 
breech delivery of an average-sized infant, therefore, depends 
predominantly on maternal expulsive forces and patience, not 
traction, from the provider.

As the frank breech emerges further, the fetal thighs are typi
cally flexed firmly against the fetal abdomen, often splinting 
and protecting the umbilicus and cord. The Pinard maneuver
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378 Section III Intrapartum Care

FIG 17-17 The fetus emerges spontaneously (A), whereas uterine contractions maintain cephalic flexion. Premature aggressive traction (B) 
encourages deflexion of the fetal vertex and increases the risk of head entrapment or nuchal arm entrapment.

FIG 17-18 After spontaneous expulsion to the umbilicus, external rotation of each thigh (A) combined with opposite rotation of the fetal pelvis 
results in flexion of the knee and delivery of each leg (B).

may be needed to facilitate delivery o f the legs in a frank 
breech presentation. After delivery to the umbilicus has 
occurred, pressure is applied to the medial aspect o f the knee, 
which causes flexion and subsequent delivery o f the lower 
leg. Simultaneous to this, the fetal pelvis is rotated away from 
that side (Fig. 17-18). This results in external rotation of the 
thigh at the hip, flexion of the knee, and delivery of one leg at 
a time. The dual movement of counterclockwise rotation of the 
fetal pelvis as the operator externally rotates the right thigh and 
clockwise rotation of the fetal pelvis as the operator externally 
rotates the fetal left thigh is most effective in facilitating delivery. 
The fetal trunk is then wrapped with a towel to provide secure 
support of the body while further descent results from expulsive 
forces from the mother. The operator primarily facilitates the 
delivery of the fetus by providing support and guiding the body 
through the introitus. The operator is not applying outward

traction on the fetus, which might result in deflexion of the fetal 
head or nuchal arm.

W hen the scapulae appear at the introitus, the operator may 
slip a hand over the fetal shoulder from the back (Fig. 17-19); 
follow the humerus; and, with movement from medial to lateral, 
sweep first one and then the other arm across the chest and out 
over the perineum. Gentle rotation of the fetal trunk counter
clockwise assists delivery of the right arm, and clockwise rotation 
assists delivery of the left arm (turning the body “into” the arm). 
This accomplishes delivery of the arms by drawing them across 
the fetal chest in a fashion similar to that used for delivery of 
the legs (Fig. 17-20). These movements cause the fetal elbow to 
emerge first, followed by the forearm and hand. Once both arms 
have been delivered, if  the vertex has remained flexed on the 
neck, the chin and face will appear at the outlet, and the airway 
may be cleared and suctioned (Fig. 17-21).
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A

Access to airway

Avoid
overextension

B

FIG 17-19 When the scapulae appear under the symphysis, the opera
tor reaches over the left shoulder, sweeps the arm across the chest 
(A), and delivers the arm (B).

FIG 17-21 Following delivery of the arms, the fetus is wrapped in a 
towel for control and is slightly elevated. The fetal face and airway 
may be visible over the perineum. Excessive elevation of the trunk is 
avoided.

FIG 17-20 Gentle rotation of the shoulder girdle facilitates delivery of 
the right arm.

W ith further maternal expulsive forces alone, spontaneous 
controlled delivery of the fetal head often occurs. If not, delivery 
may be accomplished with a simple manual effort to maximize 
flexion of the vertex using pressure on the fetal maxilla (not the 
mandible), the Mauriceau-Smellie-Veit maneuver, using gentle

FIG 17-22 Cephalic flexion is maintained by pressure (black arrovA on 
the fetal maxilla, not the mandible. Often, delivery of the head is easily 
accomplished with continued expulsive forces from above and gentle 
downward traction.

downward traction along with suprapubic pressure (Crede 
maneuver; Fig. 17-22). Although maxillary pressure facilitates 
flexion, the main force effecting delivery remains the mother.

Alternatively, the operator may apply Piper forceps to the 
aftercoming head. The application requires very slight elevation 
of the fetal trunk by the assistant, while the operator kneels and 
applies the Piper forceps from beneath the fetus directly to the 
fetal head in the pelvis. Delivery of the breech presenting fetus, 
therefore, should occur on a table/bed capable of allowing the 
operators to correctly position themselves for the application of 
forceps. Direct access to the perineum is required. If a delivery 
bed is used, merely dropping the foot of the bed will be inad
equate. The position of the operator for applying the forceps is 
depicted in Figure 17-23, which also demonstrates how excessive 
elevation by the assistant may potentially cause harm to the 
neonate. Hyperextension of the fetal neck from excessive eleva
tion of the fetal trunk, shown in Figure 17-23, should be avoided 
because of the potential for spinal cord injury.

Piper forceps are characterized by absence of pelvic curvature. 
This modification allows direct application to the fetal head and
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380 Section III Intrapartum Care

FIG 17-23 Demonstration of incorrect assistance during the application of Piper forceps. The assistant hyperextends the fetal neck, a position 
that increases the risk for neurologic injury.

FIG 17-24 The fetus may be laid on the forceps and delivered with gentle downward traction, as illustrated here.

avoids conflict with the fetal body that would occur with the 
application of standard instruments from below. The assistant 
maintains control of the fetal body while the forceps are inserted 
into the vagina from beneath the fetus by the primary operator. 
The blade to be placed on the maternal left is held by the handle 
in the operator’s left hand; the blade is inserted with the opera
tor’s right hand in the vagina along the left maternal sidewall 
and is placed against the right fetal parietal bone. The handle of 
the right blade is then held in the operator’s right hand and is 
inserted by the left hand along the right maternal sidewall and 
placed against the left fetal parietal bone. At this point, the

assistant allows the fetal body to rest on the shank and handles 
of the forceps. Gentle downward traction on the forceps with 
the fetal trunk supported on the forceps shanks results in con
trolled delivery of the vertex (Fig. 17-24). Forceps application 
controls the fetal head and prevents extension of the head on 
the neck. Application of Piper forceps to the aftercoming head 
may be advisable both to ensure control of the delivery and to 
maintain optimal operator proficiency in anticipation of deliver
ies that may require their use.

Arrest o f spontaneous progress in labor with adequate 
uterine contractions necessitates consideration o f cesarean

ak
us

he
r-li

b.r
u



Chapter 17 Malpresentations 381

delivery. Any evidence of fetal compromise or sustained cord 
compression on the basis of continuous electronic FHR moni
toring also requires consideration of cesarean delivery. Vaginal 
interventions directed at facilitating delivery of the breech com
plicated by an arrest of spontaneous progress are discouraged 
because fetal and maternal morbidity and mortality are both 
greatly increased. However, if  labor is deemed to be hypotonic 
by internally monitored uterine pressures, oxytocin is not 
contraindicated.13’14

Mechanisms of descent and delivery of the incomplete and 
the complete breech are not unlike those used for the frank 
breech described earlier; at least one leg may not require atten
tion. The risk of cord prolapse or entanglement is greater, and 
hence the possibility of emergency cesarean delivery is increased. 
Furthermore, incomplete and complete breeches may not be as 
effective as cervical dilators as either the vertex or the larger 
aggregate profile of the thighs and buttocks of the frank breech. 
Thus the risk of entrapment of the aftercoming head is increased, 
and as a result, primary cesarean delivery is often advocated 
for nonfrank breech presentations. However, the randomized 
trial of Gimovsky and colleagues15 found vaginal delivery of the 
nonfrank breech to be reasonably safe.

Contemporary Management 
of the Term Breech
Debate has largely diminished about the proper management of 
the term breech. Much of the older data were derived from rela
tively few studies of varied methodologies, patient populations, 
and multiple retrospective cohort analyses, which are subject 
to bias. These reports indicated that the perinatal mortality rate 
for the vaginally delivered breech appears to be greater than for 
its cephalic counterpart, but much of the reported perinatal 
mortality rate associated with breech presentation was largely 
due to lethal anomalies and complications of prematurity, 
both of which are found more frequently among breech infants. 
Excluding anomalies and extreme prematurity, the corrected 
perinatal mortality reported by some investigators approached 
zero regardless of the method of delivery, whereas others 
found that even with exclusion of these factors, the term breech 
infant has been found to be at higher risk for birth trauma 
and asphyxia.16 To date, only three randomized trials have 
been reported.13'15 Although conclusions regarding the safety 
of breech vaginal delivery from a fetal standpoint may continue 
to vary, the practical reality today is that intentional vaginal 
breech delivery is rare. A summary of some of the reported 
complications is listed in Table 17-2. Overall, consideration of 
a potential breech vaginal delivery must be mutually agreed 
on by the patient and the physician after complete informed 
consent is obtained.

Further Discussion of Delivery for the Term 
Frank or Complete Breech
The cesarean delivery rate for breech presentation approached 
90% in some centers in the mid-1970s without a consequent 
proportionate drop in the perinatal mortality rate. Maternal 
mortality is clearly higher with cesarean delivery and ranges from 
0.2% to 0 .43% .10 W ith an older, more obese, sicker maternal 
population who have more chronic medical problems and have 
sustained more cesarean deliveries, we can expect this rate to 
further increase. Maternal morbidity is also higher with cesarean 
delivery. Some institutions reported a 50% incidence of post
cesarean maternal morbidity compared with as little as 5% with

TABLE 17-2 INCIDENCE OF COMPLICATIONS SEEN 
WITH BREECH PRESENTATION

COMPLICATION INCIDENCE

Intrapartum fetal death Increased 16-fold23
Perinatal mortality 1.3%20
Intrapartum asphyxia Increased 3.8-fold31
Cord prolapse Increased 5- to 20-fold14’15

1.3%20
Birth trauma Increased 13-fold14

1.4%20
Dystocia, difficulty delivering head 4.6%20 to 8.8%14
Spinal cord injuries with extended head 21%
Major anomalies 6% to 18%31
Prematurity 16% to 33%22’25
Hyperextension of head 5%
Fetal heart rate abnormalities 15.2%20

TABLE 17-3 ZATUCHNI-ANDROS SYSTEM

FACTOR 0 1 2

Parity Nullipara Multipara Multipara
Gestational age 39 38 37
Estimated fetal weight 8 lb 7-8 lb 7 1b
Previous breech No One Two
Dilation (cm) 2 3 >4
Station - 3  or greater -2 —1 or less

From Zatuchni GI, Andros GJ. Prognostic index for vaginal delivery in breech 
presentation at term. Am J  Obstet Gynecol. 1965;93:237.

vaginal delivery.101 In an attempt to balance both maternal 
and fetal risks, plans were proposed to select appropriate 
candidates for a trial o f labor.

In 1965, Zatuchni and Andros' retrospectively analyzed 
182 breech births, of which 25 infants had poor outcomes. 
These investigators devised a score based on six clinical variables 
at the time of admission (Table 17-3) that identified those pa
tients destined to manifest difficulties in labor, for whom prompt 
and appropriate interventions could be made. The score used 
parity, gestational age, estimated weight, prior successful 
breech vaginal delivery, dilation, and station to ascertain 
likelihood o f successful vaginal delivery. However, the parturi
ent could increase the score by presenting later in labor; other 
factors that affect the score are less modifiable. At least three 
subsequent prospective studies applied the Zatuchni-Andros 
system and found it to be both sensitive and accurate in selecting 
candidates for successful vaginal delivery.l s A Zatuchni-Andros 
score o f less than 4 in these studies accurately predicted poor 
outcomes in patients with infants presenting as a breech. 
Furthermore, in applying the scoring system, only 21% to 
27% of patients failed to qualify for a trial of labor.18 Previous 
breech delivery, one of the items scored in the Zatuchni-Andros 
system, has a significant odds ratio (OR) for recurrence of breech 
(4.32; 95% C l, 4.08 to 4.59) after one breech delivery, and the 
OR jumps up to 28.1 after three (95% C l, 12.2 to 64.8). How
ever, this study did not control for recurrent causes of breech 
presentation such as uterine malformations and abnormal 
placentation.19

Because most reports of breech delivery are level II to III 
evidence, their validity and, most importantly, their universal 
applicability may be questioned. M any data were gathered 
before electronic FHR monitoring became commonplace. Until 
the year 2000, only one randomized trial (level I evidence) had 
examined term frank breech and method of delivery.13 Improved
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perinatal survival had been reported for breeches delivered by 
cesarean section, and some evidence, although inconsistent, sug
gests that the method of delivery may also have an impact on 
the quality of survival.16 Functional neurologic defects were 
found by 2 years of age in 24% of breech infants born vaginally 
but only in 2.5% of those breech weight- and age-matched 
infants born by cesarean delivery.20 However, in comparing 175 
breech infants with a 94% cesarean delivery rate with 595 his
toric controls with a 22% rate of abdominal delivery, Green and 
colleagues21 found no significant differences in outcome. Neu
rologic outcomes were reviewed for 239 of 348 infants delivered 
from breech position.22 Examinations performed at 3 to 10 years 
of age showed no statistically significant neurologic differences 
between neonates delivered by vaginal breech versus matched 
vertex controls. Thus, these authors concluded that breech 
outcomes relate to degree o f prematurity, maternal preg
nancy complications, and fetal malformations as well as to 
birth trauma or asphyxia. A 2009 Norwegian study23 demon
strated that breech presentation and  breech delivery are signifi
cant risk factors for cerebral palsy and represent a trend toward 
increasing risk for cerebral palsy among singletons born at term 
in breech by vaginal delivery (nearly fourfold). This adds to the 
body of literature that demonstrates that breech-presenting 
fetuses are already at increased risk for neurologic adversity, 
even when controlled for birth order, prematurity, smallness 
for gestational age, assisted reproduction, sex, and route 
o f delivery.

Pelvimetry is frequently used when deciding whether to allow 
a trial of labor in a breech presenting fetus. C linical pelvimetry 
is an acceptable technique that can be used to determine the 
dimensions of the mid pelvis, the outlet, and the inlet by way 
of surrogate measurement (the obstetric conjugate). The reader 
is referred to the Intrapartum Care section and Chapter 12, on 
normal labor and delivery, for discussion and demonstration 
of clinical pelvimetry. Radiographic pelvimetry has been 
included in the management o f the breech presentation with 
little objective validation. Regardless, it is expected to predict 
successful vaginal delivery when adequate pelvic dimensions are 
present. At least four techniques for pelvimetry are commonly 
used worldwide: these include (1) conventional plain-film radi
ography using up to three films; (2) CT with up to three views 
that include lateral, AP, and axial slice; (3) magnetic resonance 
imaging (MRI); and (4) digital fluorography, which is not pres
ently used in the United States. MRI is the only technique not 
associated with radiation exposure, and CT pelvimetry using a 
single lateral view results in the lowest exposure dose; air-gap 
technique with conventional radiography will lower the radia
tion dosage, and current trends show a move toward the lower- 
dose CT techniques of up to three images.

The clinician must possess the necessary training and experi
ence to offer a patient with a persistent breech presentation a 
trial of labor. Furthermore, the relationship between the patient 
and the clinician should be well established, and the discussions 
of risks and benefits must be objective and nondirective with 
accurate documentation of the discussion. If any of these factors 
are lacking, cesarean delivery becomes the safer choice. However, 
even if a clinician has made the choice that he or she will never 
prospectively offer a patient with breech presentation a trial of 
labor, the burden of responsibility to know and understand the 
mechanism and management of a breech delivery is not relieved. 
No one active in obstetrics will avoid the occasional emergency 
breech delivery. Regular review of principles and practice with

BOX 17 -1 MANAGEMENT OF BREECH PRESENTATION

A  tr ia l o f la b o r m a y  be c o n s id e re d  if  th e  fo llo w in g  c o n d itio n s  
are m et:
• EFW  is be tw e en  2000 and 3800 g
• P re se n ta tio n  is a fra n k  breech
• M a te rn a l p e lv is  is a dequa te
• Fetal neck and head are fle xe d
• Fetal m o n ito r in g  is used
• Z a tu c h n i-A n d ro s  sco re  is >4
• R apid cesarean d e liv e ry  is p o ss ib le
• G ood  p ro g re ss  is m a in ta in e d  in la b o r
• E xperience  and  tra in in g  are a va ilab le
• In fo rm e d  co n se n t is p o ss ib le  

C esarean d e liv e ry  m a y  be p ru d e n t if:
• EFW is <1500 g o r >4000 g
• Fetus is in a fo o t lin g  p re s e n ta tio n
• P a rtu rie n t has a s m a ll pe lv is
• Fetal neck and head are h yp e re x te n d e d
• Z a tu c h n i-A n d ro s  score  is <4
• E xpertise  in b reech  d e liv e ry  is a bsent
• A  n o n re a s s u rin g  FHR p a tte rn  is p re se n t
• A rre s t o f  p ro g re ss  has o ccu rre d

EFW, estimated fetal weight: FHR, fetal heart rate.

simulations using a mannequin and model pelvis with an 
experienced colleague can increase the skills and improve the 
performance of anyone facing such an emergency. A 2006 
study24 of resident skill before and after simulation training 
showed universal improvement in technique and performance 
of key maneuvers required for vaginal delivery of a breech fetus 
when such maneuvers were performed in mock emergency 
settings using a Noelle pelvic trainer (Gaumard Scientific). 
Maintenance of skill is particularly important as breech vaginal 
delivery becomes less frequently encountered in routine obstetric 
practice (this is discussed in greater detail below, in regard to the 
Term Breech Trial).

Factors that affect the decision to deliver a breech vaginally 
or by cesarean delivery are listed in Box 17-1. The obvious 
implication of the dramatically diminished experience in train
ing programs with vaginal breech delivery is that inexperience 
w ill constitute an indication for cesarean delivery. Certainly, 
in no case should a woman with an infant presenting as a 
breech be allowed to labor unless (1) anesthesia coverage is 
immediately available, (2) cesarean delivery can be under
taken promptly, (3) continuous FHR monitoring is used, 
and (4) the delivery is attended by a pediatrician and two 
obstetricians, o f whom at least one is experienced with 
vaginal breech birth.

TERM BREECH TRIAL
One o f the most influential publications was the multicenter 
prospective study known as the Term Breech Trial (TBT).
The impetus for this investigation was a series of retrospective 
studies that demonstrated increased morbidity and mortality of 
neonates after vaginal breech delivery, which included neonatal 
intensive care unit admissions, hyperbilirubinemia, bone frac
tures, intracranial hemorrhage, neonatal depression,25 convul
sions, and death.26 Other studies, however, found that emergent 
cesarean delivery was also associated with poor neonatal out
comes. Irion and colleagues27 reported similarly poor neonatal
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outcomes from cesarean deliveries of 705 singleton breeches and 
concluded that as a result of the increased maternal morbidity 
associated with cesarean birth, delivery of the breech by cesarean 
section was not firmly indicated. This opinion was supported by 
Brown and colleagues14 in their prospective case series, noting 
that the corrected perinatal mortality rate did not differ for 
neonates who weighed 1500 g or more.

In October 2000, the first results from the TBT were pub
lished.16 Overall, 2088 patients from 121 centers in 26 countries 
with varied national perinatal mortality statistics, according to 
the World Health Organization (W HO), were enrolled in the 
study. Assignment was random, with 1041 to the planned cesar
ean delivery group and 1042 to the planned vaginal delivery 
group. The data were analyzed by the intention-to-treat method, 
and 941 of 1041 (90.4%) and 591 of 1042 (56.7%) delivered 
by their intended route of delivery, cesarean delivery and vaginal 
birth, respectively. Intrapartum events, including cord prolapse 
and FHR abnormalities, occurred at rates similar to prior studies. 
Maternal and fetal/neonatal short-term (immediate, 6 weeks, 
and 3 months) and long-term (2 year) outcome data were pre
sented in this and subsequent reports. For countries with both 
low and high perinatal mortality rates (PMRs), the occur
rence o f perinatal mortality or serious neonatal morbidity 
(defined within the report) was significandy lower in the 
planned cesarean delivery group than in the planned vaginal 
delivery group (relative risk [RR], 0.33; 95%  Cl, 0 .19  to 
0.56; P  < .0001). In countries with an already low PMR, a 
proportionately greater risk reduction in PMR was found in 
the planned cesarean delivery. The effects o f operator experi
ence and prolonged labor did not affect the direction o f the 
risk reduction and only marginally affected the amplitude. 
No differences existed in maternal mortality or serious mater
nal morbidity between the groups."’

The effects on the correlation between labor and delivery 
factors were assessed in a separate regression analysis that used 
only delivery mode in one regression and only labor factors— 
including all other variables such as fetal monitoring, length of 
labor, and medications— in the other. Mode o f delivery and 
birth weight were both significantly associated with adverse 
fetal outcome without a significant degree o f interaction of 
these variables. Essentially, smaller infants (less than 2800 g) 
were at greatest risk (OR, 2 .13 ; 95%  C l, 1.2 to 3.8; P=  .01). 
Neonates with birthweights greater than 3500 g showed a trend 
toward more adverse outcomes, but the trend did not reach 
significance. The analysis of the labor data shows a “dose- 
response relationship between the progression of labor and the 
risk of adverse perinatal outcome,” such that a prelabor cesar
ean delivery is associated with the lowest rates o f adverse 
outcome compared with vaginal breech delivery.28 Maternal 
outcomes at 3 months showed a reduced rate of urinary incon
tinence (RR, 0.62; 95% C l, 0.41 to 0.93) in the planned cesar
ean delivery group,29 but 2 years after delivery, no differences 
were found in urinary incontinence or breastfeeding, medical, 
sexual, social, pain, or reproductive issues.30 Neonatal outcomes 
at 2 years showed no difference in mortality rates or neurode- 
velopmental delay between the planned cesarean delivery and 
planned vaginal delivery groups.31 To summarize the TBT, i f  a 
trial o f labor is attempted and is successful, babies born by 
planned vaginal delivery have a small but significant risk of 
dying or sustaining a debilitating insult in the short term 
compared with a planned cesarean delivery. If they survive, 
no difference is seen in the mortality rate or in the presence

o f developmental delay when compared with children born 
by planned cesarean delivery.

The worldwide repercussions of the TBT are still being real
ized. Eighty of the collaborating centers in 23 of 26 countries 
responded to a follow-up questionnaire regarding change in 
practice patterns after the results of the TBT were published. A 
plurality stated that practice had changed (92.5% ), and 85% of 
respondents reported that an analysis of relative costs would not 
affect the continued implementation of a policy of planned 
cesarean delivery for the breech at term.32

A Dutch study examined the effects on delivery statistics and 
outcomes following the TBT and showed an increase in the 
cesarean delivery rate for the term breech from 50% to 80%, 
which was associated with a concomitant reduction in perinatal 
mortality rate from 0.35% to 0.18% .33

The total U.S. cesarean delivery rate peaked in 2009 at 
32.9% of all births, rising from a low of 20.7% in 1996. A 
modest decline to 32.8% occurred in 2010, and this rate has 
been maintained through 2012. The 1981 National Institutes 
of Health Consensus Report found that 12% of cesarean 
deliveries in 1978 were performed for breech presentation 
and that this indication contributed 10% to 15% to the overall 
rise in the rate of cesarean births. At least a portion of the 
increase in cesarean delivery rates is a response to the perceived 
risk of morbidity and mortality associated with the breech 
presentation.16'21 Currently, 17%  o f cesarean deliveries are 
performed for breech.34 In the United States, the cesarean 
delivery rate for breech presentation increased from 11.6%  
to 86.9%  in 2002 and stood at 85% as o f 2003.213’ 36 Com
paring the U.S. cesarean delivery rates from 1998 and 2011 ,  
before and after the TBT’s publication, a marked increase is 
apparent in the rates for cesarean delivery: 21.2%  o f all live 
births in 1998, compared with 26.1%  in 2002, and up to 
32.8%  currently. Rates of both primary and repeat cesarean 
deliveries increased. This may be in part because of the stagger
ing number of multiple births and their related degree of pre
maturity, the relative reduction in vaginal birth after cesarean 
delivery,35 and the self-fulfilling prophecy of lack of experience 
owing to increasing trends toward cesarean delivery for breech, 
which leaves a void of experienced operators to perform breech 
vaginal deliveries (see Chapter 20). Currently, the American 
College of Obstetricians and Gynecologists (ACOG) has released 
statements that place emphasis on reducing the cesarean delivery 
rate; one of the recommendations is to offer ECV for the per
sistent breech at term and for a trial of labor with twins when 
the first twin is in a cephalic presentation. Both of these bear 
continued consideration with each pregnancy. The implications 
for future pregnancies have been studied; maternal morbidity 
and mortality rates are significantly increased with cesarean birth 
compared with vaginal delivery (8.6% vs. 9.2% ),37 in particular 
repeat cesarean delivery, for which breech presentation has 
become an inarguable cause, perhaps unnecessarily.

Even though greater risks appear to face the breech infant, 
many still believe that complete abandonment of vaginal deliv
ery for the breech is not yet justified. The TBT also has its 
detractors, who state that inclusion of fetuses with estimated 
weights up to 4 kg and less than 2500 g, procedural aberrations 
in labor assessment and adequacy (length of time permitted for 
first and second stage of labor, liberal use of induction and 
augmentation of labor), and worldwide differences in standards 
of obstetric care and its providers make the trial’s results not 
generalizable. No study is perfect in its methodology or results;
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this trial has been criticized for its statistical methodology, the 
ascertainment of expertise, inclusion of both fetal deaths and 
anomalous fetuses, and the absence of ultrasound from some 
participating centers, among other transgressions.3N However 
flawed it may, the TBT adds to the body of literature on breech 
vaginal delivery but as such may not be the final answer tif the 
question of the safety of vaginal breech delivery.

Since that time, a large prospective cohort analysis was per
formed at 174 centers in France and Belgium, two countries 
where the TBT has had only a modest effect on vaginal breech 
delivery rates. Termed the PREMODA trial (Presentation et 
Mode d ’Accoucbement, [Presentation and Mode of Delivery]), it 
evaluated pregnancy and delivery data— a composite of mor
bidities, similar to the TBT— from women who gave birth to a 
fetus, alive or not, from 37 or more weeks. An expert committee 
not blinded to the mode of delivery evaluated each birth outcome 
as to whether an elective cesarean delivery at 39 weeks would 
have prevented the particular outcome. They found that 6 of the 
22 fetal deaths and 17 of the 18 neonatal or postneonatal deaths 
before discharge were due to lethal anomalies; only one death 
occurred among phenotypically normal fetuses, and this was 
deemed sudden and unexpected at 15 days of life. In sum, this 
study noted a global fetal or neonatal mortality risk of 1.59% 
(95% C l, 1.33 to 1.89); this was not significantly different from 
the population delivered by planned cesarean. The mortality and 
serious morbidity rate was significantly less than that of coun
tries with a low PMR rate in the TBT (1.59% vs. 5.7%). Thus 
in these countries with an already low PMR, excess neonatal 
morbidity and mortality are not attributed to breech vaginal 
delivery. However, these results may not be applicable to the 
United States because the expertise for performing breech 
vaginal delivery is unfortunately not as available in this country.39

Special Clinical Circumstances and Risks: 
Preterm Breech, Hyperextended Head, 
and Footling Breech
The various categories of breech presentation clearly demon
strate dissimilar risks, and management plans might vary among 
these situations. The premature breech, the breech with a 
hyperextended head, and the footling breech are categories 
that have high rates o f fetal morbidity or mortality. Compli
cations associated with incomplete dilation and cephalic 
entrapment may be more frequent. For these three breech 
situations, in general, cesarean delivery appears to optimize 
fetal outcome and is therefore recommended.

Low birthweight (<2500 g) is a confounding factor in about 
one third of all breech presentations.17 Whereas the benefit of 
cesarean delivery for the breech infant weighing 1500 to 2500 
g remains controversial,13 some studies have shown improved 
survival with cesarean delivery in the 1000- to 1500-g weight 
group.40'41 A multicenter study of long-term outcomes of vagi
nally delivered infants at 26 to 31 weeks’ gestation found no 
differences in rates of death or developmental disability within 
2 years of follow-up.42 Traumatic morbidity is reportedly 
decreased in both weight groups by the use of cesarean delivery, 
including a lower rate of both intraventricular and periventricu
lar hemorrhage. Although some advocate a trial of labor in the 
frank breech infant weighing over 1500 g, others recommend 
labor only when the infant exceeds 2000 grams. Proportionately 
fewer frank breech presentations occur in the low-birthweight 
group. In fact, most infants who weigh less than 1500 g 
and present as a breech are footling breeches. Although

most deaths in those with a very low birthweight are due to 
prematurity or lethal anomalies, cesarean delivery has been 
shown by some to decrease corrected perinatal mortality in this 
weight group compared with that in similar-sized vertex presen
tations. Other authors suggest that improved survival in these 
studies relates to improved neonatal care of the premature infant 
when compared with the outcomes of historic controls. How
ever, when vaginal delivery of the preterm breech is chosen or 
is unavoidable, older studies have demonstrated reduced fetal 
morbidity and mortality when conduction anesthesia and 
forceps for the delivery of the aftercoming head are used; neither 
are commonplace in modern obstetrics. A study of neonates at
26 to 29 weeks 6 days gestational age born by planned breech 
versus planned cesarean delivery showed no difference in mortal
ity rate.44 Although in this study, premature rupture of the 
membranes (PROM) at a gestational age less than 24 weeks, 
head entrapment, and a gestational age between 26 to 27 weeks 
6 days were all independently associated with neonatal death.

Preterm premature rupture of the fetal membranes (PPROM) 
is associated with prematurity and chorioamnionitis, both of 
which have been found to be independent risk factors for the 
development of cerebral palsy (CP). PPROM is associated with 
a high rate of malpresentation because of prematurity and 
decreased amniotic fluid. Knowing the association of chorioam
nionitis with periventricular leukomalacia (PVL), a lesion found 
to precede development of CP in the premature neonate, Baud 
and colleagues45 correlated the mode of delivery with PVL and 
subsequent CP in breech preterm deliveries. The authors found 
that in the presence o f chorioamnionitis, delivery by planned 
cesarean section was associated with a dramatic decrease in 
the incidence o f PVL.

Hyperextension o f the fetal head during vaginal breech 
delivery has been consistently associated with a high (21%) 
risk o f spinal cord injury. It is important to differentiate simple 
deflexion of the head from clear hyperextension, given that 
Balias and colleagues demonstrated that simple deflexion carries 
no excess risk. Deflexion of the fetal vertex, as opposed to hyper
extension, is similar to the relationship between the occipito
frontal cranial plane and the axis of the fetal cervical spine 
illustrated in Figure 17-5. Often, as labor progresses, spontane
ous flexion will occur in response to fundal forces.

Finally, the footling breech carries a prohibitively high 
(16% to 19%) risk o f cord prolapse during labor. In many 
cases, cord prolapse manifests only late in labor, after commit
ment to vaginal delivery may have been made. Cord prolapse 
necessitates prompt cesarean delivery. Furthermore, the footling 
breech is a poor cervical dilator, and cephalic entrapment 
becomes more likely.

Breech Second Twin
Approximately one third o f all twin gestations present as 
cephalic/breech—that is, first twin is a cephalic presentation 
and the second is a breech (see also Chapter 32, Multiple 
Gestations). The management alternatives in the case o f the 
cephalic/breech twin pregnancy in labor include cesarean 
delivery, vaginal delivery o f the first twin, and either 
attempted ECV or IPV and breech extraction o f the second 
twin. Blickstein and colleagues compared the obstetric out
comes o f 39 cases o f vertex/breech twins with the outcomes 
o f 48 vertex/vertex twins. Although the breech second twin had 
a higher incidence of low birthweight and a longer hospital stay, 
the authors found no basis for elective cesarean delivery in this
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clinical circumstance. The outcomes o f another study11’ o f 136  
pairs o f cephalic/noncephalic twins weighing more than 
1500 g allows us to conclude that breech extraction of 
the second twin appears to be a safe alternative to cesarean 
delivery. Laros and Dattel ' studied 206 twin pairs and simi
larly found no clear advantage to arbitrary cesarean delivery 
because o f a specific presentation. When comparing out
comes o f 390 vaginally delivered second twins (207 delivered 
vertex, 183 delivered breech), with 95%  o f the breech deliver
ies being total breech extractions, it is noted that no signifi
cant differences existed between the cephalic and breech 
infants even when stratified by birthweight.4S These out
comes assume the skills and experience required to perform 
a successful breech extraction. A  recent Danish retrospective 
evaluation49 o f IPV for a noncephalic second twin demon
strated that although it occurs only rarely, IPV is associated 
with fewer asphyxiated neonates than second twins delivered 
by cesarean delivery after a vaginal delivery o f the first twin; 
in addition, a trend was seen toward higher cord pH and 
higher Apgar scores in the IPV group. The disturbing trend 
highlighted by this study is the very high chance of the vaginal 
and cesarean combination delivery.

The Twin Birth Study,11 a multicenter randomized trial, 
showed that cesarean delivery o f twins demonstrated neither 
a decrease nor an increase in the rate o f fetal or neonatal 
death or morbidity compared with vaginal delivery. The 
authors o f this study advocate that patients seek out provid
ers who are skilled in the vaginal birth o f the second twin. 
For any clinician uncomfortable with the prospective vaginal 
delivery of a singleton breech, however, cesarean delivery may 
be a safer option for the pregnancy with a noncephalic-presenting 
second twin.

Vaginal delivery of the first twin followed by external version 
of the second is a viable alternative, using ultrasound in the 
delivery room to directly visualize the fetus. Often a transient 
decrease in uterine activity occurs after the delivery of the first 
infant, which can be used to advantage in the performance of a 
cephalic version. Description of experience with 30 noncephalic 
second twins (12 transverse and 18 breech) shows that version 
after birth of the first twin was successful in 11 of the 12 infants 
in a transverse lie and in 16 of the 18 breech infants.51 These 
twins were all older than 35 weeks’ gestation, with intact mem
branes of the second twin after delivery of the first, no evidence 
of anomalies, and normal amniotic fluid volume.

If IPV/extraction o f the second twin is to be performed, it 
can be facilitated by ultrasonic guidance. A hand is inserted 
into the uterus, both fetal feet are identified and grasped with 
the membranes intact, and traction is applied to bring the feet 
into the pelvis and out the introitus, with maternal expulsive 
efforts remaining the major force in effecting descent of the 
fetus. The membranes are left intact until both feet are at the 
introitus. Once the membranes are ruptured, the delivery is 
subsequently managed as a footling breech delivery. If the opera
tor has difficulty identifying the fetal feet, intrapartum ultra
sound may be of assistance.

During breech extraction, and perhaps more often with a 
breech extraction of a smaller twin, the fetal head can become 
entrapped in the cervix. In such cases, the operator’s entire hand 
is placed in the uterus, the fetal head is cradled, and as the hand 
is withdrawn, the head is protected.52 This splinting technique 
has also been used for the safe extraction of the breech head at 
the time of cesarean delivery Head entrapment may also occur

because of increased uterine tone or contractions. In this case, a 
uterine relaxing agent may be used, with nitroglycerin 50 to 
200 |Llg intravenously being one o f the fastest acting, safest 
agents in appropriately selected patients. Terbutaline, rito- 
drine, or inhalational anesthesia may also be used.

External Cephalic Version
External cephalic version (ECV) is recommended for the 
breech fetus at 36 to 37  weeks’ gestation.4,53 M any have found 
that ECV significantly reduces the incidence of breech presenta
tion in labor and is associated with few complications such as 
cord compression or placental abruption.4 Reported success 
with ECV varies from 60% to 75% , and a similar percentage 
of these remain vertex at the time o f labor.1 Although many 
infants in breech presentation before 34 weeks’ gestation will 
convert spontaneously to a cephalic presentation, the percentage 
that spontaneously convert decreases as term approaches. Repet
itive external version applied weekly after 34 weeks’ gestation in 
one report was successful in converting more than two thirds 
of cases and reducing their breech presentation rate by 50%. 
In another randomized trial53 of ECV in low-risk pregnancies 
between 37 and 39 weeks’ gestation, success was achieved in 
68% of 25 cases in the version group, whereas only 4 of the 23 
controls converted to a vertex spontaneously before labor. All of 
those in whom external version was successful presented in labor 
as a vertex. In another prospective, controlled study of ECV 
performed weekly between 33 weeks’ gestation and term, 48% 
of the study group was vertex in labor compared with only 26% 
of controls. Another experience with 112 patients demonstrated 
a 49% success rate with ECV. The cesarean delivery rate was 
17% among those patients with successful ECV compared with 
78% among those with an unsuccessful version attempt.

The timing of ECV has been evaluated in the early ECV2 
trial,54 published in 2011. Whereas a greater percentage of ECVs 
performed early (34 weeks to 35 weeks 6 days gestational age), 
as opposed to those performed late (at or beyond 37 weeks’ 
gestation), were cephalic at the time of delivery, no difference 
was found in the rate of cesarean delivery between the two 
groups. The additional detractor from doing an early ECV is 
that the rate of late preterm births did increase. The study noted 
that the success rate of early versus late ECV was greater, 
but the authors did not comment on the significance of this 
difference.

Outcomes o f pregnancies after ECV prove that it is a safe 
and effective intervention.4 Successful version was reported 
more often in parous than in nulliparous women and more often 
between 37 and 39 weeks’ gestation than after 40 weeks. Fetal 
complications include abruption, a nonreassuring FHR pattern, 
rupture of the membranes, cord prolapse, spontaneous conver
sion back to breech, and fetomaternal hemorrhage. Maternal 
complications include a high rate of cesarean delivery— up to 
64% in one study, and a twofold to fourfold risk in another— 
primarily for dystocia, despite successful conversion.51

Gentle, constant pressure applied in a relaxed patient with 
frequent FHR assessments are elements o f success stressed by 
all investigators.13 Methodology varies, although the “forward 
roll” is more widely supported than the “backflip” (Fig. 17-25).53 
The mechanical goal is to squeeze the fetal vertex gently out of 
the fundal area to the transverse and finally the lower segment 
of the uterus.

A number o f factors predict success o f ECV with reliabil
ity. A study in 2010 by Burgos and colleagues^' demonstrated
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FIG 17-25 External cephalic version is accomplished by gently "squeez
ing" the fetus out of one area of the uterus and into another. Illus
trated here is the popular "forward roll."

increased rates of successful ECV at approximately 37 weeks’ 
gestation with parity greater than two (OR, 3.74; 95% C l, 2.37 
to 5.9), posterior placental location (OR, 2.85; 95% C l ,1.87 to 
4.36), and double footling breech as opposed to frank breech 
(OR, 2.77; 95% C l, 1.16 to 6.62). Complete breech also showed 
increased odds of success, but not to the extent that the double- 
footling breech did. Relative assessment of amniotic fluid volume 
was also made, and both “normal” and “abundant” fluid volumes 
showed improved successes. Two studies57,58 demonstrated better 
results when the amniotic fluid index (AFI) exceeded 7 cm.

Tocolysis, regional anesthesia, and ultrasound during ECV 
may also be helpful. Use of a number of tocolytics has been 
reported; however, considerable experience has been reported 
using IV ritodrine, which has been voluntarily withdrawn from 
the U.S. market by the manufacturer. Other agents that have 
been used include hexoprenaline, salbutamol (albuterol), nitro
glycerin, and terbutaline, which now carries a Food and Drug 
Administration (FDA) black-box warning. A randomized trial59 
of 103 nulliparous patients found that the success rate with 
subcutaneous terbutaline was 52%, compared with 27% in the 
control group, and no adverse maternal effects resulting from 
the drug were found. A randomized trial of 58 patients at 37 to 
41 weeks’ gestation with breech presentation found no benefit 
from p-mimetic tocolysis, with success rates of approximately 
two thirds in each group.

The use o f regional anesthesia for ECV has also been con
troversial. Many believe that operators might apply excessive 
pressure to the maternal abdomen when epidural anesthesia is 
used, which might make fetal compromise more likely, as indi
cated by FHR decelerations and possibly related to placental 
abruption. However, a randomized trial60 of ECV in 69 women 
using epidural anesthesia demonstrated a better than twofold 
increase in the success of the procedure when an epidural was 
used. Disparate results are demonstrated when combined spinal- 
epidural (CSE) analgesia or spinal anesthesia is used. A random
ized study61 of nulliparas undergoing ECV showed a fourfold 
improvement in the success of ECV and a reduced visual analog 
pain score with spinal anesthesia compared with no anesthetic. 
Another randomized trial62 of CSE anesthesia at analgesic doses 
versus systemic opioids showed no difference in the rates of suc
cessful ECV. This trial had an overall low rate of successful ECV 
(39%) and a low rate in each arm (47% in the CSE and 31% 
in the opioid arms, respectively), and the participation of 47 
physicians suggests the possibility of highly varied skill levels 
across the providers. This trial specifically aimed to determine 
whether analgesia, as opposed to anesthesia, improves success. 
It appears that the relationship o f ECV success may be dose 
dependent as far as neuraxial anesthetic use is concerned 
because other trials that have used large anesthetic doses 
favor improved ECV success rates.

A Cochrane database study63 of the effects of tocolysis, 
regional anesthesia, vibroacoustic stimulation (VAS), and trans
abdominal amnioinfusion for ECV was performed and reported 
in 2012. It reviewed 25 studies with data on 2548 women. 
Tocolytics, in particular P-mimetics, increased the rate of 
cephalic presentation at term (RR, 1.38; 95% C l, 1.03 to 1.85) 
and reduced the cesarean delivery rate (RR, 0.82; 95% Cl, 
0.71 to 0.94). No difference was noted between success rates 
in nulliparas and multiparas with a cephalic presentation in 
labor or cesarean delivery; therefore terbutaline before ECV is 
recommended.

Regional anesthesia in combination with tocolysis demon
strated more successful ECVs than the tocolytic drug alone 
(RR, 0.67; 95%  Cl, 0.51 to 0.89), but no difference was 
noted in either the rate o f cesarean delivery or cephalic pre
sentation in labor, and no difference in the occurrence o f fetal 
bradycardia was observed. Data were insufficient to deter
mine the efficacy o f VAS, amnioinfusion, opioids, nitric 
oxide donors, or calcium channel blockers for improving 
ECV success rate.14

On the adverse side, factors associated with failure of 
ECV included obesity, deep pelvic engagement of the breech, 
oligohydramnios, and posterior positioning of the fetal 
back. Fetomaternal transfusion has been reported to occur in 
up to 6% of patients undergoing external version64; thus Rh- 
negative unsensitized women should receive RhD immune 
globulin. Quantitation of fetomaternal hemorrhage with the 
Kleihauer-Betke (acid elution) or flow cytometry test will deter
mine the number of vials of RhOD immune globulin to be 
administered.

In the case of the gravida with a previous cesarean delivery, 
ECV has also been controversial. Studies of lim ited sample size 
have concluded that ECV is safe for mother and fetus and that 
it results in increased rates of vaginal delivery. Success rates of 
up to 82% in patients with a previous cesarean delivery have 
been reported.65 Use of IV ritodrine tocolysis in 11 patients with 
a history of a previous low cervical transverse cesarean delivery
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resulted in no uterine dehiscences found clinically or at the time 
of cesarean delivery.66

A 2009 study by Sela and colleagues6 that included a review 
of the world literature (of singleton fetuses without anomalies 
at 36 or more weeks’ gestation, all retrospective studies) found 
ECV success rates in multiparas that ranged between 65.8%  and 
100% (mean 76.6%) in patients with a single prior cesarean 
delivery. Prior successful vaginal delivery was predictive of higher 
success rates for ECV overall, and no excess morbidity/mortality 
or asymptomatic scar dehiscence was noted in these patients. 
The largest study of complication rates from ECV included 
patients with a prior cesarean delivery, but neither the success 
nor complication rates for this subgroup were reported; descrip
tions of overall complications included no case of overt uterine 
rupture or scar dehiscence.68 Although these are now limited 
recommendations for patients with two prior cesarean deliveries 
to attempt a trial of labor after cesarean (TOLAC; see Chapter 
20), data are not available regarding success rates and complica
tions of ECV in this population.

Acupuncture and moxibustion of acupoint BL 67 (Zhiyin, 
which lies beside the outer corner of the fifth toenail) have been 
studied in relation to converting the noncephalic presenting 
fetus, and a Cochrane review69 on this topic was recently pub
lished. Although early studies demonstrated benefit of these 
therapies, this review of eight studies with data on 1346 women 
showed that moxibustion alone did not reduce noncephalic 
presentation compared with no treatment. In comparison to 
acupuncture, however, moxibustion proved to be superior (RR, 
0.25; 95% C l, 0.09 to 0.72), but in combination with acupunc
ture, a reduction was noted in both noncephalic presentations 
(RR, 0.73; 95% C l, 0.57 to 0.94) and cesarean deliveries (RR,
0.79; 95% C l, 0.64 to 0.98). The increasing role of complemen
tary and alternative medicine and traditional techniques in 
modern medicine remain to be further examined.

SHOULDER DYSTOCIA
In a normal delivery, after expulsion of the fetal head, external 
rotation occurs and returns the head to a right-angle position in 
relation to the shoulder girdle. The fetal shoulder during descent 
is in an oblique pelvic diameter; however, after expulsion and 
restitution, the anterior fetal shoulder should emerge from the 
oblique axis under the pubic ramus. Shoulder dystocia occurs 
when the fetal shoulders are obstructed at the level o f the 
pelvic inlet. Shoulder dystocia results from a size discrepancy 
between the fetal shoulders and the pelvic inlet, which may 
be absolute or relative, because o f malposition. A persistent 
anterior-posterior location of the fetal shoulders at the pelvic 
brim occurs when increased resistance is present between the 
fetal skin and the vaginal walls, such as with accelerated fetal 
growth; a large fetal chest relative to the biparietal diameter, seen 
in infants of diabetic gravidas; and when truncal rotation does 
not occur, as with precipitous labor. Shoulder dystocia typically 
occurs when the descent of the anterior shoulder is obstructed 
by the symphysis pubis. It can also result from impaction of the 
posterior shoulder on the maternal sacral promontory.70

Unfortunately, the ultimate diagnosis of this obstetric emer
gency will not occur until after the fetal head has emerged from 
the vagina (Fig. 17-26). The turtle sign, in which there is retrac
tion of the fetal head against the maternal perineum, is sugges
tive but not diagnostic of the presence of shoulder dystocia. 
Shoulder dystocia is therefore most commonly diagnosed upon

FIG 17-26 When delivery of the fetal head is not followed by delivery 
of the shoulders, the anterior shoulder often becomes caught behind 
the symphysis, as illustrated. The head may retract toward the 
perineum, and desperate traction on the fetal head is not likely to 
facilitate delivery and may lead to trauma.

failure of delivery of the fetal shoulder(s) after initial attempts 
at extraction-oriented manual traction and when ancillary 
obstetric maneuvers are required. Although other definitions 
have been reported in the literature, these are not commonly 
used in daily clinical practice. Two studies have proposed defin
ing shoulder dystocia as a prolonged head-to-body delivery inter
val of 60 seconds (the mean plus two standard deviations) and/ 
or use of ancillary obstetric maneuvers. ' 1' 2 In Hoffman’s multi
center study,73 however, only two (0.01%) among the 2018 
reported shoulder dystocias documented such a head-to-body 
time in the delivery notes.

Shoulder dystocia has been reported to complicate 0.2%  
to 3% o f all vaginal deliveries. 3 This wide range has been 
attributed to the inherent subjectivity of the clinician’s definition 
of shoulder dystocia, the degree of reporting, and differences 
in defining the study population. The risk of shoulder dystocia 
rises with increasing fetal birthweight; in these instances, the 
trunk—and in particular, the chest— grow larger relative to the 
head. The percentage o f deliveries complicated by shoulder 
dystocia for unassisted births not complicated by diabetes 
was 5.2% for infants weighing 4000 to 4250 g, 9.1%  for 
those between 4250 and 4500 g, 14.3%  for those 4500 and 
4750 g, and 21 . 1% for those 4750 to 5000 g. ' It must be 
remembered that approximately 50% to 60%  o f shoulder 
dystocias occur in infants who weigh less than 4000 g. 
Moreover, even i f  the birthweight o f the infant is over 
4000 g, shoulder dystocia will complicate only 3.3%  o f the 
deliveries. 0

In addition to being generally poor predictors for shoulder 
dystocia, historic clinical risk factors such as maternal obesity, 
prolonged second stage, previous birth of an infant weighing 
more than 4000 g, gestational diabetes mellitus, prolonged 
second stage of labor, prolonged deceleration phase (8 to 10 cm), 
prolonged and postterm pregnancy, increased maternal age, 
excess maternal weight gain, male fetus, and epidural analgesia/ 
anesthesia are also not readily amenable to interventions that 
can alter fetal outcome. A trivariate analysis of labor induction, 
oxytocin use, and a birthweight greater than 4500 g only showed 
a sensitivity of 12.4% and a positive predictive value of 3.4% 
for the prediction of shoulder dystocia.75
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Recurrence risks for shoulder dystocia have been reported 
to range from approximately 10%  to 25%. ' Among patients 
with recurrent shoulder dystocia, statistically significant risk 
factors have included maternal prepregnancy weight, maternal 
weight at delivery, duration of the second stage of labor, birth
weight greater than the index pregnancy, and birthweight more 
than 4000 g.70 Nearly 40% of providers surveyed in one study 
would allow a trial of labor in a patient with a documented 
history of a prior vaginal delivery complicated by shoulder 
dystocia.77

Antepartum and intrapartum efforts to predict postnatal 
birthweight— performed using either Leopold maneuvers, 
maternal assessment of birthweight, or with ultrasound-derived 
estimated fetal weight— are commonly used in clinical practice, 
although such efforts have been generally disappointing in the 
prediction and prevention of shoulder dystocia. The American 
College o f Obstetricians and Gynecologists recommends that 
planned cesarean delivery may be considered with estimated 
fetal weights that exceed 5000 g in women without diabetes 
and 4500 g in women with diabetes. 8 Mean error rates for 
late third trimester ultrasound, however, have been reported to 
approximate 10% to 15%.79 The fetal vertex is often too deeply 
engaged in the pelvis to allow accurate measurement of head 
circumference. Maternal body habitus and the presence of oli
gohydramnios are also contributing factors to this inability to 
accurately estimate fetal weight.

The concept o f prophylactic cesarean delivery as a means 
to prevent shoulder dystocia and therefore avoid brachial 
plexus injury has not been supported by either clinical or 
theoretic data. The model of Rouse and associates80 compared 
policies of management 1) without ultrasound; 2) with ultra
sound and elective cesarean delivery for an estimated fetal weight 
over 4000 g; and 3) with ultrasound and elective cesarean deliv
ery for an estimated fetal weight over 5000 g. It was found that 
2345 to 3695 cesarean deliveries would need to be performed 
to prevent one permanent brachial plexus injury among nondia
betic women, with additional costs of $4.9 to $8.7 million. 
Using decision analysis techniques, Herbst81 compared three 
strategies for an infant with an estimated fetal weight of 4500 
g. She similarly found that expectant treatment was the preferred 
strategy at a cost of $4104.33 per injury-free child, compared 
with planned cesarean delivery at a cost of $5212.06 and an 
induction cost of $5165.08.

A few authors have retrospectively evaluated the fetal abdomi
nal diameter-biparietal diameter difference (AD-BPD) as a pre
dictor for shoulder dystocia. These studies have been lim ited by 
their retrospective nature, difficulty in measuring the fetal 
abdominal outline at advanced gestational ages, small sample 
size, and lack of applicability to the general population. Among 
infants of diabetic mothers whose estimated fetal weights were 
3800 to 4200 grams, Cohen and colleagues82 found that shoul
der dystocia occurred in 6 of 20 patients (30%) in whom the 
AD-BPD difference was at least 2.6 cm but in none of 11 
patients in whom it was less than 2.6 cm (P — .05). In nondia
betic women with suspected macrosomia, defined as an estimated 
fetal weight above 4000 g, the adjusted odds ratio of shoulder 
dystocia in the group with an AD-BPD difference of 2.6 cm or 
more was 3.67 (95% C l, 1.44 to 9.36).83 In a study by Miller 
and colleagues,84 those patients with shoulder dystocia had 
an increased AD-BPD difference (2.9 vs. 1.97, P=  .0002), and 
when the difference was 2.6 cm or more, the risk of dystocia 
was 25% for unselected patients and 38.5% for patients with

diabetes. Overall, an OR of 5.88 (95% C l, 1.18 to 19.09) for 
presence of dystocia was noted in all patients and carried a 
sensitivity of 35.7%  and a specificity of 91.4% . For patients with 
diabetes, an OR of 7.19 for shoulder dystocia (95% C l, 1-58 to 
32.67) was found.

Postpartum hemorrhage and the unintentional extension 
of the episiotomy or laceration into the rectum are the most 
common maternal complications associated with shoulder 
dystocia. In a study by Gherman and associates,85 these occurred 
in 11% and 3.8%, respectively, of the described shoulder 
dystocias.

A large multicenter study that evaluated 2018 cases of shoul
der dystocia included 60 cases of Erb-Duchenne paralysis, four 
with Klumpke paralysis, 41 clavicular or humeral fractures, and 
six episodes of hypoxic-ischemic encephalopathy (HIE).73 Uni
lateral brachial plexus palsies are the most common neuro
logic injury sustained by the neonate. The right arm is typically 
affected owing to the fact that the left occiput anterior presenta
tion is more common. Most (80%) of the brachial plexus palsies 
have been located within the C5-C6 nerve roots (Erb-Duchenne 
paralysis). Other types of brachial plexus palsies that have been 
described include Klumpke paralysis (C8-T1), an intermediate 
palsy, and complete palsy of the entire brachial plexus. Dia
phragmatic paralysis, Horner syndrome, and facial nerve injuries 
have occasionally been reported to accompany brachial plexus 
paralysis. Approximately one third o f brachial plexus palsies 
will be associated with a concomitant bone fracture, most 
commonly o f the clavicle (94%).86

Using computer modeling, the forces applied to the fetal 
brachial plexus during shoulder dystocia— and also with the 
addition of release maneuvers—were estimated by Grimm and 
colleagues.87 All maneuvers resulted in less stretch to the brachial 
plexus than with standard lithotomy delivery alone. Delivery 
of the posterior arm showed a 71% reduction in stretch applied 
to the anterior nerve plexus and was the maneuver that required 
the least force to deliver the anterior shoulder. In the past, it had 
been empirically deduced that brachial plexus injury resulted 
exclusively from operator-induced excess traction in the setting 
of shoulder dystocia. In addition to research within the obstet
ric community, the pediatric, orthopedic, and neurologic 
literature now stresses that the existence o f brachial plexus 
paralysis does not constitute a priori proof that exogenous 
forces were the cause o f the injury.11 Maternal endogenous 
forces have been shown to exceed clinician-applied exogenous 
forces. It has been consistently reported that approximately 50% 
of brachial plexus paralysis occurs in the absence of clinically 
recognized shoulder dystocia. Gherman and colleagues 89 showed 
that neonates who experienced brachial plexus palsy without 
shoulder dystocia were of lower birthweight and had an increased 
rate of clavicular fractures, and these paralyses were more likely 
to be persistent at 1 year of life.

The use of an exogenous force (traction) by the delivering 
provider is inherent in the management of the majority of 
vaginal deliveries and in the management of shoulder dystocia 
cases. Clinical diagnosis o f shoulder dystocia results from 
failure o f delivery o f the fetal shoulder(s) after an initial trac
tion attempt. A few authors have empirically advocated pro
ceeding directly to maneuvers for attempted delivery of the 
fetal shoulders (i.e., avoidance of initial diagnostic traction) in 
order to maintain the forward momentum of the fetus. Others 
support a short delay in the delivery of the shoulders and advo
cate observation alone, arguing that the endogenous rotational
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TABLE 17-4 M A N E U V E R S  FOR TH E A L L E V IA T IO N  

______________ OF S H O U L D E R  D Y S T O C IA ____________

McRoberts maneuver
Suprapubic pressure
Rubin maneuver
Woods corkscrew maneuver
Extraction of the posterior arm
Gaskin maneuver
Zavanelli maneuver
Symphysiotomy _____________________
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FIG 17-27 After delivery of the head, restitution results in the long axis 
of the head reassuming its normal orientation to the shoulders as 
seen here.

FIG 17-28 Gentle, symmetric pressure on the head will move the 
posterior shoulder into the hollow of the sacrum and will encourage 
delivery of the anterior shoulder. Care should be taken not to "pry" 
the anterior shoulder out asymmetrically because this might lead to 
trauma to the anterior brachial plexus.

mechanics of the second stage may spontaneously alleviate the 
obstruction.

When shoulder dystocia is clinically diagnosed, the first 
order o f business should be to stop all endogenous and exog
enous forces until an attempt is made to alleviate the obstruc
tion. The patient should be instructed to stop pushing, although 
it must be recognized that most likely, the gravida will continue 
to involuntarily exert endogenous expulsive forces because 
uterine contractions do not spontaneously abate once the head 
emerges from the vagina. Maternal expulsive efforts will need to 
be restarted after the fetal shoulders have been converted to the 
oblique diameter— that is, as a diagnostic step to prove that a 
maneuver has been successful— in order to complete the delivery
(Fig. 17-27).

Whenever extraction (exogenous) forces are applied by the 
delivering clinician, the fetal head should be maintained in 
an axial position, and rotation o f the head should be avoided.
By following the natural curve of the maternal pelvis, axially 
derived traction does by definition have a downward component 
(Fig. 17-28). Axial traction is traction applied in alignment with

the fetal cervicothoracic spine. Traction applied in the plane of 
the fetal cervicothoracic spine is typically along a vector esti
mated to be 20 to 25 degrees below the horizontal plane when 
the woman in labor is in a lithotomy position.88 Thus while axial 
traction is also downward, it is applied without lateral bending 
of the fetal neck (i.e., bending the neck toward the floor or the 
ceiling). Laterally derived traction should not be used as the sole 
maneuver to effect delivery in the absence of ancillary obstetric 
maneuvers. Among the four cases in which this occurred in the 
series by Leung and associates,90 three (75%) brachial plexus 
injuries and one (25%) clavicular fracture were reported.

No randomized clinical trials have been undertaken to guide 
physicians as to the order of the maneuvers that are to be per
formed (Table 17-4). The most effective preventive measure is 
to be familiar with the normal mechanism of labor and to be 
prepared to deal with the potential for shoulder dystocia in any 
vaginal delivery. Attendants should refrain from applying fundal 
pressure as a maneuver for the alleviation of shoulder dystocia, 
because pushing on the fundus serves only to further impact the 
anterior shoulder behind the symphysis pubis. Fundal pressure 
can be used to assist with delivery of the fetal body, but only if  
the shoulder dystocia has already been alleviated.

The McRoberts maneuver is a simple, logical, and effective 
measure and is typically considered as the first-line treatment 
for shoulder dystocia. The McRoberts maneuver and suprapu
bic pressure are appropriate first-line techniques because they are 
noninvasive, easy to learn, and can be performed quickly. In a 
retrospective review, Gherman and colleagues85 found that the 
McRoberts maneuver was the only step required in 42% of 236 
cases. The McRoberts maneuver involves hyperflexion of the 
maternal legs onto the abdomen, which results in flattening of 
the lumbar spine and ventral rotation of the maternal pelvis 
and symphysis (Fig. 17-29). Care should be taken to avoid 
prolonged or overly aggressive application of the McRoberts 
maneuver because the fibrocartilaginous articular surfaces of 
the symphysis pubis and surrounding ligaments may be unduly 
stretched.91

It is reasonable to consider performing delivery o f the 
posterior shoulder/arm as the next maneuver in this sequence
(Fig. 17-30). The ultimate decision for this, however, should be 
based on provider experience and the clinical situation. Several 
techniques to deliver the posterior shoulder have been described, 
but the most widely used method is extraction of the posterior 
fetal arm. To approach the posterior arm, the delivering clini
cian’s hand is placed in the vagina, and the humerus of the 
posterior fetal arm is traced from the shoulder to the elbow. 
Once the forearm is grasped, it is swept across the fetal chest, 
and the arm is pulled out of the vagina. If the forearm is not 
accessible, pressure can be placed on the antecubital fossa to flex 
the elbow. If this allows access to the forearm, delivery of the 
posterior arm is accomplished as described above. If the forearm
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FIG 17-29 The least invasive maneuver to disimpact the shoulders is the McRoberts maneuver. Sharp ventral flexion of the maternal hips results 
in ventral rotation of the maternal pelvis and an increase in the useful size of the outlet.

is still not accessible, attempts are then made to deliver the 
posterior shoulder or to make the posterior arm accessible using 
posterior axillary traction methods. M enticog loudescribed  a 
technique of using the fingers to accomplish axillary traction. 
The technique starts by having an assistant hold the fetal head 
up, avoiding traction. Then, the operator’s two middle fingers 
are positioned from each side of the posterior fetal shoulder and 
into the axilla. Downward and outward traction is then placed 
on the posterior shoulder to follow the curve of the sacrum. As 
the shoulder comes into view, the posterior arm is delivered as 
previously described. Another method of performing axillary 
traction is with the use of a sling. Hofmeyr and Cluver93 
described a technique of applying axillary traction using a sling 
fashioned from a 12- to 14-French suction catheter. In this 
technique, the suction catheter is passed over the shoulder and 
around the axilla. The two free ends of the catheter are clamped, 
and downward traction is used until the shoulder descends 
enough to allow for delivery of the posterior arm.

In the computer modeling evaluation of Grimm and col
leagues,87 posterior arm delivery required the least exogenous 
force to effect delivery and resulted in the lowest brachial 
plexus stretch. This decreases the impacted diameter from the 
bisacromial diameter to the axilloacromial diameter. The end 
point of posterior arm extraction is to substitute the axilloacro
mial diameter for the bisacromial diameter, with the former 
being approximately 3 cm shorter than the latter. Geometric 
analysis94 has revealed that posterior arm delivery reduces shoul
der dystocia more than twice as often relative to the McRoberts 
maneuver. Hoffman and associates73 completed a cohort study

in which 2018 patients delivered with a shoulder dystocia had 
their records analyzed by trained abstractors for the maneuvers 
performed. Delivery o f the posterior shoulder was the most 
successful maneuver (84.4%) to alleviate shoulder dystocia, 
and the Woods maneuver (72%), Rubin maneuver (66%), 
and suprapubic pressure (62.2%) also showed high rates of 
delivery. Multiple logistic regression analysis revealed a higher 
risk of neonatal in jury with the Rubin (OR 1.54) and Woods 
(OR 2.22) maneuvers than with delivery of the posterior shoul
der (OR 1.36). Leung and colleagues90 found that among cases 
in which the McRoberts maneuver was unsuccessful, subsequent 
rotational methods and posterior arm deliver)' were similarly 
successful (72% vs. 63.6%) without a statistically significant 
increase in the rate of brachial plexus injury.

Suprapubic pressure is applied either directly downward 
onto the anterior presenting shoulder or by using a rocking 
motion from the fetal back toward the front. The aim of this 
maneuver is to decrease the bisacromial diameter by adducting 
the anterior shoulder and to deflect the bisacromial diameter to 
an oblique plane.

Rotational maneuvers routinely performed include the 
Rubin or Woods corkscrew maneuvers. The Rubin maneuver 
is performed by placing a hand into the vagina and applying 
pressure to the posterior aspect of the most accessible fetal shoul
der (Fig. 17-31). The shoulder is then pushed toward the ante
rior surface of the fetal chest. The proposed mechanism of this 
maneuver is via adduction of the fetal shoulder, which reduces 
the bisacromial diameter and allows for the anterior shoulder to 
be rotated and dislodged from behind the pubic symphysis. The
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Alternative method

FIG 17-30 Rotation of the anterior shoulder forward through a small 
arc or of the posterior shoulder forward through a larger one will often 
lead to descent and delivery of the shoulders. Forward rotation is 
preferred, because it tends to compress and diminish the size of the 
shoulder girdle, whereas backward rotation would open the shoulder 
girdle and increase its size.

Woods corkscrew maneuver is performed by placing the fingers on 
the anterior aspect of the posterior fetal shoulder and rotating 
the shoulder toward the fetal back. The suggested mechanism 
for this maneuver relates to an attempt at rotation of the fetal 
torso in a 180-degree fashion to allow descent with rotation, 
much like the movement of a threaded screw when rotated.

Change of maternal position into an “all fours” position 
(<Gaskin maneuver) may help to disimpact the fetal shoulder(s) 
to allow gravitational forces to push the posterior shoulder ante
riorly. This maneuver has not been tested prospectively nor has 
it been compared with the traditional shoulder dystocia-relieving 
maneuvers, and it may be impractical for some patients. Fetal 
monitors and IV lines may hinder the patient’s mobility, and 
neuraxial anesthesia with concomitant motor blockade may 
reduce strength, making this maneuver difficult. A series of 82 
consecutive cases of shoulder dystocia managed with the all- 
fours maneuver showed no increased maternal or neonatal mor
bidity or mortality and only one case of humerus fracture, noted 
in a fetus whose weight exceeded 4500 g.95

The use of routine episiotomy in the management of all 
shoulder dystocia cases has been advocated in the past but with 
litde scientific evidence in support of this practice. From a

FIG 17-31 The operator here inserts a hand and sweeps the posterior 
arm across the chest and over the perineum. Care should be taken 
to distribute the pressure evenly across the humerus to avoid unnec
essary fracture.

theoretic standpoint, it does not seem probable that an incision 
into the soft tissue of the vagina and perineum would be helpful 
in resolving an impaction of the bony structures of the fetal 
shoulders in the bony construct of the maternal pelvis. The need 
for cutting a generous episiotomy must be based on clinical 
circumstances, such as a narrow vaginal fourchette in a nul
liparous patient. Episiotomy can allow for greater access to 
the vagina for the performance o f the internal manipulations 
necessary for the rotational maneuvers or for delivery o f the 
posterior shoulder.91’

Two techniques rarely used in the United States for the 
management o f shoulder dystocia are vaginal replacement of 
the fetal head with subsequent cesarean delivery (Zavanelli 
maneuver) and subcutaneous symphysiotomy. These should 
be considered as heroic, last resort maneuvers to be performed 
after consideration of potentially significant maternal and fetal 
risks. In the Zavanelli maneuver, the fetal head is rotated back 
to a direct occiput anterior position and then subsequently 
flexed. Constant, firm pressure is used to push the head back 
into the vagina. Tocolytic agents or uterine-relaxing general 
anesthesia may be administered during the maneuver and in 
preparation for cesarean delivery. Use of the Zavanelli maneuver 
may be considered when impaction of the fetal shoulder on the 
sacral promontory has occurred, for bilateral shoulder dystocia,
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or when the posterior shoulder is not in the pelvis.97 Sandberg98 
reviewed the Zavanelli maneuver for both vertex- and breech- 
presenting undeliverable fetuses. Cephalic replacement was suc
cessful in 84 of 92 vertex-presenting fetuses; in 11 of 11 
breech-presenting fetuses, podalic replacement was successful. 
Maternal risks included soft tissue trauma and sepsis, but the 
fetal risks were described as “minimal,” with no fetal injuries 
attributed to the maneuver; this may be misleading because of 
the presence of a multitude of etiologies for permanent injury 
or death, likely from attempts at disimpaction, prolonged deliv
ery time, and hypoxia. O ’Leary99 described 35 cases, 31 of which 
were considered successful and one of which needed a hyster
otomy incision to allow manual disimpaction of the fetal shoul
ders to facilitate vaginal delivery when the fetal head could not 
be replaced into the vagina from below.

Subcutaneous symphysiotomy has been practiced in under
developed regions of the world for many years as an expedient 
alternative to cesarean delivery with very good results. However, 
in a case series of three symphysiotomies,100 the procedure was 
used as a last resort and was associated with the death of all three 
neonates because of hypoxic complications. Symphysiotomy 
was concluded to be safe and effective as long as attention is paid 
to the three main points in the procedure: 1) lateral support 
of the legs, 2) partial sharp dissection of the symphysis, and 
3) displacement of the urethra to the side with an indwelling 
urinary catheter.

Although patients are commonly placed in position for 
the McRoberts maneuver before delivery, currently available 
studies do not show clear benefit to these prophylactic mea
sures to prevent shoulder dystocia. In a study by Beall and 
colleagues,101 patients with estimated fetal weights in excess of 
3800 g were randomized to undergo a prophylactic McRoberts 
maneuver and suprapubic pressure before delivery of the fetal 
head or to undergo maneuvers only after delivery of the head, 
if  necessary. No differences were reported between the two 
groups in the average head-to-body time, the proportion of 
patients with head-to-body time greater than 60 seconds, and 
the proportion of identified shoulder dystocias. Patients in the 
prophylactic group had a significant increase in the risk of 
cesarean delivery (31/90 [34%] vs. 11/95 [12%], P<  .001). In 
a study by Poggi and associates,102 multiparous patients were 
randomized to delivery in the lithotomy position or were posi
tioned for the McRoberts maneuver after the fetal head was 
delivered. The peak force for delivery of the anterior shoulder, 
the peak force rate, and head-to-body delivery interval were not 
statistically different between the two groups. Similar numbers 
of clinical shoulder dystocias (one per group) were encountered 
in each study group.

Shoulder dystocia should be viewed as an obstetric emergency 
because of the short period of time required to relieve the 
obstruction prior to the onset of hypoxic brain injury. Contem
poraneous documentation o f the management o f shoulder 
dystocia is recommended to record significant facts, findings, 
and observations about the shoulder dystocia event and its 
sequelae. Although no standard has been defined as to what 
exactly should be documented, a useful guideline is the 
ACOG Patient Safety Checklist (e-Fig. 17-1).103 Many elec
tronic health records also allow easy documentation o f the 
following suggested items:

1. Type o f delivery; if  instrumented, document station and 
indication

2. Time interval between delivery o f the fetal head and body

3. Which shoulder was anterior or posterior
4. Timing and sequence o f maneuvers performed
5. Medical and nursing personnel in attendance
6. Neonatal assessment o f the baby
7. Presence or absence o f episiotomy
8. Timing, duration, and angle o f traction applied
9. Condition o f the infant: Apgar scores, umbilical cord 

blood gases, evidence o f fractures, and/or reduced move
ment o f either arm

10. Information given to the patient or family
Not all fetuses have the same baseline reserve during second- 

stage labor, so it is difficult to state an exact length of time in 
which HIE will occur if  delivery is not completed. Given the 
considerable overlap in delivery timing for neonates with and 
without injuries or depression, it is difficult to pinpoint an exact 
time within which delivery should ideally occur. Based on the 
current literature, it seems reasonable to consider extraordi
nary measures to effect delivery once 4 to 5 minutes have 
elapsed and the fetus is still undelivered. 0

1. Thorp JM  Jr, Jenkins T, Watson W. Utility of Leopold maneuvers in 
screening for malpresentation. Obstet Gynecol. 1991;78:394-396.

2. Sharma JB. Evaluation of Sharmas modified Leopold’s maneuvers: a new 
method for fetal palpation in late pregnancy. Arch G ynecol Obstet. 2009; 
279:481-487.

KEY POINTS

Fetal lie refers to the orientation of the fetal spine 
relative to that of the mother. Normal fetal lie is longi
tudinal and by itself does not connote whether the 
presentation is cephalic or breech.
Cord prolapse occurs 20 times as often with an abnor
mal axial lie as it does with a cephalic presentation. 
Fetal malformations are observed in more than half of 
infants with a face presentation.
Fetal malpresentation requires timely diagnostic exclu
sion of major fetal or uterine malformations and/or 
abnormal placentation.
A closely monitored labor and vaginal delivery is a safe 
possibility with face or brow malpresentations. However, 
cesarean delivery is the only acceptable alternative if 
normal progress toward spontaneous vaginal delivery is 
not observed.
External cephalic version of the infant in breech presen
tation near term is a safe and often successful manage
ment option. Use of tocolytics and epidural anesthesia 
may improve success.
Appropriate training and experience is a prerequisite to 
the safe vaginal delivery of selected infants in breech 
presentation.
In experienced hands, women with twins presenting 
vertex/nonvertex can undergo a trial of labor because 
this management has similar maternal and perinatal 
outcomes to a planned cesarean delivery 
A simple compound presentation may be permitted a 
trial of labor as long as labor progresses normally with 
reassuring fetal status. However, compression or reduc
tion of the fetal part may result in injury.
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Obstetric hemorrhage is one o f the leading causes o f mater
nal morbidity and mortality throughout the world. Hemor
rhage following delivery is the leading reason for an obstetric 
admission to the intensive care unit (ICU), and it is responsible 
for one third of all pregnancy-related deaths in both high- and 
low-income countries.1 Therefore it is critical for the obstetrician 
to have a thorough understanding of the hemodynamic changes 
that accompany pregnancy, the maternal adaptations that occur 
with excessive blood loss, and the management principles for 
obstetric hemorrhage.

PREGNANCY-RELATED HEMODYNAMIC 
CHANGES
Pregnancy is associated with five significant hemodynamic 
changes (see Chapter 3). The first of these changes is plasma 
volume expansion. The average singleton pregnancy is accom
panied by a 40% to 50% increase in plasma volume by the 
thirtieth week of gestation. This increase in plasma volume 
occurs along with the second change, an increase in red blood 
cell (RBC) mass. W ith appropriate substrate availability, RBC 
mass can be expected to increase 20% to 30% by the end of 
pregnancy. Third, maternal cardiac output rises with normal 
pregnancy owing to both increased stroke volume and increased 
heart rate. According to consensus, the average rise in cardiac 
output is 30% to 50% above nonpregnant levels, and the peak 
occurs in the early third trimester. Fourth, systemic vascular 
resistance falls in parallel with this rise in cardiac output and 
blood volume expansion. Fifth, fibrinogen and the majority of

procoagulant blood factors (II, VII, VIII, IX, and X) increase
during pregnancy. These five changes are protective of maternal 
hemodynamic status and thus allow for certain physiologic 
adaptations that accompany obstetric hemorrhage.

PHYSIOLOGIC ADAPTATION 
TO HEMORRHAGE
During pregnancy and the puerperium, a defined sequence of 
physiologic adaptations occurs with hemorrhage (Fig. 18-1). 
W hen 10% of the circulatory blood volume is lost, vasoconstric
tion occurs in both the arterial and venous compartments in 
order to maintain blood pressure and to preserve blood flow to 
essential organs. As blood loss reaches 20% or more of the total 
blood volume, increases in systemic vascular resistance can no 
longer compensate for the lost intravascular volume, and blood 
pressure decreases with a commensurate rise in heart rate. 
Cardiac output falls in parallel because of a loss in preload that 
results in poor end-organ perfusion. If the intravascular volume 
is not appropriately replaced, shock will ensue.

In severe preeclampsia (PE), these physiologic adaptations are 
altered. Unlike in most pregnant women, the protective mecha
nism of blood volume expansion is diminished with severe PE. 
It is estimated that plasma volume expansion is 9% lower in the 
setting of PE. In addition, because of the significant vasocon
striction that accompanies PE, blood loss in these patients may 
be underestimated because blood pressure is often maintained 
in the normotensive range. Finally, oliguria may not be as 
reliable an indicator of poor end-organ perfusion secondary to 
hemorrhage because reduced urine output is often a manifesta
tion of the severity of PE.

CLASSIFICATION OF HEMORRHAGE
A standard classification for acute blood loss is illustrated 
in Table 18-1. Understanding the physiologic responses 
that accompany varying degrees o f volume deficit can 
assist the clinician when caring for hemorrhaging patients.
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396 Section III Intrapartum Care

Blood volume deficit (%)

FIG 18-1 Relationships among systemic vascular resistance, blood 
pressure, and cardiac output in the face of progressive blood volume 
deficit.

TABLE 18-1 HEMORRHAGE CLASSIFICATION AND 
PHYSIOLOGIC RESPONSE

CLASS

ACUTE 
BLOOD 
LOSS (mL) % LOST

PHYSIOLOGIC
RESPONSE

1 1000 15 Dizziness, palpitations,

2 1500 20-25

minimal blood pressure 
change 

Tachycardia, tachypnea,

3 2000 30-35

sweating, weakness, 
narrowed pulse pressure 

Significant tachycardia and

4 >2500 40

tachypnea, restlessness, 
pallor, cool extremities 

Shock, air hunger, oliguria or
anuria

Modified from Baker RJ. Evaluation and management of critically ill patients. Obstet 
GynecolAnnu. 1977;6:295; and Bonnar J. Massive obstetric haemorrhage. Baillieres Best 
Pract Res Clin Obstet Gynaecol. 2000; 14:1.

Determination of the hemorrhage class reflects the volume 
deficit, which may not be the same as the volume loss. The 
average 70-kg pregnant woman maintains a blood volume of 
6000 mL by 30 weeks o f gestation (85 mL/kg).

Class 1 hemorrhage corresponds to approximately 1000 mL 
of blood loss. This blood loss correlates to a 15%  volume 
deficit. Women with this amount of volume deficit exhibit 
mild physiologic changes such as dizziness and palpitations 
owing to the hemodynamic adaptations that accompany normal 
pregnancy.

Class 2  hemorrhage is characterized by 1500 mL o f blood 
loss, or a 20%  to 25%  volume deficit. Early physical changes 
that occur during a hemorrhage of this class include tachycardia 
and tachypnea. Although tachycardia is usually recognized as a 
compensatory mechanism to increase cardiac output, the signifi
cance of tachypnea is unclear and is often unappreciated clini
cally. Tachypnea can represent a sign of impending clinical 
decompensation. Narrowing o f the pulse pressure is another

sign of a class 2 hemorrhage. The pulse pressure represents the 
difference between the systolic and diastolic blood pressures. 
Systolic blood pressure is a good representation of stroke volume 
and Pi stimulation. Diastolic blood pressure is a reflection of 
systemic vasoconstriction; therefore the pulse pressure represents 
the interrelationship between these entities. W ith a class 2 
volume deficit, the sympathoadrenal system is activated, which 
results in a diversion of blood away from nonvital organs (skin, 
muscle, and kidney) and a redistribution of the circulation to 
vital body organs, including the brain and heart. The end result 
is increased vasoconstriction, increased diastolic blood pressure, 
maintenance of systolic blood pressure, and a narrowing of the 
pulse pressure. W ith greater narrowing of the pulse pressure, 
more compensatory vasoconstriction occurs to accommodate for 
a loss in stroke volume. A final physiologic response of class 2 
hemorrhage is orthostatic hypotension. Although blood pres
sure comparisons can be made in the supine, sitting, and stand
ing positions to document this response, a practical approach is 
to assess the time needed to refill a blanched hypothenar area 
on the patient’s hand. Typically, a patient with normal volume 
status can reperfuse this area within 1 to 2 seconds after pressure 
is applied. A patient with a class 2 hemorrhage and orthostatic 
hypotension will have significant reperfusion delay.

Class 3  hemorrhage is defined as a blood loss o f 2000 mL 
and corresponds to a volume deficit o f 30%  to 35% . W ithin 
this hemorrhage class, the physiologic responses noted in class
2 hemorrhage are exaggerated. Patients demonstrate significant 
tachycardia (120 to 160 beats/min), tachypnea (30 to 50 
breaths/min), overt hypotension, restlessness, pallor, and cool 
extremities.

Class 4  hemorrhage is characterized by more than 2500 mL 
of blood loss. This amount of blood loss exceeds 40%  o f the 
patient’s total blood volume. The clinical manifestations of this 
volume deficit include absent distal pulses, shock, air hunger,
and oliguria or anuria. When significant hemorrhage occurs, 
renal blood flow is reduced and is redirected from the outer renal 
cortex to the juxtamedullary region. In this region, increased 
water and sodium absorption occur and result in decreased urine 
volume, lower urinary sodium concentration, and increased 
urine osmolarity. A urine sodium concentration less than 10 
to 20 mEq/L or a urine/serum osmolar ratio greater than 2 
indicates significantly reduced renal perfusion in the face of 
hemorrhage.

ANTEPARTUM HEMORRHAGE 
Placental Abruption 
Definition and Pathogenesis
Placental abruption, or abruptio placentae, refers to the pre
mature separation o f a normally implanted placenta from the 
uterus prior to delivery o f the fetus. The diagnosis is typically 
reserved for pregnancies at greater than 20 weeks of gestation. 
Abruption is characterized by defective maternal vessels in the 
decidua basalis, which rupture and cause the separation. On rare 
occasions, the separation may be caused by a disruption of the 
fetal-placental vessels. These damaged vessels cause bleeding, 
which results in a decidual hematoma that may promote placen
tal separation, destruction of placental tissue, and a loss of 
maternal-fetal surface area for nutrient and gas exchange.

Whereas some placental abruptions may occur acutely 
after a sudden mechanical event (e.g., blunt trauma, sudden 
uterine decompression, or motor vehicle accident), most

----- Systematic vascular resistance

—  Blood pressure

—  Cardiac output
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Chapter 18 Antepartum and Postpartum Hemorrhage 397

cases result from more chronic processes. Abnormal develop
ment of the spiral arteries can lead to decidual necrosis, inflam
mation, infarction, and bleeding due to vascular disruption.3 6 
Thrombin, which is released in response to decidual hemorrhage 
or hypoxia, appears to play an active role in the pathogenesis 
of placental abruption. Thrombin acts as a direct uterotonic, 
enhances the action of matrix metalloproteinases, upregulates 
apoptosis genes, increases the expression of inflammatory cyto
kines, triggers the coagulation cascade, and initiates functional 
progesterone withdrawal.7"9 These thrombin-mediated events 
initiate a cyclic pathway of vascular disruption, hemorrhage, 
inflammation, contractions, and rupture of membranes.5

Incidence
The overall incidence o f placental abruption is approximately
1 in 100 births; however, a range of 1 in 80 to 1 in 250 deliver
ies has been reported.10'11 The range in incidence likely reflects 
variable criteria for diagnosis as well as an increased recognition 
in recent years of milder forms of abruption. About one third 
of all antepartum bleeding can be attributed to placental 
abruption, which peaks in the third trimester; 40%  to 60%  
of abruptions occur prior to 37 weeks o f gestation."1

Clinical Manifestations
Several factors determine the clinical manifestations o f pla
cental abruption. These factors include (1) the temporal nature 
of the abruption (acute vs. chronic), (2) clinical presentation
(overt vs. concealed), and (3) severity. An acute, overt abruption 
typically presents with vaginal bleeding, abdominal pain, and 
uterine contractions. As the placental separation worsens, uterine 
tenderness, tachysystole, fetal heart rate (FHR) patterns consis
tent with hypoxia, and fetal death may occur. The amount of 
vaginal bleeding correlates poorly with the extent o f placen
tal separation and its potential for fetal compromise. In fact, 
concealed abruption occurs in 10%  to 20%  o f cases. " W ith 
severe abruptions, more than 50% of the placental surface area 
separates. W ith extensive abruption, a significant risk for fetal 
death exists, and maternal compromise in the form of consump
tive coagulopathy may result from the triggering of the clotting 
cascade by hemorrhage and extensive thrombin deposition.

Chronic abruption may be insidious in its presentation 
and is often associated with ischemic placental disease.1 
Typically, these cases present with intermittent, light vaginal 
bleeding and evidence of chronic placental inflammation and 
dysfunction, such as oligohydramnios, fetal growth restric
tion, preterm labor, premature preterm rupture of membranes 
(PPROM), and PE.

Risk Factors
Although the exact etiology o f placental abruption is unclear, a 
variety of risk factors have been identified (Box 18-1).

INCREASING PARITY AND MATERNAL AGE
Several studies have noted a higher incidence o f placental 
abruption with increasing parity. Among primigravid women, 
the frequency of placental abruption is less than 1%; however, 
2.5% of grand multiparas experience placental abruption. 
Theories suggest that damaged endometrium, impaired decidu- 
alization, and aberrant vasculature may have causal roles with 
increasing parity or age.

Maternal age is often cited as an associated risk factor 
for placental abruption. Although a 15-year population-based

BOX 18-1 RISK FACTORS FOR PLACENTAL ABRUPTION

Increasing parity and maternal age 
Maternal substance use

• Cigarette smoking
• Cocaine abuse 

Trauma
Maternal diseases

• Hypertension
• Hypothyroidism
• Asthma

Preterm premature rupture of membranes 
Rapid uterine decompression associated with multiple 

gestation and polyhydramnios 
Uterine and placental factors

• Anomalies
• Synechiae
• Fibroids
• Cesarean scar
• Abnormal placental formation
• Chronic ischemia 

Prior abruption 
Hyperhomocysteinemia

study in Norway was able to demonstrate a strong relationship 
between maternal age and placental abruption for all levels of 
parity, others studies suggest that there is no increased risk for 
placental abruption among older women when parity and 
hypertensive disease are excluded.

MATERNAL SUBSTANCE ABUSE
Cigarette smoking is associated with a significantly increased 
incidence o f placental abruption and fetal death. There 
appears to be a dose-response relationship with the number 
of cigarettes smoked and the risks for placental abruption and 
fetal loss. Compared with nonsmokers, smokers have a 40% 
increased risk for fetal death from placental abruption with each 
pack of cigarettes smoked. In addition, smoking and hyperten
sive disease appear to have an additive effect on the likelihood 
of placental abruption. Proposed etiologies include placental 
hypoperfusion with resulting decidual ischemia and necrosis.

Cocaine abuse in the third trimester has been associated 
with as high as a 10% placental abruption rate. The patho
genesis appears to be related to cocaine-induced vasospasm with 
subsequent decidual ischemia, reflex vasodilation, and vascular 
disruption within the placental bed.

TRAUMA
Blunt or penetrating trauma to the gravid abdomen has been 
associated with placental abruption. After a minor trauma,
the risk for placental abruption is between 7% and 9%, whereas 
the risk may be as high as 13% after severe injury.14 The 
two most common causes of maternal trauma are motor 
vehicle crashes and domestic abuse. W ith motor vehicle crashes, 
uterine stretch, direct penetration, and placental shearing from 
acceleration-deceleration forces are the primary etiologies of 
trauma-related placental abruption (see Chapter 26).

MATERNAL DISEASES
Maternal hypertension has been the most consistently identi
fied risk factor for placental abruption.13 This relationship 
has been observed with both chronic and pregnancy-related 
hypertensive disease. Compared with normotensive women, 
hypertensive women have a fivefold increased risk for placental
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abruption. Unfortunately, antihypertensive therapy has not been 
shown to reduce the risk for placental abruption in women with 
chronic hypertension.

Maternal subclinical hypothyroidism and asthma have also 
been associated with placental abruption in some studies.15’16

PRETERM PREMATURE RUPTURE OF MEMBRANES
Placental abruption occurs in 2% to 5% o f pregnancies with 
PPROM. Intrauterine infection and oligohydramnios signifi
cantly increase the risk for placental abruption, and nonreassur
ing FHR patterns occur in nearly half of these pregnancies.

It is unclear whether placental abruption is the cause or con
sequence of PPROM. Hemorrhage and associated thrombin 
generation may stimulate cytokine and protease production, 
which results in membrane rupture. Alternatively, the cytokine- 
protease cascade that follows ruptured membranes may cause 
damage to the decidual vasculature, which predisposes the pla
centa to separation.

RAPID UTERINE DECOMPRESSION ASSOCIATED WITH 
MULTIPLE GESTATIONS AND POLYHYDRAMNIOS
Rapid decompression of an overdistended uterus can precipi
tate an acute placental abruption. This may occur in the 
setting o f multiple gestations or with polyhydramnios. Com
pared with singletons, twins have been reported to have nearly 
a threefold increased risk for placental abruption. Although the 
exact timing of placental abruption in multiple gestations is 
difficult to ascertain, it has been attributed to rapid decompres
sion of the uterus after the delivery of the first twin. Likewise, 
rapid loss of amniotic fluid in pregnancies complicated by poly
hydramnios has been implicated in placental abruption. This can 
occur with spontaneous rupture of membranes or may follow 
therapeutic amniocentesis. For this reason, controlled artificial 
rupture of membranes with induction of labor may be advisable 
if  significant polyhdramnios complicates pregnancy.

UTERINE AND PLACENTAL FACTORS
Suboptimal placental implantation in patients with uterine 
anomalies, synechiae, fibroids, and cesarean scars is associ
ated with abruption.17 In addition, abnormal placental forma
tion (e.g., circumvallate placenta) or chronic ischemia associated 
with PE and fetal growth restriction have been implicated in 
placental abruption.18

PRIOR ABRUPTION
Women who have had a previous abruption are at significant 
risk for recurrent abruption. After one abruption, the recur
rence risk is 5% to 15%, whereas the risk increases to 20%  
to 25%  after two abruptions.11 The risk o f recurrence is 
greater after a severe abruption. When an abruption is associ
ated with fetal demise, there is a 7% incidence o f the same 
outcome in a future gestation.

THROMBOPHILIA
Inconsistent data exist regarding an association among throm
bophilias and placental abruptions.20,21 Hyperhomocysteinemia 
(a fasting homocysteine level >15 |imol/L) may be associated 
with recurrent abruption.

Diagnosis
Placental abruption is primarily a clinical diagnosis that 
is supported by radiographic, laboratory, and pathologic

studies. Any findings of vaginal bleeding, uterine contractions, 
abdominal and/or back pain, or trauma should prompt an inves
tigation for potential placental abruption. Vaginal bleeding 
may range from mild to severe. Unfortunately, bleeding may be 
underestimated because it can be retained behind the placenta. 
The typical abruption contraction pattern is high frequency 
and low amplitude; however, it may simulate labor in some 
circumstances.

RADIOLOGY
Although early studies that evaluated the use ot ultrasound for 
the diagnosis of placental abruption identified less than 2% of 
cases, recent advances in imaging and its interpretation have 
improved detection rates. Early hemorrhage is typically hyper- 
echoic or isoechoic, whereas resolving hematomas are hypoechoic 
within 1 week and sonolucent within 2 weeks of the abruption. 
Acute hemorrhage may be misinterpreted as a homogeneous 
thickened placenta or fibroid.

Ultrasound can identify three predominant locations for 
placental abruption. These are subchorionic (between the 
placenta and the membranes), retroplacental (between the pla
centa and the myometrium), and preplacental (between the 
placenta and the amniotic fluid). Figure 18-2 illustrates the clas
sification of hematomas in relation to the placenta. Figure 18-3 
demonstrates a sonographic representation of a subchorionic 
abruption.

The location and extent of the placental abruption identi
fied on ultrasound examination is of clinical significance. 
Retroplacental hematomas are associated with a worse prog
nosis for fetal survival than subchorionic hemorrhage.
The size of the hemorrhage is also predictive of fetal survival. 
Large retroplacental hemorrhages (>60 mL) have been associ
ated with a 50% or greater fetal mortality, whereas similarly 
sized subchorionic hemorrhages are associated with a 10% mor
tality risk.22

Magnetic resonance imaging (MRI) has been used occasion
ally for the diagnosis of placental abruption when sonography 
is equivocal.23,2

LABORATORY FINDINGS
Few laboratory studies assist in the diagnosis of placental abrup
tion. Hypofibrinogenemia and evidence o f consumptive 
coagulopathy may accompany severe abruption; however, 
clinical correlation is necessary. Moreover, most abruptions are 
not accompanied by maternal coagulopathy.

Abnormal serum markers early in pregnancy, such as an unex
plained elevated maternal serum a-fetoprotein (MSAFP) or 
human chorionic gonadotropin (hCG) and decreased pregnancy- 
associated plasma protein A (PAPP-A) or estriol, have been 
associated with an increased risk for subsequent placental 
abruption.18,25

PATHOLOGIC STUDIES
Macroscopic inspection o f the placenta may demonstrate 
adherent clot and depression o f the placental surface. Fresh 
or acute placental abruptions may not have any identifiable 
evidence on gross pathologic examination, but histologic analy
sis may show preservation of the villous stroma, eosinophilic 
degeneration of the syncytiotrophoblast, and scattered neutro
phils with villous agglutination.5 Chronic abruptions may 
demonstrate histologic signs of chronic deciduitis, maternal 
floor decidual necrosis, villitis, decidual vasculopathy, infarction,

ak
us

he
r-li

b.r
u



Chapter 18 Antepartum and Postpartum Hemorrhage 399

FIG 18-2 The classification system of placental abruption. A, Retroplacental abruption. The bright red area represents a blood collection behind 
the placenta (dark red). B, Subchorionic abruption. The bright red area represents subchorionic bleeding, which is observed to dissect along 
the chorion. C, Preplacental abruption. The bright red area represents a blood collection anterior to the placenta within the amnion and chorion 
(subamniotic). (From Trop I, Levine D. Hemorrhage during pregnancy: sonography and MR imaging. AJR Am J Roentgenol. 2001:176:607.)

intervillous thrombosis, villous maldevelopment, and hemosid
erin deposition.'1

Management
Both maternal and fetal complications may occur with 
placental abruption. Maternal complications include blood 
loss, consumptive coagulopathy, need for transfusion, end- 
organ damage, cesarean delivery, and death. Fetal compli
cations include intrauterine growth restriction (IUGR),

oligohydramnios, prematurity, hypoxemia, and stillbirth.
Although maternal complications are related to the severity of 
the abruption, fetal complications are related to both the severity 
and timing of the hemorrhage.12

Despite its relative frequency, no randomized trials and few 
studies have examined management approaches for placental 
abruption.26 Typically, management o f placental abruption 
depends on the severity, gestational age, and maternal-fetal 
status. Once the diagnosis of placental abruption has been
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FIG 18-3 Ultrasonic image of a subchorionic abruption. (Courtesy K. 
Francois.)

made, precautions should be taken to anticipate the possible 
life-threatening consequences for both mother and fetus. These 
precautions include baseline laboratory assessment (hemoglo
bin, hematocrit, platelet count, type and screen, fibrinogen, 
and coagulation studies), appropriate intravenous (IV) access 
(large-bore catheter), availability o f blood products, continu
ous FHR and contraction monitoring, and communication 
with operating room (OR) and neonatal personnel.

Small placental abruptions remote from term (<34 weeks) 
may be managed expectandy. W ith cases of chronic abruption, 
clinical circumstances that include gestational age and the extent 
of the abruption influence the need for prolonged hospitaliza
tion until delivery. In many cases, a cyclic event of bleeding, 
thrombin generation, contractions, and further placental separa
tion occurs. Tocolysis may help prevent contractions and thus 
may break the abruption cycle. If the maternal-fetal status is 
stable, a trial of tocolysis for documented preterm labor and 
administration of antenatal corticosteroid therapy can be con
sidered. Whereas the choice of tocolysis should be individual
ized, magnesium sulfate administration may confer an added 
benefit of fetal neuroprotection. Reported series of expectant 
management in preterm gestations with placental abruption 
have shown a significant prolongation of the pregnancy (>1 
week) in more than 50% of patients without adverse maternal 
or fetal outcomes. In a large series of preterm patients who 
presented with placental abruption and received tocolysis, about 
one third delivered within 48 hours of admission, one third 
delivered within 7 days, and one third delivered more than 1 
week from initial presentation. No cases of intrauterine demise 
were reported in women who presented with a live fetus. 
Although these results are encouraging, the clinician must always 
keep in mind that placental abruption can result in both mater
nal and fetal morbidity. Any attempt to arrest preterm labor in 
a known or suspected placental abruption must be weighed 
against the likelihood of neonatal survival and morbidity, the 
severity of the abruption, and the safety of the mother.

Women who present at or near term with a placental 
abruption should undergo delivery. Induction or augmen
tation o f labor is not contraindicated in the setting o f an 
abruption; however, close surveillance for any evidence of 
maternal or fetal compromise is advised. Continuous FHR 
monitoring is recommended because 60% of fetuses may exhibit 
intrapartum heart rate patterns consistent with hypoxia.

Intrauterine pressure catheter (IUPC) placement and internal 
FHR monitoring can assist the clinician during the intrapartum 
course. IUPC monitoring may demonstrate elevated uterine 
resting tone, which can be associated with fetal hypoxia. Mater
nal hemodynamic and clotting parameters must be followed 
closely to detect signs of evolving coagulopathy. Although 
vaginal delivery is generally preferable, operative delivery is 
often necessary owing to fetal or maternal decompensation. 
W hen cesarean delivery is required, a rapid decision-to-delivery 
time is optimal because an interval of less than 20 minutes 
from the onset of fetal bradycardia is associated with improved 
outcomes. A Couvelaire uterus, also known as uteroplacental apo
plexy, is characterized by extravasation of blood into the myo
metrium; it may be noted in some cases and is often associated 
with significant uterine atony. Administration of uterotonic 
therapy usually improves the condition. Hysterectomy should 
be reserved for cases of atony and hemorrhage unresponsive 
to conventional uterotonic therapies and replacement of blood 
products.

The management o f women with consumptive coagu
lopathy and fetal demise requires a thorough knowledge of 
the natural history o f severe placental abruption. Nearly five 
decades ago, Pritchard and Brekken noted several clinically 
important observations: (1) about 40% of patients with placen
tal abruption and fetal demise will demonstrate signs of con
sumptive coagulopathy; (2) within 8 hours of initial symptoms, 
hypofibrinogenemia will be present; (3) severe hypofibrinogen- 
emia w ill not recover without blood product replacement; 
and (4) the time course for recovery from hypofibrinogenemia 
is roughly 10 mg/dL per hour after delivery of the fetus and 
placenta.

When managing women with severe placental abruptions and 
fetal demise, maintenance of maternal volume status and replace
ment of blood products is essential. Although operative delivery 
may appear to lead to the most rapid resolution of the problem, 
it may pose significant risks to the patient. Unless the consump
tive coagulopathy is corrected, surgery can result in uncontrol
lable bleeding and an increased need for hysterectomy. The 
uterus does not need to be evacuated before coagulation status 
can be restored. Blood product replacement and delayed delivery 
until hematologic parameters have improved are generally asso
ciated with good maternal outcomes.

Neonatal Outcome
Placental abruption is associated with increased perinatal 
morbidity and mortality. When compared with normal preg
nancies, pregnancies complicated by abruption have a tenfold 
increased risk for perinatal death. A case-control study has also 
shown a greater risk for adverse long-term neurobehavioral 
outcomes in infants delivered after placental abruption. Neo
nates at risk for abnormal outcomes had higher incidences of 
abnormal FHR tracings (45%) and emergency cesarean deliver
ies (53%) compared with controls (10% and 10%, respectively). 
Finally, hypoxia-associated periventricular leukomalacia and 
sudden infant death syndrome (SIDS) are more common in 
newborns delivered after placental abruptions.

P la c e n t a  P r e v ia  
Definition and Pathogenesis
Placenta previa is defined as the presence o f placental tissue 
over or adjacent to the cervical os. Traditionally, four variations 
of placenta previa were recognized: 1) complete, 2) partial,
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3) marginal, and 4) low lying.2 Although complete placenta 
previa has been the term used to refer to the total coverage of 
the internal cervical os by placental tissue, the differences among 
the terms partia l (placental edge partially covering the internal 
cervical os), marginal (placental edge at the margin of the inter
nal cervical os), and low lying (placental edge within 2 cm of the 
interval cervical os) were often subtle and varied by the timing 
and method of diagnosis. Improved ultrasound technology and 
precision have allowed for more accurate assessments of the 
placental location in relation to the cervical os. Recent revised 
classification o f placenta previa consists o f two variations: 
true placenta previa, in which the internal cervical os is 
covered by placental tissue, and low-lying placenta, in which 
the placenta lies within 2 cm o f the cervical os but does not 
cover it.27 Although not a true placenta previa, low-lying pla
centas are associated with increased risks for bleeding and other 
adverse pregnancy events.28

Incidence
The overall reported incidence o f placenta previa at delivery 
is 1 in 200 births. In the second trimester, placenta previa 
may occur in up to 6% o f pregnancies.29 The term placental 
migration has been used to explain this “resolution” o f pla
centa previa that is noted near term. Three theories have been 
suggested to account for this phenomenon. The first hypoth
esis proposes that as the pregnancy advances, the stationary 
lower placental edge relocates away from the cervical os with the 
development of the lower uterine segment. Indeed, the lower 
uterine segment has been noted to increase from 0.5 cm at 20 
weeks to more than 5 cm at term. Secondly, the placenta-free 
uterine wall has been proposed to grow at a faster rate than the 
uterine wall covered by the placenta. A final hypothesis suggests 
that trophotropism, the growth of trophoblastic tissue away from 
the cervical os toward the fundus, results in resolution of the 
placenta previa.30

Clinical Manifestations
Placenta previa typically presents as painless vaginal bleed
ing in the second or third trimester. The bleeding is believed 
to occur from disruption of placental blood vessels in association 
with the development and thinning out of the lower uterine 
segment. Between 70%  and 80%  o f patients with placenta 
previa will have at least one bleeding episode. About 10% to 
20% of patients present with uterine contractions before bleed
ing, and fewer than 10% remain asymptomatic until term. Of 
those with bleeding, one third o f women will present before 
30 weeks o f gestation, one third between 30 and 36 weeks, 
and one third after 36 weeks. Early-onset bleeding (<30 weeks) 
carries with it the greatest risk for blood transfusion and associ
ated perinatal morbidity and mortality.

Risk Factors
Several risk factors for placenta previa have been noted (Box 
18-2). Additionally, some reports have documented a higher 
association of fetal malpresentation, preterm labor, PPROM, 
IUGR, congenital anomalies, and amniotic fluid embolism with 
placenta previa.31

INTRINSIC MATERNAL FACTORS
Studies have reported more cases o f placenta previa with
increasing parity. Grand multiparas have been reported to have 
a 5% risk for placenta previa compared with 0.2% among

BOX 18-2 RISK FACTORS FOR PLACENTA PREVIA

Intrinsic maternal factors
• Increasing parity
• Advanced maternal age
• Maternal race 

Extrinsic maternal factors
• Cigarette smoking
• Cocaine use
• Residence at higher elevation
• Infertility treatments 

Fetal factors
• Multiple gestations
• Male fetus 

Prior placenta previa
Prior uterine surgery and cesarean delivery

nulliparous women. Maternal age also seems to influence the 
occurrence o f placenta previa. Women older than 35 years of 
age have more than a fourfold increased risk for placenta previa, 
and women older than 40 years of age have a ninefold greater 
risk. Finally, maternal race has been associated with placenta 
previa. In a large population-based cohort,32 the rate of placenta 
previa among white, black, and other races was 3.3, 3, and 4.5 
per 1000 births, respectively Asian women appear to have the 
highest rates of placenta previa.

EXTRINSIC MATERNAL FACTORS
Cigarette smoking has been associated with as high as a 
threefold increased risk for previa formation. Likewise, a case- 
control study has demonstrated that maternal cocaine use 
increases the risk o f placenta previa fourfold. Residence at 
higher elevations may also contribute to previa development. 
The need for increased placental surface area secondary to 
decreased uteroplacental oxygenation may play a role in this 
association. Finally, prior infertility treatment is statistically 
associated with higher rates o f placenta previa.33

FETAL FACTORS
Controversy exists regarding an increased risk for placenta 
previa with multiple gestations. Although some studies have 
shown a higher incidence of placenta previa among twins, others 
have not documented a significantly increased risk.34 A consis
tently higher proportion o f offspring in women with placenta 
previa are male. This association is unexplained; however, two 
theories suggest larger placental sizes among male fetuses and 
delayed implantation of the male blastocyst in the lower uterine 
segment.

PRIOR PLACENTA PREVIA
Having had a prior placenta previa increases the risk for the 
development o f another previa in a subsequent pregnancy.
This association has been reported to be as high as an eightfold 
relative risk. The exact etiology for this increased risk is unclear.

PRIOR 0TERINE SURGERY AND PRIOR CESAREAN DELIVERY
Prior uterine surgery has been associated with placenta 
previa formation. Although a history of curettage and/or myo
mectomy attends a slightly elevated previa risk, prior cesarean 
delivery has been the most consistent risk factor. In the preg
nancy following a cesarean delivery, the risk for placenta 
previa has been reported to range from 1% to 4% .35,36 A 
linear increase is seen in placenta previa risk with the number
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of prior cesarean deliveries. Placenta previa occurs in 0.9% of 
women with one prior cesarean delivery, in 1.7% of women with 
two prior cesarean deliveries, and in 3% of those with three or 
more cesarean deliveries.3 In patients with four or more cesarean 
deliveries, the risk for placenta previa has been reported to be as 
high as 10%.35 Endometrial scarring is thought to be the etio- 
logic factor for this increased risk.

Diagnosis
The timing of the diagnosis of placenta previa has undergone 
significant change in the past four decades. Painless third- 
trimester bleeding was a common presentation for placenta 
previa in the past, whereas most cases o f placenta previa are 
now detected antenatally with ultrasound prior to the onset 
of significant bleeding.

RADIOLOGY
Transabdominal and transvaginai ultrasound provide the 
best means for diagnosing placenta previa. Although transab
dominal ultrasound can detect at least 95% of placenta previa 
cases, transvaginai ultrasound has a reported diagnostic accuracy 
that approaches 100%. Typically, a combined approach can be 
used in which transabdominal ultrasound is the initial diagnos
tic modality, followed by transvaginai ultrasound for uncertain 
cases. Transvaginai ultrasound is safe and is not contraindicated 
in these circumstances. O f note, quality images can be obtained 
using transvaginai ultrasound without the probe contacting the 
cervix (Fig. 18-4).

If a placenta previa or low-lying placenta is diagnosed in 
the second trimester, repeat sonography should be obtained 
in the early third trimester at 32 weeks.' More than 90%  o f 
the cases o f placenta previa diagnosed in the second trimester 
resolve by term. The potential for placenta previa resolution 
is dependent on the timing o f the diagnosis, extension over 
the cervical os, and placental location. For example, one study 
of 714 women with an ultrasound diagnosis of placenta previa 
noted that the earlier the diagnosis, the more likely the previa 
would resolve by term (Table 18-2). In addition, complete pla
centa previa diagnosed in the second trimester will persist into 
the third trimester in 26% of cases, whereas a low-lying placenta 
will persist in only 2.5% of cases. Finally, anterior placenta 
previa is less likely to migrate away from the cervical os than 
posterior placement.

Occasionally, MRI may be used to diagnose placenta previa. 
MRI is particularly helpful with posterior placenta previa iden
tification and assessment of invasive placentation (see below).

Management
General management principles for patients with placenta 
previa in the third trimester include serial ultrasounds 
to assess placental location and fetal growth, avoidance of 
cervical examinations and intercourse, activity restrictions, 
counseling regarding labor symptoms and vaginal bleeding, 
dietary and nutrient supplementation to avoid maternal 
anemia, and early medical attention i f  any vaginal bleeding

ASYMPTOMATIC PLACENTA PREVIA
A recent working group has given specific recommendations for 
management of asymptomatic placenta previa at varying gesta
tional ages.27 For pregnancies at greater than 16 weeks of gesta
tion with a low-lying placenta (placental edge within 2 cm from

FIG 18-4 Transabdominal and transvaginai ultrasounds of low-lying pla
centa. Arrows identify the placental edge. (Courtesy K. Francois.)

TABLE 18-2 POTENTIAL FOR PLACENTA PREVIA 
AT TERM BY GESTATIONAL AGE 
AT DIAGNOSIS

GESTATIONAL AGE AT  
DIAGNOSIS (WK)

15-19
20-23
24-27
28-31
32-35

PREVIA AT TERM <%)

12
34
49
62
73

From Dashe JS, Mclntire DD, Ramus RM, et al. Persistence of placenta previa according 
to gestational age at ultrasound detection. Obstet Gynecol. 2002;99:692.

the internal cervical os) or a placenta previa, repeat ultrasound 
to assess placental location is recommended at 32 weeks. If a 
low-lying placenta or placenta previa persists at 32 weeks, repeat 
sonography is again obtained at 36 weeks.

Asymptomatic women with placenta previa may be 
managed expectandy as outpatients. Although some sono
graphic features have been associated with a higher likelihood 
of bleeding— such as complete placental coverage of the cervical 
os, a thickened placental edge, echo-free placental space over the 
cervical os, and cervical length less than 3 cm— it is not possible 
to predict all cases of bleeding that result from placenta previa.30 
W ith this in mind, asymptomatic patients should be instructed
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to avoid activities that may stimulate uterine contractions and/ 
or cervical irritation, such as strenuous exercise, intercourse, and 
digital cervical examinations. Several studies have documented 
the safety, efficacy, and cost savings of outpatient management 
for asymptomatic placenta previa. Candidates for outpatient 
management must (1) be compliant, (2) live within a short 
commute from the hospital, (3) have 24-hour emergency 
transportation to the hospital, and (4) verbalize a thorough 
understanding o f the risks associated with placenta previa.

BLEEDING PLACENTA PREVIA
Women with placenta previa who present with acute vaginal 
bleeding require hospitalization and immediate evaluation 
to assess maternal-fetal stability. They should initially be 
managed in a labor and delivery unit with hemodynamic 
surveillance o f the mother and continuous FHR monitoring. 
Large-bore IV access and baseline laboratory studies (hemo
globin, hematocrit, platelet count, blood type and screen, and 
coagulation studies) should be obtained. If the pregnancy is less 
than 34 weeks o f gestation, administration o f antenatal cor
ticosteroids should be undertaken as well as an assessment of 
the facility’s emergency resources for both the mother and the 
neonate. In some cases, maternal transport and consultation 
with a maternal-fetal medicine specialist and a neonatologist 
may be warranted. Finally, tocolysis may be used i f  the vaginal 
bleeding is preceded by or associated with uterine contrac
tions. Whereas various agents have been used, magnesium 
sulfate is often preferred as a first-line agent because of its limited 
potential for hemodynamic-related maternal side effects and its 
added benefit for fetal neuroprotection.30

Once stabilized, most women with symptomatic placenta 
previa can be maintained on hospitalized bed rest and expec
tantly managed. In several observational studies, 50% of women 
with bleeding placenta previa were undelivered in 4 weeks, 
including those with initial bleeding episodes of more than 
500 mL. M inim izing maternal anemia by using blood conserva
tion techniques is recommended. Although some patients may 
require transfusion, many patients can be supplemented with 
iron replacement (oral or IV), vitamin C to enhance oral iron 
absorption, and B vitamins. Erythropoietin may be used in 
selected cases to hasten red cell formation. Lastly, autologous 
donation may be considered in patients with hemoglobin con
centrations greater than 11 g/dL.38 ’ 1

Although maternal hemorrhage is of the utmost concern, 
fetal blood can also be lost during the process o f placental 
separation with a bleeding placenta previa. RhO(D) immune 
globulin should be given to all Rh-negative unsensitized 
women with third-trimester bleeding from placenta previa. 
A Kleihauer-Betke preparation of maternal blood should be 
considered. Occasionally, a fetomaternal hemorrhage of greater 
than 30 mL occurs that necessitates additional doses of Rh0(D) 
immune globulin. One study noted that 35% of infants whose 
mothers received an antepartum transfusion were also anemic 
and required a transfusion following delivery.

DELIVERY
Cesarean delivery is indicated for all women with sono
graphic evidence o f placenta previa and most women with 
low-lying placenta. W hen the placental distance is between 1 
and 20 mm from the internal cervical os, the rate of cesarean 
delivery ranges from 40% to 90% .40 If a vaginal trial of labor is 
attempted for a low-lying placenta, precautions should be taken

for the possibility of an emergent cesarean delivery and need for 
blood transfusion.

A consensus panel has given delivery-timing guidelines for 
uncomplicated placenta previa,22 which includes cases with 
normal fetal growth and no other pregnancy-associated compli
cations. Cesarean delivery o f asymptomatic placenta previa 
should occur between 360/7 and 370/' weeks o f gestation. 
In cases o f complicated placenta previa, delivery should 
occur immediately regardless o f gestational age. Complicated 
placenta previa includes bleeding associated with a nonreas
suring fetal heart pattern despite resuscitative measures, life- 
threatening maternal hemorrhage, and/or refractory labor.30

When performing a cesarean delivery for placenta previa, 
the surgeon should be aware o f the potential for rapid blood 
loss during the delivery process. Blood products that are cross
matched should be readily available for delivery. In addition, 
before incising the lower uterine segment, the surgeon should 
assess the vascularity of this region. Although a low transverse 
incision is not contraindicated in patients with placenta previa, 
performing a vertical uterine incision may be preferable in some 
cases. This is particularly true with an anterior placenta previa. 
Ideally, the placenta should not be disrupted when entering the 
uterus. If disruption occurs, expedited delivery is essential. 
Given the potential for invasive placentation, the physician 
should allow the placenta to spontaneously deliver. If it does not 
separate easily, precautions should be taken for placenta accreta 
management (see below). Once the placenta separates, bleeding 
is controlled by the contraction of uterine myometrial fibers 
around the spiral arterioles. Because the lower uterine segment 
often contracts poorly, significant bleeding may occur from the 
placental implantation site. Aggressive uterotonic therapy, surgi
cal intervention, and/or tamponade techniques should be under
taken to rapidly control bleeding. Finally, some studies have 
shown reduced bleeding at the placental site with the injection 
of subendometrial vasopressin after delivery of the fetus.41

A s s o c ia t e d  C o n d it io n s  
Placenta Accreta 
DEFINITION AND PATHOGENESIS
Placenta accreta represents the abnormal attachment o f the 
placenta to the uterine lining due to an absence o f the decidua 
basalis and an incomplete development of the fibrinoid layer.
Variations of placenta accreta include placenta increta and pla
centa percreta, in which the placenta extends to or through the 
uterine myometrium, respectively (Fig. 18-5).

INCIDENCE AND RISK FACTORS
The overall incidence o f placenta accreta or one o f its varia
tions is 3 per 1000 deliveries. Based on histologic diagnosis, 
placenta accreta is the most common form of invasive placenta
tion (79%) followed by placenta increta (14%) and placenta 
percreta (7%), respectively. The two most significant risk 
factors for placenta accreta are placenta previa and prior 
cesarean delivery. The risk for placenta accreta in patients with 
placenta previa and an unscarred uterus is approximately 3%. 
This risk dramatically increases with one or more cesarean deliv
eries (Table 18-3). Even without a coexisting placenta previa, 
placenta accreta is more common in women with a prior cesar
ean delivery.37

Other reported risk factors include increasing parity and 
maternal age, submucosal uterine fibroids, prior uterine 
surgery, cesarean scar, and endometrial defects. Unlike
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TABLE 18-3 RISK OF PLACENTA ACCRETA WITH 
PLACENTA PREVIA AND PRIOR 

____________ CESAREAN DELIVERY__________________

NO. OF PRIOR CESAREAN PLACENTA ACCRETA
DELIVERIES RISK (%)

0 3
1 11
2 40
3 61
>4 67

From Silver RM, Landon MB, Rouse DJ, et al. Maternal morbidity associated with 
multiple repeat cesarean deliveries. Obstet Gynecol. 2006; 107:1226.

placenta previa, a female fetus is more common with invasive 
placentation.

CLINICAL MANIFESTATIONS
The clinical manifestations of placenta accreta are often similar 
to those of placenta previa; however, profuse bleeding usually 
follows attempted manual placental separation. Hematuria 
can be a feature o f placenta percreta with bladder invasion.

DIAGNOSIS
Most cases o f placenta accreta are now diagnosed antena- 
tally by advanced radiographic techniques. Prenatal diagnosis 
has been shown to improve maternal outcomes, resulting in less 
blood loss and decreased transfusion requirements.44

RADIOGRAPHIC TECHNIQUES
Ultrasound is the preferred radiographic modality for the 
diagnosis o f placenta accreta. Findings suggestive of placenta 
accreta include a loss of the normal hypoechoic retroplacental- 
myometrial zone, thinning and disruption of the uterine serosa— 
bladder wall interface, focal exophytic masses within the placenta, 
and numerous intraplacental vascular lacunae (Fig. 18-6).4’ A 
recent systemic review and meta-analysis of 23 studies that used 
prenatal sonographic identification of placenta accreta demon
strated a sensitivity of 90%, a specificity of 97%, a positive 
likelihood ratio of 11, and a negative likelihood ratio of 0.16.46

Color Doppler ultrasound is also useful as an adjunctive tool 
in diagnosing placenta accreta. Specific color Doppler findings 
that differentiate placenta accreta from normal placentation

FIG 18-6 Ultrasonic image of focal placenta accreta (arrow/). An area at 
the uterine-placental interface demonstrates loss of the normal 
hypoechoic zone, thinning and disruption of the uterine serosa- 
bladder interface, and a focal exophytic mass within the placenta.

include diffuse and focal intraparenchymal placental lacunar 
blood flow, hypervascularity of the bladder and uterine serosa, 
prominent subplacental venous complexes, and loss of subpla- 
cental Doppler vascular signals.47 Some color-flow mapping 
studies suggest that a myometrial thickness less than 1 mm with 
large intraplacental venous lakes is highly predictive of invasive 
placentation (sensitivity, 100%; specificity, 72%; positive pre
dictive value, 72%; and negative predictive value, 100%).

In addition to the above ultrasound modalities, three- 
dimensional ultrasound has been used successfully to identify 
invasive placentation.48,49 Diagnostic criteria include irregular 
intraplacental vascularization and hypervascularity of the uterine 
serosa—bladder wall interface.

Finally, MRI can be used in conjunction with sonography 
to assess abnormal placental invasion. MRI is particularly 
helpful when ultrasound findings are equivocal, the placenta is 
in a posterior location, and for determination of the extent of 
placental invasion within surrounding tissue, such as the para
metrium and bladder. In a review and meta-analysis50 of 1010 
pregnancies at risk for placenta accreta, MRI had a diagnostic 
sensitivity of 94% and a specificity of 84%.

LABORATORY FINDINGS
Placenta accreta has been associated with unexplained elevations 
in maternal serum a-fetoprotein (MSAFP).

PATHOLOGIC STUDIES
Placenta accreta is confirmed by the pathologic examination 
o f a hysterectomy specimen. Histologic evaluation demon
strates placental villi within the uterine myometrium and 
absence of a decidual plate. In focal accreta cases in which the 
uterus is not removed, curettage specimens may show myome
trial cells adherent to the placenta.51

MANAGEMENT
Because of its associated risk for massive postpartum hemor
rhage, placenta accreta accounts for a large percentage of 
peripartum hysterectomies. 2 A multidisciplinary team ap
proach is the ideal way to manage these cases. Preoperative
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assessments by maternal-fetal medicine specialists, neonatolo- 
gists, blood conservation teams, anesthesiologists, advanced 
pelvic surgeons, and urologists— especially for a suspected pla
centa percreta— are recommended. Tim ing of delivery depends 
upon clinical circumstances; however, most authorities favor 
delivery at 340/7 to 356/7 weeks with or without antenatal cor
ticosteroid administration.38 Ideally, the delivery should be 
scheduled at a time with optimal personnel availability at a facil
ity prepared to manage significant obstetric hemorrhage. Ade
quate IV access with two large-bore catheters and ample 
blood product availability are mandatory. Cell-saver technol
ogy, donor-directed or autologous blood donation, and recom
binant V ila  should be considered. Placement of ureteral stents 
preoperatively or intraoperatively can assist in maintaining 
urinary tract integrity. W hen performing the surgery, it is rec
ommended that the uterus be incised above the placental 
attachment site and that the placenta be left in situ after 
clamping the cord because disruption o f the implantation 
site may result in rapid blood loss. Finally, adjuvant use of 
aortic and/or internal iliac artery balloon occlusion catheters 
with postsurgical embolization has been shown to reduce blood 
loss, transfusion requirements, and duration of surgery in some 
studies.53

In specific circumstances, uterine conservation may be 
attempted. These situations include focal accreta, desired future 
fertility, and fundal or posterior placenta accreta. Uterine con
servation techniques typically include leaving the placenta in situ 
at the delivery with subsequent expectant management, delayed 
manual placental removal, wedge resection or oversewing of the 
placental implantation site, tamponade of the lower uterine 
segment, curettage, uterine artery embolization, hemostatic 
sutures, arterial ligation, and/or administration of methotrex
ate.54 Although each of these techniques has reported success, 
each is also associated with potential complications, including 
delayed hemorrhage, infection, fistula formation, subsequent 
surgery and/or hysterectomy, uterine necrosis, and even death.55 
Data are lim ited regarding long-term reproductive outcomes in 
women treated conservatively for invasive placentation. Although 
most women are able to conceive after conservative manage
ment, they remain at risk for spontaneous abortion, uterine 
synechiae and rupture, preterm delivery, recurrent placenta 
accreta, and peripartum hysterectomy.54'56"58

Vasa Previa
DEFINITION AND PATHOGENESIS
Vasa previa is defined as the presence o f fetal vessels over the 
cervical os. Typically, these fetal vessels lack protection from 
Wharton jelly (velamentous cord insertion) and are prone to 
rupture and compression. When the vessels rupture, the fetus is 
at high risk for exsanguination. Velamentous cord insertion 
may occur without vasa previa and can occasionally exist as 
fetal vessels that run between a bilobed or succenturiate- 
lobed placenta.

INCIDENCE AND RISK FACTORS
The overall incidence o f vasa previa is 1 in 2500 deliveries; 
however, data have shown a range from 1 in 2000 to 1 in 5000 
deliveries.59 Reported risk factors for vasa previa include 
bilobed and succenturiate-lobed placentas; pregnancies that 
result from assisted reproductive technology (ART); multiple 
gestations; and history o f second-trimester placenta previa or 
low-lying placenta. 1,1

CLINICAL MANIFESTATIONS
In the past, most cases o f vasa previa presented after rupture 
o f membranes with acute onset o f vaginal bleeding from a 
lacerated fetal vessel. If immediate intervention was not pro
vided, fetal bradycardia and subsequent fetal death occurred. 
Today, many cases of vasa previa are diagnosed antenatally by 
ultrasound. In rare cases, pulsating fetal vessels may be pal
pable in the membranes that overlie the cervical os.

DIAGNOSIS
Vasa previa is often diagnosed antenatally by ultrasound with 
color and pulsed Doppler mapping. Transabdominal and 
transvaginal approaches are most often used. The diagnosis is 
confirmed by documenting umbilical vessels over the cervical 
os using color and pulsed Doppler imaging (Fig. 18-7).

MANAGEMENT
When diagnosed antenatally, vasa previa should be managed 
similarly to placenta previa. Some authorities have recom
mended twice-weekly nonstress testing at 28 to 30 weeks of 
gestation to assess for cord compression; others have favored

FIG 18-7 Transvaginal ultrasound images showing vasa previa and velamentous cord. The placenta is posterior with an anterior succenturiate 
lobe. (From Lockwood CJ, Russo-Steiglitz K. Velamentous umbilical cord insertion and vasa previa, www.uptodate.com, July 17, 2015.)
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hospitalization in the third trimester with administration of 
antenatal corticosteroids, serial antepartum testing, and cesar
ean delivery between 340/7 to 36(,/' weeks o f gestation.62,63 If
an intrapartum diagnosis of vasa previa is made, expeditious 
delivery is needed. Immediate neonatal blood transfusion is 
often required in these circumstances.

POSTPARTUM HEMORRHAGE
Postpartum hemorrhage is an obstetric emergency that com
plicates between 1 in 20 and 1 in 100 deliveries. In the past 
decade, reported postpartum hemorrhage has increased 26% 
within the United States.64 Because it is a major cause of mater
nal morbidity and mortality, obstetricians need to have a clear 
understanding of normal delivery-related blood loss so that post
partum hemorrhage can be efficiently recognized and managed.

Normal Blood Loss and 
Postpartum Hemorrhage
Normal delivery-related blood loss depends on the type of deliv
ery. Based on objective data, the mean blood losses for a vaginal 
delivery, cesarean delivery, and cesarean hysterectomy are 500, 
1000, and 1500 mL, respectively.65 These values are often under
estimated and unappreciated clinically owing to the significant 
blood volume expansion that accompanies normal pregnancy.

Postpartum hemorrhage has been variably defined in the 
literature. Definitions have included subjective assessments 
greater than the standard norms, a 10% decline in hemoglobin 
concentration, and the need for blood transfusion. A more 
practical definition is excessive delivery-related blood loss that 
causes the patient to be hemodynamically symptomatic and/or 
hypovolemic.

Postpartum Hemorrhage Etiologies
The etiologies o f postpartum hemorrhage can be categorized 
as primary (early) or secondary (late). Primary postpartum 
hemorrhage refers to excessive bleeding that occurs within 
24 hours o f delivery, whereas secondary postpartum hemor
rhage refers to bleeding that occurs from 24 hours until 
12 weeks after delivery. Box 18-3 lists the most common causes 
of primary and secondary postpartum hemorrhage. Because 
primary postpartum hemorrhage is more common than the

BOX 18-3 ETIOLOGIES OF POSTPARTUM HEMORRHAGE

Early

Uterine atony
Lower genital tract lacerations (perineal, vaginal, cervical, 

periclitoral, periurethral, rectum)
Upper genital tract lacerations (broad ligament)
Lower urinary tract lacerations (bladder, urethra)
Retained products of conception (placenta, membranes) 
Invasive placentation (placenta accreta, placenta increta, 

placenta percreta)
Uterine rupture 
Uterine inversion 
Coagulopathy

Late

Infection
Retained products of conception 
Placental site subinvolution 
Coagulopathy

secondary kind, the remainder of this discussion focuses on its 
etiology and management (Fig. 18-8).

Uterine Atony
DEFINITION AND PATHOGENESIS
Uterine atony, or the inability o f the uterine myometrium to 
contract effectively, is the most common cause o f primary 
postpartum hemorrhage. At term, blood flow through the 
placental site averages 500 to 700 mL per minute. After placen
tal delivery, the uterus controls bleeding by contracting its myo
metrial fibers in a tourniquet fashion around the spiral arterioles. 
If inadequate uterine contraction occurs, rapid blood loss 
can ensue.

INCIDENCE AND RISK FACTORS
Uterine atony complicates 1 in 20 deliveries and is respon
sible for 80%  o f postpartum hemorrhage cases. Risk factors
for uterine atony include uterine overdistention (multiple ges
tation, polyhydramnios, fetal macrosomia), labor induction, 
rapid or prolonged labor, grand multiparity, uterine infec
tion, uterine inversion, retained products o f conception, 
abnormal placentation, and use o f uterine-relaxing agents 
(tocolytic therapy, halogenated anesthetics, nitroglycerin).

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Uterine atony is diagnosed clinically by rapid uterine 
bleeding associated with a lack o f myometrial tone and 
an absence o f other etiologies for postpartum hemorrhage.
Typically, bimanual palpation of the uterus confirms the 
diagnosis.

PREVENTION AND MANAGEMENT
By recognizing risk factors for uterine atony and quickly 
initiating a treatment cascade, the clinician can minimize 
blood loss. Three preventive methods for atonic postpartum 
hemorrhage are 1) active management o f the third stage of 
labor, 2) spontaneous placental separation during cesarean 
delivery, and 3) prolonged postpartum oxytocin infusion. 
Active management of the third stage of labor includes early 
cord clamping, controlled cord traction, uterine massage, and 
administration of uterotonic therapy before placental separation. 
A systematic review66 of seven studies that compared active 
to expectant management of the third stage of labor showed 
significant reductions in maternal blood loss, postpartum hem
orrhage, prolonged third stage of labor, and the need for addi
tional uterotonic therapies. Whereas controversy exists regarding 
the timing of uterotonic administration, a recent systematic 
review67 suggested that giving uterotonic therapy before delivery 
of the placenta results in less blood loss and fewer postpartum 
transfusions.

A second strategy to minimize uterine atony is to allow 
spontaneous placental separation during cesarean delivery. In 
one controlled study, spontaneous placental separation reduced 
blood loss by 30% and reduced postpartum endometritis seven
fold compared with manual removal.

A final preventive approach for atonic postpartum hemor
rhage is prolonged postpartum oxytocin infusion. A recent clini
cal trial68 assessed two postpartum oxytocin regimens following 
delivery: a bolus of oxytocin after delivery versus a bolus of 
oxytocin followed by a 4-hour IV infusion of oxytocin. A sig
nificant reduction was seen in uterine atony and need for addi
tional uterotonic therapy in the women who received the 
prolonged oxytocin infusion. Additional evidence-based review
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FIG 18-8 Management of postpartum hemorrhage. IV, intravenous.

data support prolonged (4 to 8 hours) oxytocin administration 
after delivery.69

If preventive measures are unsuccessful, medical management 
for uterine atony should be initiated. This treatment includes 
bimanual uterine massage and uterotonic therapy.

BIMANUAL UTERINE MASSAGE
To provide effective bimanual uterine massage, the uterus 
should be compressed between the external, fundally placed 
hand and the internal, intravaginal hand (Fig. 18-9). Care 
must be taken to avoid aggressive massage that can injure the 
large vessels o f the broad ligament.

UTEROTONIC THERAPY
Uterotonic medications represent the mainstay o f drug 
therapy for postpartum hemorrhage secondary to uterine 
atony. Table 18-4 lists available uterotonic agents with their 
dosages, side effects, and contraindications. Oxytocin is usually 
given as a first-line agent. IV therapy is the preferred route of 
administration, but intramuscular and intrauterine dosing is 
possible. Initial treatment starts with 10 to 30 units of oxytocin 
in 500 to 1000 mL of crystalloid solution. Higher doses (80 
units in 500 to 1000 mL) have proved safe and efficacious, with 
a 20% reduction in the need for additional uterotonic therapy 
and reduced composite hemorrhage treatment (uterotonic 
drugs, transfusion, tamponade, embolization, surgery).70

When oxytocin fails to produce adequate uterine tone, 
second-line therapy must be initiated. Currently, a variety of 
additional uterotonic agents are available. The choice of a 
second-line agent depends on its side-effect profile as well as its
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TABLE 18-4 UTEROTONIC THERAPIES

AGENT DOSE ROUTE DOSING INTERVAL SIDE EFFECTS CONTRAINDICATIONS

Oxytocin 10 to 80 U in First line: IV Continuous Nausea, emesis, water None
(Pitocin) 500-1000 mL Second line: intoxication

crystalloid solution IM or IU
Misoprostol 600-1000 |lg First line: PR Single dose Nausea, emesis, diarrhea, None

(Cytotec) Second line: fever, chills
PO or SL

Methylergonovine 0.2 mg First line: IM Every 2-4 hr Hypertension, hypotension, Hypertension, migraines,
(Methergine) Second line: nausea, emesis scleroderma, Raynaud

IU or PO syndrome
Prostaglandin F2a 0.25 mg First line: IM Every 15-90 min Nausea, emesis, diarrhea, Active cardiac, pulmonary,

(Hemabate) Second line: IU (maximum of 8 doses) flushing, chills renal, or hepatic disease
Prostaglandin E2 20 mg PR Every 2 hr Nausea, emesis, diarrhea, Hypotension

(Dinoprostone) fever, chills, headache

IM, intramuscular; IU, intrauterine; IV, intravenous; PO, per os; PR, per rectum; SL, sublingual.

contraindications. Misoprostol, a synthetic prostaglandin E,
analogue, is a safe, inexpensive, and efficacious uterotonic medi
cation that does not require refrigeration. It has been used for 
both the prevention and treatment of postpartum hemorrhage.71 71 
Misoprostol is attractive as a second-line agent in that it has 
multiple administration routes that can be combined. Although 
higher doses (600 to 1000 (Ig) have traditionally been used rec- 
tally, the sublingual route allows for lower dosing (400 Jig) with 
higher bioavailability.71 Although helpful in some settings, 
methylergonovine has lim ited usefulness for acute postpartum 
hemorrhage because of its relatively long half-life and potential 
for worsening hypertension in patients with preexisting disease.

Prostaglandins are highly effective uterotonic agents. Both 
natural and synthetic prostaglandin formulations are available. 
Intramuscular and intrauterine administration of prostaglandin 
F2„ can be used for control of atony. Recurrent doses (0.25 mg) 
may be administered as often as every 15 minutes to a maximum 
of eight doses (2 mg total dose). It is important to note that 
asthma is a strong contraindication to the use of prostaglandin F2a 
because of its bronchoconstrictive properties. Prostaglandin E2 
(dinoprostone) is a naturally occurring oxytocic that can dra
matically improve uterine tone; however, it has an unfavorable 
side-effect profile often precludes its use (fever, chills, nausea, 
emesis, diarrhea, and headaches). Lastly, oxytocin analogues 
and combined ergometrine-oxytocin preparations are available 
outside of the United States for control of uterine atony.

W hen atony is due to tocolytic drugs that have impaired 
calcium entry into the cell (magnesium sulfate, nifedipine), 
calcium gluconate should be considered as an adjuvant therapy. 
Given as an IV push, one ampule (1 g in 10 mL) of calcium 
gluconate can effectively improve uterine tone and resolve 
bleeding due to atony.

If pharmacologic methods fail to control atony-related 
hemorrhage, alternative measures must be undertaken. The 
genital tract should be carefully inspected for lacerations 
before proceeding with these measures, which include uter
ine tamponade, selective arterial embolization, and surgical 
intervention.

UTERINE TAMPONADE
Uterine packing is a safe, simple, and effective way to con
trol postpartum hemorrhage by providing tamponade to the 
bleeding uterine surface. Although packing techniques vary, 
a few basic principles should be followed. The pack should 
be made of long, continuous gauze (e.g., Kerlix) rather than 
multiple small sponges. Some authorities have had success with

FIG 18-10 The Bakri tamponade balloon. (From Bakri YN, Arulkumaran
S. Intrauterine balloon tamponade for control o f postpartum hemor
rhage, www.uptodate.com, July 7, 2015.)

the use of thrombin-impregnated or chitosan-covered gauze.74 
W hen packing the uterus, placement should begin at the fundus 
and progress downward in a side-to-side fashion to avoid dead 
space for blood accumulation. Transurethral Foley catheter 
placement and prophylactic antibiotic use should be considered 
to prevent urinary retention and infection, respectively. Finally, 
prolonged packing should be avoided (not more than 12 to 24 
hours), and close attention should be paid to the patient’s vital 
signs and blood indices while the pack is in place in order to 
minimize unrecognized ongoing bleeding.

In recent years, intrauterine tamponade balloons have 
largely replaced traditional uterine packing. M ultiple balloon 
types have been used and include the Bakri tamponade balloon, 
the BT-Cath, the Belfort-Dildy Obstetrical Tamponade System, 
the Sengstaken-Blakemore tube, and the #24 Foley catheter with 
30 mL balloon. The Bakri tamponade balloon, the BT-Cath, 
and the Belfort-Dildy Obstetrical Tamponade System were 
all developed specifically for postpartum hemorrhage manage
ment. The Bakri tamponade balloon (Cook Women’s Health; 
Fig. 18-10) consists of a silicone balloon attached to a catheter. 
The catheter is inserted into the uterus either manually or under
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Proper Improper
placement placement

FIG 18-11 Proper placement of the Bakri tamponade balloon. (Courtesy 
Cook Women’s Health.)

\

V

FIG 18-12 The Belfort-Dildy obstetrical tamponade system. (Courtesy 
Glenveigh Medical.)

ultrasound guidance, and the silicone balloon is subsequently 
inflated with sterile saline (maximum o f500 mL). Once inflated, 
the balloon should adapt to the uterine configuration to provide 
tamponade to the endometrial surface. The intraluminal cath
eter allows drainage from within the uterus so that ongoing 
assessment of blood loss can occur. Proper placement of the 
balloon is essential to provide adequate tamponade (Fig. 18-11). 
Like the Bakri tamponade balloon, the BT-Cath (Utah Medical 
Products) is a silicone balloon; however, it is shaped like an 
inverted pear. This tamponade balloon also has a double-lumen 
catheter that allows saline filling of the balloon as well as drain
age of blood from within the uterus. Finally, the Belfort-Dildy 
Obstetrical Tamponade System (Glenveigh Medical) incorpo
rates both intrauterine and intravaginal polyurethane balloons 
that conform to these cavities, respectively (Fig. 18-12).75 The 
uterine balloon can be rapidly inflated from a saline bag to a

larger volume of 750 mL when the smaller balloons are inade
quate (e.g., with multiple gestations). Like the other balloons, 
this system has a drainage port to assess for ongoing bleeding; 
however, unlike the others, it also has an infusion port to irrigate 
the uterus.

SELECTIVE ARTERIAL EMBOLIZATION
Selective arterial embolization is an increasingly common 
therapeutic option for hemodynamically stable patients 
with postpartum hemorrhage. The procedure can be per
formed alone or after failed surgical intervention.76 Diagnostic 
pelvic angiography is used to visualize bleeding vessels, and 
gelatin (e.g., Gelfoam]) pledgets are placed into the vessels for 
occlusion. Cumulative success rates o f 90%  to 97%  have been 
reported. 6

Selective arterial embolization has several advantages over sur
gical intervention. First, it allows for selective occlusion of bleed
ing vessels. This can be extremely valuable in circumstances of 
aberrant pelvic vasculature, such as uterine arteriovenous mal
formations. Second, the uterus and potential future fertility are 
preserved. Case series76 have reported successful pregnancies 
after pelvic embolization. Finally, the procedure has minimal 
morbidity, enables the physician to forego or delay surgical 
intervention, and can be performed in coagulopathic patients, 
which allows more time for blood and clotting factor replace
ment. Procedure-related complications occur in 3% to 6% of 
cases.76 Reported complications include postembolization fever, 
infection, ischemic pain, vascular perforation, and tissue necro
sis. A relative disadvantage of the procedure is its limited avail
ability. Timely coordination of services between the obstetric 
team and interventional radiology personnel, as well as a hemo
dynamically stable patient, are necessary to provide this treat
ment option.

SURGICAL INTERVENTION
When uterine atony is unresponsive to conservative manage
ment, surgical intervention by laparotomy is necessary. Possible 
interventions include arterial ligation, uterine compression 
sutures, and hysterectomy.

The goal o f arterial ligation is to decrease uterine perfusion 
and subsequent bleeding. Success rates have varied from 40% 
to 95% in the literature depending on which vessels are ligated. 
Arterial ligation may be performed on the ascending uterine 
arteries, the uteroovarian arteries, the infundibulopelvic liga
ment vessels, and the internal iliac (hypogastric) arteries. Because 
internal iliac arterial ligation can be technically challenging 
and time consuming, it is not advised as a first-line technique 
unless the surgeon is extremely skilled in performing the proce
dure. Instead, a stepwise progression of uterine vessel ligation is 
recommended.

Nearly five decades ago, O ’Leary described a technique of 
bilateral uterine artery ligation for control of postpartum hemor
rhage. Today, it is still considered the initial ligation technique 
given its ease in performance and the accessibility of the uterine 
artery. To perform the procedure, the ascending uterine artery 
should be located at the border of the upper and lower uterine 
segment. Absorbable suture is passed through the uterine myo
metrium at the level of the lower uterine segment and laterally 
around the uterine vessels through a clear space in the broad 
ligament. The suture is then tied to compress the vessels against 
the uterine wall (Fig. 18-13). Because the suture is placed fairly 
high in the lower uterine segment, ureteral injury is avoided;
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FIG 18-14 Bilateral looped uterine vessel sutures. (From Bakri YN, Arulkumaran S. Intrauterine balloon tamponade for control o f postpartum 
hemorrhage, www.uptodate.com, July 7, 2015.)

therefore the bladder does not need to be mobilized. Unilateral 
artery ligation w ill control hemorrhage in 10% to 15% of cases, 
whereas bilateral ligation will control hemorrhage in over 90% 
of cases.

If bleeding persists, the uteroovarian and infundibulopelvic 
vessels should be ligated. The uteroovarian arteries can be ligated 
similarly to what has been described for the ascending uterine 
vessels. If this measure is unsuccessful, interruption of the infun
dibulopelvic vessels can be undertaken. Although the ovarian 
blood supply may be decreased with an infundibulopelvic vessel 
ligation, successful pregnancy has been reported following this 
procedure.

Bakri has described a newer technique for bilateral uter
ine artery ligation in combination with tamponade bal
loon placement (Fig. 18-14). The procedure, termed B ila tera l 
L ooped  U terine Vessel Sutures (B-LUVS), incorporates absorb
able sutures looped bilaterally through the myometrium around 
the uterine vessels from the lower segment up to the corneal 
region. Once the sutures are tied, a Bakri tamponade balloon is 
placed within the uterine cavity to provide internal tamponade. 
A small series has had high success with this combined ligation- 
tamponade approach.

In addition to arterial ligation, uterine compression sutures
have been described for atony control. Several techniques have 
evolved over the past two decades, including the B-Lynch 
suture, Hayman vertical sutures, Pereira transverse and verti
cal sutures, and multiple square sutures. 8 To place a com
pression suture, the patient should lie in the dorsal lithotomy 
position to facilitate assessment of vaginal bleeding. Large 
absorbable suture is typically anchored within the uterine myo
metrium both anteriorly and posteriorly. It is passed in a con
tinuous or intermittent fashion around or through the external 
surface of the uterus and tied firmly so that adequate uterine 
compression occurs. Figures 18-15 to 18-18 demonstrate proper 
placements of these sutures. Like arterial ligation, uterine com
pression sutures can be combined with tamponade balloons for 
refractory bleeding. The “uterine sandwich” technique refers to 
placement of a B-Lynch suture followed by a Bakri tamponade 
balloon within the uterine cavity.79 Typically, the tamponade 
balloon is inflated to a lesser volume (median of 100 mL) in 
these cases. Small series79 have demonstrated high success rates 
for this combined approach.

The final surgical intervention for refractory bleeding due 
to atony is hysterectomy, which provides definitive therapy.
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Fallopian

FIG 18-15 B-Lynch compression suture. (From Belfort MA. Manage
ment of postpartum hemorrhage at cesarean delivery, www.uptodate 
.com, June 26, 2015.)

FIG 18-17 Pereira transverse and vertical sutures (From Belfort MA. 
Management o f postpartum hemorrhage at cesarean delivery, w w w  
.uptodate.com, June 26, 2015.)

FIG 18-18 Multiple square sutures. (From Belfort MA. Management of 
postpartum hemorrhage at cesarean delivery, www.uptodate.com, 
June 26, 2015.)

FIG 18-16 Hayman vertical sutures. (From Belfort MA. Management of 
postpartum hemorrhage at cesarean delivery, www.uptodate.com, 
June 26, 2015.)

Because blood loss may be severe, it is often prudent to modify 
the surgical approach by using the “clamp-cut-drop” technique 
(Fig. 18-19), performing a supracervical hysterectomy, or both.80 
These considerations are especially important when the patient 
is hemodynamically unstable (Video 18-1).

Genital Tract Lacerations 
DEFINITION AND PATHOGENESIS
Genital tract lacerations may occur with both vaginal and 
cesarean deliveries. These lacerations involve the maternal soft 
tissue structures and can be associated with large hematomas and 
rapid blood loss if  unrecognized. The most common lower 
genital tract lacerations are perineal, vulvar, vaginal, and

FIG 18-19 Clamp-cut-drop technique for hysterectomy. (From Wright 
JD, Bonanno C, Shah M, et al. Peripartum hysterectomy. Obstet 
Gynecol. 2010;116:429-434.)
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cervical. Upper genital tract lacerations are typically associ
ated with broad ligament and retroperitoneal hematomas.

INCIDENCE AND RISK FACTORS
Although it is difficult to ascertain their exact incidence, genital 
tract lacerations are the second leading cause o f postpartum 
hemorrhage. Risk factors include instrumented vaginal 
delivery, fetal malpresentation or macrosomia, episiotomy, 
precipitous delivery, prior cerclage placement, Dtihrssen 
incisions, and shoulder dystocia.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
A genitourinary tract laceration should be suspected if bleeding 
persists after delivery despite adequate uterine tone. Occa
sionally, the bleeding may be masked because of its location, 
such as with the broad ligament. In these circumstances, large 
amounts of blood loss may occur in an unrecognized hematoma. 
Pain and hemodynamic instability are often the primary present
ing symptoms.

For diagnosis, it is best to evaluate the lower genital tract 
superiorly from the cervix and to progress inferiorly to 
the vagina, perineum, and vulva. Adequate exposure and 
retraction are essential for identification of many of these 
lacerations.

MANAGEMENT
Once a genital tract laceration is identified, management 
depends on its severity and location. Lacerations of the cervix 
and vaginal fornices are often difficult to repair owing to their 
position. In these circumstances, relocation to an OR with anes
thesia assistance for better pain relief, pelvic relaxation, and 
visualization are recommended. For cervical lacerations, it is 
important to secure the apex of the tear because this is often a 
major source of bleeding. Unfortunately, exposure of this angle 
can be difficult. A helpful technique for these scenarios is to start 
suturing the laceration at its proximal end, thereby using the

suture for traction to expose the more distal portion of the cervix 
until the apex is in view (Fig. 18-20).

Perineal repairs are the most common types o f genital tract 
lacerations. Figures 18-21 to 18-23 illustrate second-, third-, 
and fourth-degree perineal lacerations and techniques for their 
repair. If the laceration is adjacent to the urethra, the use of a

FIG 18-20 Repair of a cervical laceration, beginning at the proximal part 
of the laceration and using traction on the previous sutures to aid in 
exposure of the distal defect.

FIG 18-21 Repair of a second-degree laceration. A first-degree laceration involves the fourchette, the perineal skin, and the vaginal mucous 
membrane. A second-degree laceration also includes the muscles of the perineal body. The rectal sphincter remains intact.
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FIG 18-22 Repair of the sphincter after a third-degree laceration. A third-degree laceration extends not only through the skin, mucous membrane, 
and perineal body but includes the anal sphincter. Interrupted figure-of-eight sutures should be placed in the capsule of the sphincter muscle.

FIG 18-23 Repair of a fourth-degree laceration. This laceration extends through the rectal mucosa. A, The extent of this laceration is shown with 
a segment of the rectum exposed. B, Approximation of the rectal submucosa. This is the most commonly recommended method for repair. 
C, Alternative method of approximating the rectal mucosa in which the knots are actually buried inside the rectal lumen. D, After closure of the 
rectal submucosa, an additional layer of running sutures may be placed. The rectal sphincter is then repaired.

transurethral catheter can aid in a more efficient repair and can 
protect uninjured organs. Digital rectal exam is recommended 
after repair of third- and fourth-degree lacerations in order to 
ensure proper integrity of the rectum.

On occasion, a blood vessel laceration may lead to the forma
tion of a pelvic hematoma in the lower or upper genital tract.

The three most common locations for a pelvic hematoma are 
vulvar, vaginal, and retroperitoneal.

VULVAR HEMATOMA
Vulvar hematomas usually result from lacerated vessels in the 
superficial fascia o f the anterior or posterior pelvic triangle.
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Urogenital diaphragm

Infrafascial pelvic 
(vulvar) hematoma 

Fascia lata of thigh

FIG 18-24 Vulvar hematoma fascial boundaries.

FIG 18-25 Large vulvar hematoma.

Blood loss is tamponaded by Colies fascia, the urogenital dia
phragm, and anal fascia (Fig. 18-24). Because of these fascial 
boundaries, the mass will extend to the skin, and a visible hema
toma results (Fig. 18-25).

Surgical drainage is the primary treatment for vulvar 
hematomas. A wide linear incision through the skin is recom
mended. Typically, the bleeding is due to multiple small vessels; 
hence, vessel ligation is not possible. Once the hematoma is 
evacuated, the dead space should be closed in layers with absorb
able suture, and a sterile pressure dressing should be applied. A

transurethral catheter should be placed until significant tissue 
edema subsides.

VAGINAL HEMATOMA
Vaginal hematomas result from delivery-related soft tissue 
damage. These hematomas accumulate above the pelvic dia
phragm (Fig. 18-26), and occasionally, they protrude into the 
vaginal-rectal area. Like vulvar hematomas, vaginal hematomas 
are due to multiple small vessel lacerations. Depending on the 
extent of the hemorrhage, vaginal hematomas may or may not 
require surgical drainage. Small, nonexpanding hematomas are 
often best managed expectantly. Larger, expanding hematomas 
require surgical intervention. Unlike vulvar hematomas, the 
incision of a vaginal hematoma does not require closing, rather 
a vaginal pack or tamponade device should be placed on the raw 
edges. If bleeding persists, selective arterial embolization may 
be considered.

RETROPERITONEAL HEMATOMA
Although infrequent, retroperitoneal hematomas are the most 
serious and life threatening. The early symptoms of a retro
peritoneal hematoma are often subtle, with the hematoma being 
unrecognized until the patient is hemodynamically unstable 
from massive hemorrhage. These hematomas usually occur 
after a vessel laceration from the internal iliac (hypogastric) 
arterial tree (Fig. 18-27). Such lacerations may result from 
instrumented vaginal delivery, inadequate hemostasis of the 
uterine arteries at the time of cesarean delivery, or uterine 
rupture during a trial of labor after cesarean delivery (TOLAC). 
Treatment o f a retroperitoneal hematoma typically involves 
laparotomy, hematoma evacuation, and arterial ligation. In 
some situations, selective arterial embolization may be used 
as a primary or adjunctive treatment.
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FIG 18-26 Vaginal hematoma.

FIG 18-27 Retroperitoneal hematoma.

Retained Products of Conception 
DEFINITION AND PATHOGENESIS
Retained products o f  conception, namely placental tissue 
and am niotic membranes, can in h ib it the uterus from  ade
quate contraction and can result in  hemorrhage. The diagno
sis is made when spontaneous expulsion of the tissue has not 
occurred within 30 to 60 minutes of delivery.

INCIDENCE AND RISK FACTORS
Retained products o f  conception complicate 0.5%  to 1% o f  
deliveries. R isk factors include m idtrim ester delivery, chorio 
am nionitis, and accessory placental lobes.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Retained products o f  conception typ ica lly  present w ith  
uterine bleeding and associated atony. To assess the uterus 
for retained products of conception, the uterine cavity needs to 
be explored. Manual exploration is not only diagnostic but is 
also often therapeutic (Fig. 18-28). By wrapping the examina
tion hand with moist gauze, removal of retained placental frag
ments and amniotic membranes can be facilitated. If manual 
access to the uterine cavity is difficult or limited owing to mater
nal body habitus or inadequate pain relief, transabdom inal or 
transvaginai u ltrasound may be used to determine whether 
retained placental fragments are present.81
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MANAGEMENT
Once a diagnosis of retained products of conception is estab
lished, removal must be undertaken. Therapeutic options include 
manual extraction, as noted previously, or uterine curettage. 
Nitroglycerin (50 to 200 jig  IV) has been used effectively to 
assist with manual placental extraction. Nitroglycerin provides 
rapid uterine relaxation to assist with removal of the retained 
tissue. Uterine curettage may be performed in a delivery room; 
however, excessive bleeding mandates that an OR be used for 
the procedure. Either a large blunt (Banjo or Hunter) curette or 
vacuum suction curette can be used. Transabdominal ultrasound 
guidance is helpful in determining when tissue evacuation is 
complete.

Uterine Rupture 
DEFINITION AND PATHOGENESIS
Uterine rupture refers to the complete nonsurgical disrup
tion o f all uterine layers— endometrium, myometrium, and 
serosa. The severity of hemorrhage and maternal-fetal morbidity 
depends on the extent of the rupture. A large rupture may be 
associated with massive hemorrhage and extrusion of the fetus 
and/or placenta into the maternal abdomen; whereas a small 
rupture may have minimal bleeding and insignificant maternal- 
fetal consequences. Uterine dehiscence refers to an incomplete or 
occult uterine scar separation, in which the uterine serosa 
remains intact. Typically, no adverse obstetric outcomes are asso
ciated with a dehiscence.

INCIDENCE AND RISK FACTORS
The overall incidence o f uterine rupture (scarred and uns
carred uteri) is 1 in 2000 deliveries. Uterine rupture is most 
common in women with a scarred uterus, including those 
with prior cesarean delivery and myomectomy. The incidence 
of uterine rupture in women with prior cesarean delivery varies 
from 0.3% to 1%.82 The location of the previous hysterotomy 
affects the uterine rupture risk. For prior cesarean deliveries, the 
risk of uterine rupture is illustrated in Table 18-5.

TABLE 18-5 RISK OF UTERINE RUPTURE BASED ON 
____________ INCISION OF PRIOR CESAREAN DELIVERY

INCISIO N OF PRIOR UTERINE RUPTURE
CESAREAN DELIVERY RISK <%)

Classical 2-6
T or J  shaped 2-6
Low vertical 2
Low transverse 0.5-1

From Landon MB, Hauth JC , Leveno KJ, et al. Maternal and perinatal outcomes 
associated with a trial of labor after prior cesarean delivery. N  Engl J  Med.
2004;351 (25):2581.

Although multiple risk factors have been associated with 
uterine rupture, no single factor or combination of factors can 
reliably predict all cases.83 Despite this, consistent data demon
strate strong associations for TOLAC and one or more of the 
following: multiple prior cesarean deliveries, no previous 
vaginal delivery, induced or augmented labor, term gestation, 
thin uterine scar identified by ultrasound, multiple gesta
tion, fetal macrosomia, postcesarean delivery infection, 
single-layer closure o f hysterotomy incision, and short inter
pregnancy interval.84 Uterine rupture associated with TOLAC 
is discussed in Chapter 20. Other reported risk factors for 
uterine rupture include increasing maternal age, multiparity, 
fetal malpresentation, uterine manipulation (e.g., internal 
podalic version), mid- to high-operative vaginal delivery, con
genital uterine malformations, Ehlers-Danlos syndrome, 
invasive placentation, and trauma.85

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Uterine rupture is associated with both fetal and maternal 
clinical manifestations. Fetal bradycardia with or without 
preceding variable or late decelerations is the most common 
clinical manifestation of symptomatic uterine rupture and 
occurs in 33% to 70% of cases.86 In some circumstances, a loss 
o f fetal station in labor may occur. Maternal clinical manifes
tations are variable and may include acute vaginal bleeding, 
constant abdominal pain or uterine tenderness, change in 
uterine shape, cessation o f contractions, hematuria (if exten
sion into the bladder has occurred), and signs o f hemodynamic 
instability.

Uterine rupture is suspected clinically but confirmed sur
gically. Laparotomy will demonstrate complete disruption of 
the uterine wall with hemoperitoneum and partial or com
plete extravasation o f the fetus into the maternal abdomen.

MANAGEMENT
Once the fetus and placenta are delivered, the site o f rupture 
should be assessed to determine whether it can be repaired. 
If feasible, the defect should be repaired in multiple layers 
with absorbable suture. Adjacent structures (e.g., bladder 
and adnexa) should be assessed for damage and repaired accord
ingly. Hysterectomy is reserved for cases of massive hemor
rhage, irreparable uterine defects, and/or maternal hemodynamic 
instability.

Uterine Inversion 
DEFINITION AND PATHOGENESIS
Uterine inversion refers to the collapse o f the fundus into 
the uterine cavity, and it is classified by degree and timing. 
With regard to degree, uterine inversion may be first 
degree (incomplete), second degree (complete), third degree
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FIG 18-29 Classification of uterine inversion. (From Repke JT.

(prolapsed), or fourth degree (total; Fig. 18-29). First-degree 
uterine inversion represents a partial extrusion of the fundus into 
the uterine cavity. In second-degree uterine inversion, the internal 
lining of the fundus crosses through the cervical os, forming a 
rounded mass in the vagina with no palpable fundus abdom
inally. Third-degree uterine inversion refers to the entire uterus 
prolapsing through the cervix with the fundus passing out of the 
vaginal introitus. Fourth-degree uterine inversion represents both 
total uterine and vaginal prolapse through the vaginal introitus. 
Uterine inversion timing is classified as a cu te  (within 24 hours 
of delivery), su ba cu te  (>24 hours postpartum but <4 weeks), 
or ch ro n ic  >1 month postpartum).

The two most commonly proposed etiologies for uterine 
inversion include excessive umbilical cord traction with a 
fundally attached placenta and fundal pressure in the setting 
of a relaxed uterus. However, a causal relationship between 
active management of the third stage of labor and uterine inver
sion remains unproven.

INCIDENCE AND RISK FACTORS
Uterine inversion is a rare event that complicates about 1 in 
1200 to 1 in 57,000 deliveries.s Proposed risk factors include 
uterine overdistention, fetal macrosomia, rapid labor and 
delivery, congenital uterine malformations, uterine fibroids, 
invasive placentation, retained placenta, short umbilical 
cord, use o f uterine-relaxing agents, nulliparity, manual pla
cental extraction, and Ehlers-Danlos syndrome.87

CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical presentation of uterine inversion varies by its degree 
and timing. Whereas incomplete uterine inversion may be subtle 
in its clinical findings, complete uterine inversion often presents 
with brisk vaginal bleeding, inability to palpate the fundus 
abdominally, and maternal hemodynamic instability. It may

Puerperal uterine inversion, www.uptodate.com, Dec 8, 2004.)

occur before or after placental detachment. The diagnosis is 
made clinically with bimanual examination, during which the 
uterine fundus is palpated in the lower uterine segment or 
within the vagina. Sonography can be used to confirm the diag
nosis if  the clinical examination is unclear.88

MANAGEMENT
Once diagnosed, uterine inversion requires rapid interven
tion in order to restore maternal hemodynamic stability and 
control hemorrhage. Maternal fluid resuscitation through a 
large-bore IV catheter is recommended. The uterus must be 
replaced to its proper orientation to resolve the hemorrhage, 
which is best accomplished in an OR with the assistance of an 
anesthesiologist. The uterus and cervix should initially be relaxed 
with nitroglycerin (50 to 500 pg), a tocolytic agent (magnesium 
sulfate or P-mimetic), or an inhaled anesthetic. Once relaxed, 
gentle manual pressure is applied to the uterine fundus to return 
it to its proper abdominal location (Fig. 18-30). Uterotonic 
therapy should then be given to assist with uterine contraction 
and to prevent recurrence of the inversion.

If manual repositioning is unsuccessful, other options include 
hydrostatic reduction and surgical correction. W ith hydrostatic 
reduction, warmed sterile saline is infused into the vagina. The 
physician’s hand or a Silastic ventouse cup is used as a fluid 
retainer to generate intravaginal hydrostatic pressure and resul
tant correction of the inversion (Fig. 18-31). Surgical options 
include the Huntington and Haultain procedures, laparoscopic- 
assisted repositioning, and cervical incisions with manual uterine 
repositioning.8) The Huntington procedure involves a laparot
omy with serial clamping and upward traction of the round liga
ments to restore the uterus to its proper position. If this technique 
fails, the Haultain procedure can be attempted, which includes 
a vertical incision within the inversion and subsequent reposi
tioning of the fundus. As with manual repositioning, uterotonic
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FIG 18-30 Manual replacement of uterine inversion. (From Repke JT. 
Puerperal uterine Inversion, www.uptodate.com, Dec 8, 2004.)

therapy should be administered immediately after uterine 
replacement in order to prevent reinversion.

Coagulopathy
DEFINITION AND PATHOGENESIS
Coagulopathy represents an imbalance between the clotting 
and fibrinolytic systems. This imbalance may be hereditary 
or acquired in origin. Hereditary coagulopathies are relatively 
rare and have variable etiologies. Although a cq u ir ed  coa gu 
lopa thy  can be iatrogenic, such as that associated with anti
coagulant administration, it is usually the result o f clotting 
factor consumption. Figure 18-32 demonstrates the patho
physiology of consumptive coagulopathy and its association 
with hemorrhage.

INCIDENCE AND RISK FACTORS
The overall incidence of coagulopathy in the obstetric popula
tion has not been reported; however, several associated clinical

FIG 18-31 Hydrostatic reduction for uterine inversion. (From Repke JT. 
Puerperal uterine inversion, www.uptodate.com, Dec 8, 2004.)

conditions have been documented. These include massive 
antepartum or postpartum hemorrhage; sepsis; severe PE; 
hemolysis, elevated liver enzymes, low platelets (HELLP) 
syndrome; amniotic fluid embolism; fetal demise; placen
tal abruption; septic abortion; and acute fatty liver of 
pregnancy.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
The primary clinical manifestations o f consumptive coagu
lopathy include bleeding, hypotension out o f proportion to 
blood loss, microangiopathic hemolytic anemia, acute lung 
injury, acute renal failure, and ischemic end-organ tissue 
damage.

Consumptive coagulopathy is a clinical diagnosis that is 
confirmed with laboratory data, such as evidence of thrombo
cytopenia, hemolytic changes on the peripheral blood smear, 
decreased fibrinogen, elevated fibrin degradation products, and 
prolonged prothrombin time (PT) and activated partial throm
boplastin time (aPTT). W hen timely laboratory assessment is 
unavailable, drawing 5 mL of maternal blood into an empty 
red-topped tube and watching for clot formation w ill provide 
the clinician with a rough estimate of the degree of existing 
coagulopathy. If a clot is not visible within 6 minutes or forms 
and lyses within 30 minutes, the fibrinogen level is usually less 
than 150 mg/dL.

MANAGEMENT
The most important factor in the successful treatment of 
coagulopathy is identifying and correcting the underlying 
etiology. For most obstetric causes, delivery o f the fetus initi
ates resolution o f the coagulopathy. In addition, rapid replace
ment of blood products and clotting factors should occur 
simultaneously. The patient should have two large-bore IV 
catheters for fluid and blood component therapy, and labora
tory studies should be drawn serially every 4  hours until 
resolution of the coagulopathy is evident. The obstetrician 
should attempt to achieve a hematocrit greater than 21%, 
a platelet count greater than 50,000/mm3, a fibrinogen level 
greater than 100 mg/dL, and PT and aPTT less than 1.5 times 
control. It also is important to maintain adequate oxygen
ation and normothermia. Finally, adjuvant therapies should be
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FIG 18-32 Pathophysiology and clinical manifestations of consumptive coagulopathy.

considered such as vitamin K, recombinant activated factor VII, 
fibrinogen concentrate, prothrombin complex concentrate, 
tranexamic acid, and hemostatic agents.

VITAMIN K
Factors II, VII, IX, and X are vitamin K—dependent clotting 
factors. In consumptive coagulopathy, these clotting factors are 
consumed. Administration of vitamin K (5 to 10 mg) by sub
cutaneous, intramuscular, or IV routes can assist with endoge
nous replenishment of these procoagulants.

RECOMBINANT ACTIVATED FACTOR VII 
Factor VII is a precursor for the extrinsic clotting cascade. 
When massive procoagulant factor consumption occurs, replace
ment is necessary. Human recombinant factor V ila  has been 
used successfully in cases o f consumptive coagulopathy 
attributed to postpartum hemorrhage. 0 The dosage of this IV 
therapy has ranged from 16.7 to 120 (lg/kg.90 An important 
advantage of this therapy is its rapid bioavailability (10 to 40 
minutes) for reversal of coagulopathy; however, disadvantages 
include a relatively short half-life (2 hours), cost (approximately 
$1 per microgram), and thromboembolism risk. Recom
binant activated factor V ila  should be considered in cases of 
refractory coagulopathy or when blood component replacement 
is delayed.

FIBRINOGEN CONCENTRATE
A human fibrinogen concentrate (RiaStap [CSL Behring]) has 
been approved by the U.S. Food and Drug Administration 
(FDA). Each vial of fibrinogen concentrate contains 900 to 
1300 mg fibrinogen and 400 to 700 mg human albumin. 
Fibrinogen concentrate can be used alone or in combination 
with cryoprecipitate. It has been used successfully in Europe for 
the treatment of massive obstetric hemorrhage due to consump
tive coagulopathy.91

PROTHROMBIN COMPLEX CONCENTRATE 
Prothrombin complex concentrate (Kcentra [CSL Behring]) 
contains factors II, VII, IX, and X and proteins C  and S. It 
can be used as an alternative to fresh frozen plasma (FFP).

Advantages to its use include no need for thawing or blood 
group typing and decreased risks of volume overload, transfusion- 
related acute lung injury (TRALI), and allergic reactions.

TRANEXAMIC ACID
Tranexamic acid is an IV antifibrinolytic drug that may be used 
for the prevention and treatment of hemorrhage. In a small 
multicenter trial, tranexamic acid reduced postpartum hemor
rhage and transfusion requirements.92

HEMOSTATIC AGENTS
A variety o f topical hemostatic agents are available for control 
of coagulopathic surface bleeding. These agents have different 
clotting factors and mechanisms of action. Examples include 
oxidized regenerated cellulose (e.g., Surgicel [Ethicon]), fibrin 
sealants (e.g., Tisseal [Baxter]), microporous polysaccharide 
spheres (e.g., Arista [Bard Davol]), microfibrillar collagen 
(e.g. Avitene [Bard Davol]), hemostatic matrices (e.g., Floseal 
[Baxter]), gelatin matrices (e.g., Gelfoam), and topical throm
bin. These agents may be used alone or in combination.

Fluid R esu scitatio n  and Tran sfusio n
All obstetricians will encounter antepartum and postpartum 
hemorrhage. In most instances, fluid resuscitation and blood 
component therapy are life-saving. Therefore every physician 
should have a thorough understanding of appropriate volume 
resuscitation, transfusion therapy, and alternative treatment 
options and their risks.

Volume Resuscitation
Initial management of a hemorrhaging patient requires appro
priate volume resuscitation. Two large-bore IV catheters are rec
ommended. Warmed crystalloid solution in a 3 : 1  ratio to the 
estimated blood loss should be rapidly infused. Goals of 
therapy are to maintain an adequate maternal blood pressure 
(systolic blood pressure >90 mm Hg) and urine output (at least 
30 mL/hr). If the hemorrhage is easily controlled, this may be 
the only therapy needed. The patient should have serial assess
ments of her vital signs and hematologic profiles to confirm 
hemodynamic stability.
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TABLE 18-6 BLOOD COMPONENT THERAPY
PRODUCT CONTENTS VOLUME ANTICIPATED EFFECT (PER UNIT)

Whole blood All components 500 mL Used only in emergencies*
Packed red blood cells Red blood cells 300 mL Increase hemoglobin by 1 g/dL

Increase hematocrit by 3%
Platelets (single donor pooled) Platelets 300 mL (6 U) Increase platelet count by 30,000 to 60,000/mm3
Fresh frozen plasma All clotting factors 250 mL Increase fibrinogen by 5-10 mg/dL
Cryoprecipitate Fibrinogen, vWF, factors VIII and XIII 10-15 mL Increase fibrinogen by 5-10 mg/dL

vWF, von Willebrand factor.

COLLOID SOLUTIONS
Colloid solutions contain larger particles, colloids, which are less 
permeable across vascular membranes. These solutions provide 
a greater increase in colloid oncotic pressure and plasma volume; 
however, they are more expensive than crystalloids and may be 
associated with anaphylactoid reactions. Examples of colloid 
solutions include albumin, hetastarch, and dextran.

Blood Component Therapy 
WHOLE BLOOD
Whole blood contains red blood cells (RBCs), clotting factors, 
and platelets. Whole blood is rarely used in modern obstetrics 
because of its many disadvantages, including a short storage 
life (24 hr), large volume (500 mL per unit), and potential for 
hypercalcemia.

PACKED RED BLOOD CELLS
Packed red blood cells (pRBCs) are the most appropriate therapy 
for patients who require RBC replacement because of hemor
rhage. They are the only blood product to provide oxygen- 
carrying capacity. Each pRBC unit contains approximately 
300 mL o f volume (250 mL RBCs and 50 mL o f plasma). 
In a 70-kg patient, one unit o f pRBCs will raise the hemo
globin by 1 g/dL and the hematocrit by 3%. Transfusion of 
pRBCs should be considered in any gravida with hemoglobin 
less than 8 g/dL or with active hemorrhage and associated 
coagulopathy.

PLATELET CONCENTRATES
Platelets are separated from whole blood and are stored in 
plasma. Because 1 unit o f platelets provides an increase o f 
only approximately 7500/mm3, platelet concentrates o f 6 to 
10 units need to be transfused. Platelet concentrates can be 
derived from multiple donors or single donors. The single-donor 
concentrates are preferred because they expose the patient to 
fewer potential antigenic and immunologic risks. Transfusion of 
a single-donor platelet concentrate will increase the circulating 
platelet count by 30,000 to 60,000/mm3. Because sensitization 
can occur, it is important for platelets to be ABO and Rh spe
cific. Transfusion o f platelets should be considered when the 
platelet count is less than 20,000/mm3 after a vaginal deliv
ery or less than 50,000/mm3 after a cesarean delivery, or 
when coagulopathy is evident.

FRESH FROZEN PLASMA
FFP is plasma that is extracted from whole blood. FFP pri
marily contains fibrinogen, antithrombin, and clotting factors 
V, XI, and XII. Transfusing FFP not only assists with coagulation 
but also provides the patient with volume resuscitation because

each unit contains approximately 250 mL. Typically, fibrino
gen levels are used to monitor a patient’s response to FFP. Each 
unit of FFP should raise the fibrinogen level by 5 to 10 mg/
dL, and FFP does not need to be ABO or Rh compatible. FFP 
should be considered for hemorrhaging patients with evidence 
of consumptive coagulopathy, coagulopathic liver disease, and 
for warfarin reversal.

CRYOPRECIPITATE
Cryoprecipitate is the precipitate that results from thawed 
FFP. It is rich in fibrinogen, von W illebrand factor, and factors 
VIII and XIII. Like FFP, cryoprecipitate can be measured 
clinically by the fibrinogen response, which should increase 
by 5 to 10 mg/dL per unit. Unlike FFP, each unit o f cryopre
cipitate provides minimal volume (10 to 15 mL), so it is an 
ineffective agent for volume resuscitation. Cryoprecipitate is 
indicated for patients with coagulopathy and concerns of volume 
overload, hypofibrinogenemia, factor VIII deficiency, and von 
Willebrand disease.

Table 18-6 contains a summary of the available blood com
ponent therapies.

MASSIVE TRANSFUSION PROTOCOLS
Although no universally accepted guidelines exist for blood 
product replacement, expert opinion derived from trauma and 
military experience suggests that more aggressive replacement 
of coagulation factors with pRBCs improves outcomes and 
survival.93'95 A variety of protocols have been recommended, 
most of which aim for an equal ratio of pRBCs, FFP, and plate
lets. A commonly adopted massive transfusion protocol is 6 
units o f pRBCs to 4 units o f FFP to 1 unit o f platelet con
centrate ( 6 :4 : l) .93 Some centers have added 6 to 10 units of 
cryoprecipitate to this regimen.

TRANSFUSION RISKS AND REACTIONS
METABOLIC ABNORMALITIES AND HYPOTHERMIA 
W hen pRBCs are stored, leakage of potassium and ammonia 
can occur into the plasma. This may result in hyperkalemia and 
high ammonia concentrations in patients who require massive 
transfusion. In addition, because most pRBC units are stored in 
a citrate solution, hypocalcemia may occur. Serial assessments of 
metabolic profiles with ionized calcium levels can assist the clini
cian in managing these changes.

In addition to metabolic abnormalities, hypothermia may 
complicate the clinical course of massive transfusion and result 
in cardiac arrhythmias. Hypothermia can be prevented by 
warming pRBC units before transfusion and by providing alter
native heating devices to the patient (e.g., Bair Hugger anesthe
sia warmer [3M ]).
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TABLE 18-7 TRANSFUSION-RELATED 
INFECTION RISKS

INFECTION

HIV-1, HIV-2 
Hepatitis B 
Hepatitis C 
HTLV-I and -II 
Bacterial contamination: 

Red blood cells 
Platelets

TRANSMISSION RISK

1 in 1.4-4.7 million 
1 in 100,000-400,000 
1 in 1.6 to 3.1 million 
1 in 500,000 to 3 million

1 in 28,000-143,000 
1 in 2000-8000

From Hall NR, Martin SR. Transfusion of blood components and derivatives in the 
obstetric intensive care patient. In: Foley MR, Strong TH Jr, Garite TJ, eds: Obstetric 
In tensive Care M anual, 4th ed. New York: McGraw-Hill; 2014.
HIV, human immunodeficiency virus; HTLV, human T-cell lymphotropic virus.

IMMUNOLOGIC REACTIONS
Transfusions introduce interactions between inherited or ac
quired antibodies and the foreign antigens of the transfused 
blood products; the most common immunologic reactions are 
febrile nonhemolytic transfusion reactions. Cytokines are be
lieved to be the primary cause of these reactions. Retrospective 
cohort studies suggest that transfusion of leukoreduced blood 
products may decrease the frequency of these reactions; how
ever, randomized controlled trial (RCT) data are limited. Less 
common immunologic complications include acute or delayed 
hemolytic transfusion reactions, anaphylaxis, urticarial reac
tions, posttransfusion purpura, and graft-versus-host disease.

INFECTION RISKS
All blood products have the potential to transmit viral and bacte
rial infections. Although transmission rates have substantially 
decreased in the past two decades, they are still a potential risk 
that must be disclosed when a transfusion is needed. Table 18-7 
lists current transfusion-associated infection risks.56

TRANSFUSION-ASSOCIATED VOLUME/CIRCULATORY 
OVERLOAD AND TRANSFUSION-RELATED ACUTE 
LUNG INJURY
Transfusion-associated volume!'circulatory overload  (TACO) refers 
to pulmonary edema that results from excessively large infusions 
of fluids and blood products. Symptoms include dyspnea, or
thopnea, tachycardia, wide pulse pressure, hypertension, and 
hypoxemia. TACO typically is associated with elevated brain 
natriuretic peptide (BNP), central venous pressure, and pulmo
nary artery wedge pressure. TACO is usually treated with diure
sis and supplemental oxygen.

Transfusion-related acute lung injury (TRALI) refers to a rare 
but potentially life-threatening form of acute lung in jury that 
can result from blood product administration. TRALI is thought 
to result from a “two-hit” mechanism that involves neutrophil 
sequestration/priming and activation.57 TRALI is characterized 
by sudden onset of hypoxemic respiratory insufficiency during 
or within 6 hours of blood product administration. Additional 
findings include noncardiogenic pulmonary edema, hypoten
sion, fever, tachypnea, tachycardia, and cyanosis. Treatment is 
twofold and includes transfusion discontinuation and support
ive care with oxygen administration, ventilatory support (con
tinuous positive airway pressure [CPAP], bilevel positive airway 
pressure [BiPAP], or mechanical ventilation), hemodynamic sta
bilization (fluid resuscitation and/or vasoactive agents), and pos
sible steroid administration.

B lo o d  C o n s e rv a tio n  A p p ro a c h e s  
Preoperative Autologous Blood Donation 
and Transfusion
Preoperative autologous blood donation and transfusion refers to 
the collection of the patient’s own RBCs prior to surgery and 
reinfusion of those cells intraoperatively or postoperatively. 
Although it is unreasonable to have all pregnant individuals 
consider autologous blood donation, patients at high risk for 
transfusion (e.g., those with placenta previa or placenta accreta) 
may be good candidates. Guidelines for autologous blood dona
tion include a minimum predonation hemoglobin of 11 g/dL, 
first donation within 6 weeks of anticipated delivery (because 
of the pRBC storage life of 42 days), a week-long interval 
between donations, and no donation within 2 weeks of antici
pated delivery.96

Autologous transfusion should be used selectively. Not 
only is it significantly more expensive than homologous transfu
sion, but also the risks for bacterial contamination and subse
quent homologous transfusion are not completely eliminated.

Acute Normovolemic Hemodilution
Acute normovolem ic hemodilution refers to a blood conservation 
technique in which blood is removed from the patient preopera- 
tively and is replaced by a crystalloid or colloid solution to 
maintain normovolemia. During surgery, the blood loss is 
diluted. The patient is reinfused with her more concentrated 
blood postoperatively. Acute normovolemic hemodilution can 
be considered for patients with good initial hemoglobin concen
trations who are expected to have a blood loss of at least 1000 mL 
during surgery (e.g., placenta accreta).

Intraoperative Blood Salvage
Intraoperative blood salvage refers to collecting the patient’s blood 
during surgery, filtering the blood, and then reinfusing the red 
cells back to the patient. Cell-Saver technology is the most 
widely used blood-salvage system. In the past, theoretic concerns 
regarding the risks for infection and amniotic fluid embolism 
limited the use of blood-salvage technology in obstetrics; how
ever, several studies have documented its safety and eflfec- 
tivenes.98 Intraoperative blood salvage has many advantages 
over homologous transfusion. It eliminates the risk for infec
tious disease transmission, alloimmunization, and immunologic 
transfusion reactions. It is a cost-effective procedure that avoids 
wastage of blood and thereby reduces the need for homologous 
transfusion. In addition, it can rapidly provide the patient with 
RBCs (1 unit of pRBCs per 3-minute interval). Finally, many 
Jehovah’s Witnesses will accept intraoperative blood salvage 
because the blood remains in a continuous circuit and does not 
leave the OR.

Alternative Oxygen Carriers
Because some patients refuse to accept blood products (e.g., 
Jehovah’s Witnesses) or are unable to be transfused owing to a 
lack of blood compatibility, oxygen carriers have been developed 
as alternatives to transfusion therapy. The two primary products 
are hemoglobin-based oxygen carriers and perfluorocarbons. 
Hemoglobin-based oxygen carriers use hemoglobin derived 
from animals or outdated human blood. The hemoglobin is 
separated from the red cell stroma and undergoes multiple filtra
tion and polymerization processes before use. Perfluorocarbons 
are inert compounds that can dissolve gases, including oxygen.
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Primary RN

First responder

Second responder

RN supervisor

• Initiate emergency call light and report to key responders
• Assess vital signs and blood loss every 5 minutes
• Provide fundal massage, oxygen, IVF bolus
• Increase Pitocin rate; provide second-line uterotonic as ordered
• Document
• Support family

• Call OB emergency respose team: MD, OB hopsitalist, MFM, 
anesthesiologist

• Notify RN supervisor
• Place second IV, hang blood tubing for both IV sites, and draw labs
• Type and crossmatch 2 U pRBC; transfuse if clinically unstable
• Assist with uterotonic therapy

• Obtain PPH emergency cart
• Provide Foley catheter
• Maintain normothermia and place pneumatic compression hose
• Obtain tamponade balloon and assist with placement if desired

• Call blood bank and lab
• Direct additional personnel
• Move patient to or as indicated and assist with or set-up 

(count, surgical field lighting, etc.)

• Assess PPH etiology and treat accordingly
• Provide additional uterotonic therapy if atony (Pitocin, Cyotec, 

Methergine, Hemabate)
• Initiate massive transfusion protocol (6 U pRBC, 4 U FFP,

10 U cyroprecipitate, 1 U platelet concentrate)
• Consider tamponade balloon, uterine artery embolization, or surgery

FIG 18-33 Postpartum hemorrhage treatment protocol. FFP, fresh frozen plasma; IV, intravenous; IVF, intravenous fluids; MD, physician; MFM, 
maternal-fetal medicine; OB, obstetric; PPH, postpartum hemorrhage; pRBC, packed red blood cells; RN, registered nurse. (Courtesy K. Francois.)

Both products have high oxygen-carrying capacities. Unfortu
nately, cost, supply problems, lack of FDA approval, and poor 
side-effect profiles have limited the usefulness of these agents.

H em orrhage Prevention and Protocols
Because obstetric hemorrhage is such a widespread problem, it 
is important for institutions to develop standardized manage
ment protocols and to conduct hemorrhage drills. Multiple 
organizations have developed guidelines for the diagnosis, man
agement, and prevention of postpartum hemorrhage. The use of 
obstetric rapid response teams, massive transfusion protocols, 
and prescriptive checklists is vital to program success. In addi
tion, simulation-based teaching models have been helpful to 
identify knowledge deficits, improve accuracy of blood loss esti
mation, and instill provider confidence in the clinical manage
ment of postpartum hemorrhage.9910'' Figure 18-33 provides a 
modified postpartum hemorrhage treatment protocol from the 
author’s institution.

KEY POINTS

♦ Hemorrhage is a major cause of obstetric morbidity and 
mortality throughout the world. It is responsible for one 
third of all pregnancy-related deaths in both high- and 
low-income countries.

♦ Understanding the hemodynamic changes of pregnancy 
and the physiologic responses that occur with hemor
rhage assists in appropriate management. Clinicians 
should recognize the four classes of hemorrhage to allow 
for rapid intervention.

♦ Placental abruption is diagnosed primarily by clinical 
findings and is confirmed by radiographic, laboratory, 
and pathologic studies. Management of placental abrup
tion is dependent on the severity, gestational age, and 
maternal-fetal status.

♦ Placenta previa is typically diagnosed with sonography. 
Placenta previa remote from term can be expectantly 
managed, and outpatient management is possible in 
selected cases.

♦ Placenta previa in association with a prior cesarean 
delivery is a major risk factor for placenta accreta. Addi
tional radiographic surveillance should be attempted in 
these cases to provide antenatal diagnosis of placenta 
accreta.

♦ Placenta accreta is best managed with a multidisci
plinary approach that includes maternal-fetal medicine 
specialists, neonatologists, blood-conservation teams, 
anesthesiologists, advanced pelvic surgeons, and urolo
gists. Scheduled preterm delivery at 34 to 35 weeks of 
gestation is recommended.

♦ Antenatal detection of vasa previa is possible with sono
graphy and significantly improves perinatal outcomes.

♦ Postpartum hemorrhage complicates 1 in 20 to 1 in 100 
deliveries. Every obstetrician and birth attendant needs 
to have a thorough understanding of normal delivery- 
related blood loss in order to recognize postpartum 
hemorrhage.

♦ Management of uterine atony should follow a rapidly 
initiated sequenced protocol that may include bimanual
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massage, uterotonic therapy, uterine tamponade, selec
tive arterial embolization, or surgical intervention.

♦ Coagulopathy mandates treatment of the initiating 
event and rapid replacement of consumed blood 
products. Transfusion of blood components should 
not be delayed, and replacement protocols should be 
followed.

♦ Blood conservation approaches should be considered if 
clinically appropriate.

♦ Standardized obstetric hemorrhage management proto
cols, checklists, and drills have been shown to improve 
outcomes.
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DEFINITIONS
Cesarean delivery (CD) is defined as birth of a fetus from the 
uterus through an abdominal incision.1 The terms cesarean deliv
ery or cesarean birth are preferred as opposed to cesarean section. 
Primary cesarean refers to a CD done in a woman without a prior 
cesarean birth, whereas repeat cesarean refers to a CD done in a 
woman who had a cesarean birth in a previous pregnancy.1 This 
chapter reviews the history, incidence, indications, techniques, 
and complications of CD as well as tubal sterilization.

HISTORY OF CESAREAN DELIVERY
CD has been described since ancient times, and evidence exists 
from both early Western and non-Western societies of this surgi
cal procedure being performed.2 The evolution of the term cesar
ean has been debated over time. Although originally believed to 
have been derived from the birth of Julius Caesar, it is unlikely 
that his mother, Aurelia, would have survived the operation; 
her knowledge of her son’s invasion of Europe many years later 
indicates that she survived childbirth. In Caesar’s time, surgical 
delivery was reserved for when the mother was dead or dying. 
Roman law under Numa Pompilius the first (“Lex Regia”), 
then renamed after Caesar (“Lex Cesarea”), specified surgical 
removal of the fetus before burial of the deceased pregnant 
woman; religious edicts required separate burial for the infant 
and mother. The term cesarean may also refer to patients being 
cut open, because the Latin verb caedare means to cut. Cesarean 
operation was the preferred term before the 1598 publication of 
Guillimeau, who introduced the term section.

Although sporadic reports of heroic life-saving efforts through 
cesarean childbirth existed for hundreds of years, it was not until 
the latter part of the nineteenth century that the operation 
became established as part of obstetric practice. This coincided 
with the gradual transition of childbirth as primarily a midwife- 
attended event, often in rural settings, to an urban hospital 
experience. The wide emergence of hospitals laid the foundation 
for establishing obstetrics as a hospital-based specialty. As new 
methods for anesthesia emerged, CD for obstructed labor gained 
popularity over destructive procedures, such as craniotomy, that 
accompanied difficult vaginal births. Despite the dangers that 
still existed with CD, the operation was viewed as preferable to 
a difficult high forceps delivery, which was associated with fetal 
injury and deep pelvic lacerations. Although refinements in 
anesthesia techniques allowed the operation to be performed,
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426 Section III Intrapartum Care

mortality rates remained very high, with sepsis and peritonitis 
as leading causes of postoperative deaths. Primitive surgical tech
niques and lack of antisepsis clearly contributed to morbidity 
Surgeons attempted to complete the operation without closing 
the uterus, fearing that the suture material itself would promote 
infection and that the uterus would best heal by secondary 
intention. As a result, women were placed at risk for both hem
orrhage and infection.

Lebas first advocated suturing the uterus after CD in 1769. 
Traditionally, sutures were not used inside the abdomen or pelvis 
because they were considered impossible to remove once the 
cavity was closed. In 1876, Eduardo Porro advocated for supra
cervical hysterectomy and bilateral salpingo-oopherectomy 
during CD to control bleeding and to prevent postoperative 
infection. Shortly thereafter, surgeons gained experience with 
internal suturing because silver-wire stitches were developed by 
the gynecologist J. Marion Sims, who had perfected the use of 
these sutures in the treatment of vesicovaginal fistulae resulting 
from obstructed labors. In the early 1880s, two German obste
tricians, Ferdinand Adolf Kehrer (1837-1914) and Max Sanger 
(1853-1903), both independently proposed a transverse incision 
of the lower segment of the uterus, at the level of the internal 
cervical os, and developed two-layer uterine closure methods 
with the sutures used by J. Marion Sims. Another pivotal con
tribution was made in 1900 by Hermann Johannes Pfannenstiel 
(1862-1909), a German gynecologist who described a transverse 
suprapubic incision, or pelvic skin incision.

As gynecologic surgeons performed more CDs and the out
comes improved, greater attention was placed on technique, 
including the site of the uterine incision. Between 1890 and 
1925, more and more surgeons began using transverse incisions 
of the uterus. John Martin Munro Kerr (1868-1960), a professor 
of Obstetrics Midwifery at the University of Glasgow, popular
ized the Pfannenstiel skin incision and lower segment uterine 
incision and is considered the “father” of the modern CD. It was 
noted that such incisions reduced the rate of infection and the 
risks of incisional hernia and rupture with subsequent pregnan
cies compared with the vertical incisions. However, before the 
advent of antibiotics, owing to the risk for peritonitis, extraperi- 
toneal cesarean was advocated by Frank (1907), Veit and Fromme 
(1907), and Latzko (1909) and was popularized by Beck (1919) 
in the United States. Interestingly, the vertical opening of the 
abdomen was still the main technique used in the 1970s, 
although it was known from the beginning of the twentieth 
century to be associated with higher rates of long-term postop
erative complications, such as wound dehiscence and abdominal 
incision hernia, and it is also cosmetically less pleasing.

The introduction o f penicillin in 1940 dramatically 
reduced the risk for peripartum infections. As antibiotic 
therapy emerged, the need for extraperitoneal dissection 
diminished. As technology developed, including improved an
esthesia, and the medical management of pregnancy and child
birth accelerated, CD became more commonplace in obstetrics. 
Given its current safety and effectiveness, a liberalized approach 
to using cesarean childbirth has emerged in developed countries 
over the past 40 years.

INCIDENCE
The CD rate describes the proportion of women undergoing 
CD of all women giving birth during a specific time period. The 
CD rate may be further subdivided into primary and repeat CD

BOX 19-1 SELECTED FACTORS RESPONSIBLE FOR 
INCREASED CESAREAN DELIVERY RATES

Obstetric Factors
Increased  p rim a ry  CD rate

Failed  in d u c tio n , inc re a se d  use o f in d u c tio n  
D ecreased use o f o p e ra tiv e  v a g in a l d e liv e ry  
Increased  m a c ro s o m ia , CD fo r  m a c ro s o m ia  
D ec line  in v a g in a l b reech  d e liv e ry  

Increased  rep e a t CD rate 
D ecreased use o f v a g in a l b irth  a fte r CD

Maternal Factors
Increased  p ro p o r t io n  o f  w o m e n  >35 y r  
Increased  p ro p o r t io n  o f  NP w o m e n  
Increased  p rim a ry  CDs on m a te rn a l re q u e s t

Physician Factors
M a lp ra c tic e  lit ig a tio n  c o n ce rn s

CD, cesarean delivery; NP, nulliparous.

rates, both as a proportion of the entire obstetric population. 
CD rates have risen in the United States in a dramatic fashion 
from less than 5% in the 1960s to 32.7%  by 2013, with stable 
rates around 32%  to 33%  in the last 5 years or so.1 CD
accounts for more than 1 million major operations performed 
annually in the United States. It is the most common major 
surgical procedure undertaken today in the United States and 
around the world. Among the reasons for this increase are
(1) a continued increase in primary CDs for dystocia, failed 
induction, and malpresentation; (2) an increase in the 
proportion o f women with obesity, diabetes mellitus, and 
multiple gestation, which predispose to CD; (3) increased 
practice o f CD on maternal request; and (4) limited use 
of a trial o f labor after cesarean (TOLAC) delivery due to 
both safety and medicolegal concerns. Factors responsible for
increased cesarean rates are shown in Box 19-1.

A recent increase in international CD rates has also been 
documented. Rates of about 25% to 30% are reported in some 
European countries, such as the United Kingdom; they are 
over 40% in Italy, over 50% in China, and even higher in places 
like Brazil and Egypt. The rise in CD rates has prompted in
creased interest in the indications, complications, and tech
niques involved with this procedure.

The World Health Organization (WHO) has proposed an 
incidence o f CD between 10%  and 15%  as a target to opti
mize maternal and perinatal health. However, it is not possible 
to determine an optimal CD rate because any ideal rate must 
be a function of multiple clinical factors that vary in each popu
lation and are influenced by the level of obstetric care provided. 
Further complicating this issue is the absence of complete and 
accurate data that focus on both maternal and infant outcomes. 
Hence, although CD rates can be considered a measure of a 
specific health care process (mode of delivery), these rates are 
not appropriate outcome measures because they do not indi
cate whether cesarean or vaginal birth results in optimal perina
tal outcomes. Maternal and perinatal morbidity and mortality 
should be the outcomes monitored to ensure best quality of 
care. Higher CD rates (e.g., 15% to 20% compared with <5% 
to 10%) have been associated with better perinatal outcomes 
in several studies.4 So instead o f setting goals or limits for 
overall CD rates, it is most important to monitor maternal
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Chapter 19 Cesarean Delivery 427

and perinatal health outcomes. We would all agree with a 0% 
or 100% CD rate if  either of these were associated with the 
lowest incidences of complications for mother or baby. The 
optimal CD rate in the early twenty-first century is in between 
these extremes and depends on the population. For example, 
Robson5 has suggested a helpful classification of different popu
lations to compare cesarean rates. Class I is the most common 
class in most centers and includes singleton term vertex gesta
tions admitted in spontaneous labor. Only by comparing data 
for similar Robson classes, or at least a similar case mix, can data 
regarding CD rates really be objectively evaluated. Moreover, 
institutions involved in tertiary obstetric care that manage a large 
number of preterm deliveries and maternal complications of 
pregnancy should have higher cesarean rates than primary care 
facilities. Two populations often targeted for comparison include 
nulliparous women with a singleton vertex gestation at 37  
weeks or greater without other complications and women 
with one prior low transverse CD delivering a single vertex 
fetus at 37 weeks or greater without other complications.6 
The use of these simple case-mix adjusted rates should make 
comparative evaluation of CD rates and their comparison to 
maternal and perinatal outcomes more meaningful. As data 
become more unified and methodologically sound, the quality 
of obstetric care can be better assessed.

In 2014, the American College of Obstetricians and Gyne
cologists (ACOG) and the Society for Maternal-Fetal Medicine 
(SMFM) published an obstetric care consensus document on 
the safe prevention of primary CD in which several interven
tions were suggested to prevent unnecessary CDs (Box 19-2)7 
Institutions can indeed safely reduce cesarean birth rates through 
quality-improvement initiatives.8

INDICATIONS FOR CESAREAN DELIVERY
CD can be performed for maternal-fetal, fetal, and maternal 
indications. The most common current indications are, in order 
of frequency, (1) failure to progress, also called cepbalopelvic 
disproportion (CPD) or dystocia (about 30%); (2) prior cesarean 
(30%); (3) nonreassuring fetal heart rate (FHR) patterns (10%); 
and (4) fetal malpresentation (10%). Indications are listed by 
category in Box 19-3. Looking at just the first CD, the common 
indications are shown in percentages in Figure 19-1.

Maternal-Fetal Indications
Most CDs are performed for conditions that might pose a threat 
to both mother and fetus if  vaginal delivery occurred. Complete 
placenta previa and placental abruption with the potential for 
hemorrhage are clear examples. Dystocia presents a risk for both 
direct fetal and maternal trauma, and it may also compromise 
fetal oxygenation and metabolic status. The suggestions for 
definitions o f arrest o f labor in the first and second stage and 
failed induction, shown in Box 19-2, should be followed for 
management as long as maternal and fetal conditions are 
reassuring.

Fetal Indications
Fetal indications are primarily recognized by nonreassuring 
FHR testing with the potential for long-term consequences 
of metabolic acidosis. Continuous FHR monitoring is associ
ated with a significant reduction in neonatal seizures and remains 
the most commonly used modality for fetal monitoring in 
labor. Scalp stimulation can be used to ameliorate the high

Preeclampsia

FIG 19-1 Indications for primary cesarean delivery. (Data from Barber 
EL, Lundsberg LS, Belanger K, Pettker CM, Funai EF, llluzzi JL. Indica
tions contributing to the increasing cesarean delivery rate. Obstet 
Gynecol. 2011 ;118:29-38.)

false-positive rate of continuous FHR monitoring (see Box 
19-2). Unfortunately, pulse oximetry, ST-segment monitoring, 
and other modalities have not been shown to affect neonatal 
outcomes or CD rates (see Chapter 15).

Other fetal indications for CD include malpresentation, such 
as a breech orientation, and more than 90% of these babies in 
singleton gestations are delivered by cesarean.9 Active maternal 
herpes infection would be an indication for CD to reduce 
the risk for transmission of infection. Suspected macrosomia 
or the potential for fetal trauma are indications for CD only in 
rare circumstances (see Box 19-2). Fetuses with certain birth 
defects, such as hydrocephalus with macrocephaly and neural 
tube defects, have traditionally undergone CD; however, insuf
ficient data exist to make this an absolute indication. Babies with 
fetal abdominal wall defects, such as omphalocele and gastros- 
chisis, can be delivered safely vaginally, if  there are no obstetric 
indications for cesarean.

Maternal Indications
Maternal indications for CD are relatively few and can be 
considered as medical or mechanical in nature (see Box 19-3). 
Most of these indications are not based on evidence from ran
domized controlled trials (RCTs). Certain maternal cardiac con
ditions, such as a dilated aortic root with Marfan syndrome, are 
indications for CD. Central nervous system abnormalities in 
which increased intracranial pressure would be undesirable, such 
as accompanies the second stage of labor, have also led to recom
mendations for CD.

Alterations in the capacity of the maternal pelvis can be indi
cations for CD. Mechanical vaginal obstruction as a result of 
pelvic masses such as lower segment myomata are examples. 
Finally, women with massive condylomata may also require CD, 
but this is rare.

Cesarean Delivery on Maternal Request
As CD has become safer, women have occasionally voiced their 
wish for a cesarean without a medical indication. This clinical 
scenario has been recently called “cesarean delivery on maternal
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428 Section III Intrapartum Care

BOX 19-2 SAFE PREVENTION OF CESAREAN DELIVERY
First Stage of Labor

• A  p ro lo n g e d  la te n t phase (>20 h r in NP w o m e n  and  >14 
h r in M P w o m e n ) s h o u ld  n o t be an in d ic a tio n  fo r  CD. 
(G rade 1B)

• S lo w  b u t p ro g re s s iv e  la b o r in th e  f irs t  s tage  ra re ly  s h o u ld  
be an in d ic a tio n  fo r  CD. (G rade IB )

• As lo n g  as fe ta l and m a te rn a l s ta tu s  are rea ssu rin g , 
ce rv ica l d ila tio n  o f 6 cm  s h o u ld  be co n s id e re d  the  
th re s h o ld  fo r  th e  a c tive  phase in m o s t la b o rin g  w o m e n . 
T hu s  b e fo re  6 cm  o f  d ila tio n  is a ch ie ved , s ta n d a rd s  o f 
ac tive -p h a se  p ro g re ss  s h o u ld  n o t be a p p lie d . (G rade 1B)

• CD fo r  a c tive -p h a se  a rre s t in th e  f irs t  s tage  o f la b o r 
s h o u ld  be rese rved  fo r  w o m e n  at o r  b e y o n d  6 cm  o f 
d ila tio n  w ith  ru p tu re d  m e m b ra n e s  w h o  fa il to  p ro g re ss  
de sp ite  4 h r o f a d e qu a te  u te rin e  a c tiv ity  o r a t least 6 h r o f 
o x y to c in  a d m in is tra tio n  w ith  in a d e q u a te  u te rin e  a c tiv ity  
and  no ce rv ica l change. (G rade 1B)

Second Stage of Labor

• A  s p e c ific  a b s o lu te  m a x im u m  le n g th  o f th e  se co n d  stage 
o f la b o r a b o ve  w h ic h  all w o m e n  s h o u ld  be d e liv e re d  
o p e ra tiv e ly  has n o t been id e n tif ie d . (G rade 1C)

• B e fo re  d ia g n o s in g  a rre s t o f la b o r in th e  second  s tage, if  
th e  m a te rn a l and fe ta l c o n d itio n s  p e rm it, a llo w  fo r  the  
fo llo w in g :
• A t least 2 h r o f  p u s h in g  in M P w o m e n  (G rade 1B)
• A t least 3 h r o f  p u s h in g  in NP w o m e n  (G rade 1B)
L o n g e r d u ra tio n s  m a y  be a p p ro p r ia te  on an 
in d iv id u a liz e d  basis  (e.g., w ith  th e  use o f e p id u ra l 
ana lge s ia  o r  w ith  fe ta l m a lp o s itio n )  as lo n g  as p ro g re ss  is 
be in g  d o c u m e n te d . (G rade 1B)

• O p e ra tive  v a g in a l d e liv e ry  in th e  second  s tage  o f  la b o r 
s h o u ld  be co n s id e re d  an acce p ta b le  a lte rn a tiv e  to  CD. 
T ra in in g  in , and o n g o in g  m a in te n a n ce  o f, p ra c tica l sk ills  
re la te d  to  o p e ra tiv e  v a g in a l d e liv e ry  s h o u ld  be 
e n co ura g e d . (G rade 1B)

• M an u a l ro ta tio n  o f  th e  fe ta l o c c ip u t in th e  s e ttin g  o f  fe ta l 
m a lp o s it io n  in th e  second  stage  o f  la b o r is a reaso n a b le  
a lte rn a tiv e  to  o p e ra tiv e  v a g in a l d e liv e ry  o r  CD. T o  sa fe ly  
p re v e n t CD in th e  s e ttin g  o f  m a lp o s it io n , it is im p o r ta n t 
to  assess fe ta l p o s itio n  th ro u g h o u t th e  second  s tage  o f 
labo r. (G rade 1B)

Fetal Heart Rate M onitoring

• A m n io in fu s io n  fo r  re p e tit iv e  va ria b le  fe ta l h e a rt rate 
d e c e le ra tio n s  m a y  sa fe ly  reduce  th e  CD rate. (G rade 1A)

• S ca lp  s t im u la tio n  can be used as a m eans o f assessing  
fe ta l ac id -base  s ta tu s  w h e n  a b n o rm a l o r  in d e te rm in a te  
(nonreassuring) fe ta l h e a rt p a tte rn s  (e.g., m in im a l

variability) are present, and it is a safe alternative to CD 
in this setting. (Grade 1C)

Induction of Labor

• Induction of labor generally should be performed based 
on maternal and fetal medical indications and after 
informed consent is obtained and documented.
Inductions at 41 0/7  weeks of gestation and beyond 
should be performed to reduce the risk of CD and the risk 
of perinatal morbidity and mortality. (Grade 1A)

• Cervical ripening methods should be used when labor is 
induced in women with an unfavorable cervix. (Grade IB)

• If the maternal and fetal status allow, CDs for failed 
induction of labor in the latent phase can be avoided by 
allowing longer durations of the latent phase (up to 2 4  hr 
or longer) and requiring that oxytocin be administered 
for at least 18 hr after membrane rupture before deeming 
the induction a failure. (Grade 1B)

Fetal Malpresentation

• Fetal presentation should be assessed and documented 
beginning at 3 6  0 /7  weeks of gestation to allow for 
external cephalic version to be offered. (Grade 1C)

Suspected Fetal Macrosomia

• CD to avoid potential birth trauma should be limited to 
estimated fetal weights of at least 5 0 0 0  g in women 
without diabetes and at least 4 5 0 0  g in women with 
diabetes. The prevalence of birthweight of 5 0 0 0  g or 
more is rare, and patients should be counseled that 
estimates of fetal weight, particularly late in gestation, 
are imprecise. (Grade 2 C)

• Women should be counseled about the IOM maternal 
weight guidelines in an attempt to avoid excessive 
weight gain. (Grade 1B)

Twin Gestations

• Perinatal outcomes for twin gestations in which the first 
twin is in cephalic presentation are not improved by CD. 
Thus women with either cephalic/cephalic-presenting 
twins or cephalic/noncephalic-presenting twins should be 
counseled to attempt vaginal delivery. (Grade 1B)

Other

• Individuals, organizations, and governing bodies should 
work to ensure that research is conducted to provide a 
better knowledge base to guide decisions regarding CD 
and to encourage policy changes that safely lower the 
rate of primary CD. (Grade 1C)

Modified from  the American College of Obstetricians and Gynecologists , Society fo r Maternal-Fetal Medicine, Caughey AB, Cahill AG, Guise JM, Rouse 
DJ. Safe prevention of the prim ary cesarean delivery. Am J Obstet Gynecol. 2014;210(3): 179-193.
CD, cesarean delivery; IOM, Institute of Medicine; MP, multiparous; NP, nulliparous.

BOX 19-3 SELECTED INDICATIONS FOR CESAREAN DELIVERY BY CATEGORY
Maternal-Fetal M aternal
Cephalopelvic disproportion Specific cardiac disease (e.g., Marfan syndrome with
Placental abruption dilated aortic root)
Placenta previa
Repeat cesarean delivery Fetal
Cesarean delivery on maternal request Nonreassuring fetal status

Breech or transverse lie
Maternal herpes
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Chapter 19 Cesarean Delivery 429

BOX 19-4 RISKS AND BENEFITS OF CESAREAN 
DELIVERY WITHOUT MEDICAL INDICATIONS
Potential Benefits

Reduction in perinatal morbidity and mortality:
Elimination of intrapartum events associated with 

perinatal asphyxia 
Reduction in traumatic birth injuries 
Reduction in stillbirth beyond 39  weeks' gestation 

Possible protective effect against pelvic floor dysfunction 
Less postpartum hemorrhage

Potential Risks
Increased short-term maternal morbidity 
Increased endometritis, transfusion, and venous 

thrombosis rates 
Increased length of stay and longer recovery time 
Increased short-term neonatal morbidity 
Increased mild neonatal respiratory morbidity 
Increased long-term maternal and neonatal morbidity 
Increased risk for placenta accreta and hysterectomy with 

subsequent cesarean deliveries

request.” The lack o f specificity o f the term “elective” suggests 
the most reasonable and prudent course o f action is to not 
use it, but rather to document the specific indication—  
whether medical or nonmedical— for the intervention or 
procedure (i.e., CD on maternal request).10 At times, physi
cians have also advocated cesarean as the preferred mode of 
delivery, even in the absence of accepted indications as described 
previously. We would term this scenario “cesarean delivery on 
physician request.”

The decision to plan a cesarean or a vaginal birth should be 
based on the best literature available with which to compare 
these choices. Cases in which cesarean (or vaginal) delivery is 
for accepted indications as described previously should be 
excluded from this comparison. The National Institutes of 
Health (NIH) and ACOG have carefully reviewed the literature 
on this topic.11,12 Both have reported that no quality evidence 
has compared planned cesarean to planned vaginal delivery 
because no randomized studies exist for the majority of women—  
those with a singleton gestation in vertex presentation at term. 
Moderate-quality evidence shows that planned cesarean is asso
ciated with less postpartum hemorrhage, more mild neonatal 
respiratory morbidity, longer maternal hospital stay, and possibly 
greater complications in subsequent pregnancies (Box 19-4).11,12 
Women who desire several children should be advised against 
non-medically indicated CD because o f the direct associa
tion with an increasing number o f CDs and increasing life- 
threatening complications such as placenta previa, placenta 
accreta, and the need for cesarean hysterectomy.12 Unfortu
nately, at times CD is performed on maternal request because 
of a fear of excessive pain and fear of damage to the vagina 
and perineum. Fear of childbirth is present in about 3% to 8% 
of women, who should be reassured of adequate maternal pain 
relief in labor and counseled regarding TOLAC. Increased 
maternal risks attributed to vaginal delivery also include urinary 
and fecal incontinence, pelvic prolapse, and sexual dysfunction. 
The precise contribution of vaginal delivery versus pregnancy 
and labor to these complications remains difficult to ascertain, 
and many epidemiologic studies do stratify data according to 
variables such as gestational age, maternal age, parity, and fetal 
weight.

All remaining comparisons, which will be discussed later, are 
based on weak evidence and should not decisively sway clinical 
decisions. Perinatal mortality has been reported to be several 
times lower with a planned CD compared with labor and 
vaginal birth. Additionally, hypoxic-ischemic encephalopathy 
(HIE) of the newborn related to intrapartum events— including 
abruption, cord prolapse, and progressive asphyxia—occurs in 
approximately 1 in 3000 to 5000 births. M any of these cases 
presumably would be prevented by planned CD, as would unex
plained stillbirths that occur beyond 39 weeks’ gestation. Trau
matic birth injuries such as intracranial hemorrhage, fractures, 
and brachial plexus in jury are also reduced with CD.

Overall, the maternal risks of CD have been considered 
marginal compared with those of vaginal delivery. Excluding 
indicated cesarean deliveries, rates of maternal mortality are 
comparable with those of vaginal delivery. Sachs and colleagues13 
reported a CD-associated mortality rate of 22.3 per 100,000 
compared with 10.9 per 100,000 for vaginal delivery; however, 
the rates were comparable excluding medical complications.

CD does increase maternal morbidity. Compared with vaginal 
birth, the rate of endometritis is increased (3.0% vs. 0.4%), yet 
rates of postpartum hemorrhage, transfusion, and deep venous 
thrombosis (DVT) are comparable. Other reports confirm 
increased risks for these morbidities with CD, including major 
complication rates as high as 4.5% . CD also presents a risk for 
future placental abnormalities, including placenta previa and 
placenta accreta. These risks increase with the increasing 
number o f CDs performed for each woman and are substan
tial with more than three operations. Thus the decision to 
undergo CD on request must include thoughtful consider
ation o f future childbearing plans.

W hen a planned CD is performed without accepted indica
tions, at the request of either the patient or the physician, it 
should be performed at 39 weeks.11,12,14 After appropriate coun
seling, if  the woman still insists on a CD, implementing her 
request is ethically permissible. Less than 10% of women prefer 
a CD based solely on their own desires.

TECHNIQUE OF CESAREAN DELIVERY
Because more than 1.3 million CDs are performed in the United 
States every year,15 and about 20 million are done worldwide, it 
is extremely important to adhere to the safest, most effective 
technique associated with the lowest perinatal and maternal 
complications. Each aspect of CD should be evaluated individu
ally, optimally by RCT, because it is impossible to evaluate 
the benefit of a specific technical aspect if  multiple aspects are 
studied together. Proper universal surgical precautions aimed at 
preventing blood loss and infection should be used. Preferred 
technical aspects of CD are shown in Table 19-1.

Precesarean Antibiotics
Prophylactic preoperative antibiotics are o f clear benefit in 
reducing the frequency o f postcesarean endomyometritis and 
wound infection in both laboring and nonlaboring CDs.5
The timing, agents, and dosages of prophylactic antibiotics have 
been extensively studied.16,1 Prophylactic antibiotics should be 
given approximately 30 to 60 minutes before the skin incision 
to allow for adequate tissue concentrations; pharmacokinetic 
studies of cefazolin demonstrate that adequate concentration in 
maternal and amniotic fluid samples are attained 30 minutes 
after administration.1 19 The preferred agent for prophylaxis
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430 Section III Intrapartum Care

TABLE 19-1 EVIDENCE-BASED RECOMMENDATIONS FOR CESAREAN DELIVERY TECHNIQUES

STEP

Antibiotic prophylaxis with 
IV first-generation 
cephalosporin or 
ampicillin 

Thromboprophylaxis

Lateral tilt
Bladder catheterization

Vaginal povidone-iodine 
preparation 

Hair removal

Site preparation 
Drapes
Prevent needle sticks 
Skin incision 
Bladder flap 
Uterine incision

Uterine expansion

Cord clamping

Prevention of postpartum 
hemorrhage 

Placental delivery

Abdominal irrigation

Uterine exteriorization

Cervical dilation 
Uterine repair

Subcutaneous space closure 
Skin closure

EVIDENCE SUPPORTS IT: DO THIS

Administer 30 to 60 min before cesarean

Use mechanical prophylaxis with graduated 
compression stockings or a pneumatic 
compression device during and after CD. 

Consider a lateral tilt.

EVIDENCE REFUTES IT: DO 
NOT  DO THIS

Administer at neonatal cord clamp.

CAN BE CONSIDERED

Hair does not need to be removed, but if it is, 
use hair clippers the morning of the surgery.

Use chlorhexidine-alcohol.
Use nonadhesive drapes.
Consider blunt needles.
Use a transverse skin incision.
Do not develop a bladder flap.
Make a low transverse uterine incision unless a 

vertical incision is indicated (see Box 19-5).
Use blunt uterine incision expansion with 

cephalad-caudad traction.
Delay cord clamping for 30 to 120 sec for 

infants younger than 37 wk.
Use oxytocin 10 to 80 IU in 1 L crystalloid.

Deliver the placenta spontaneously with gentle 
cord traction.

Do not manually or surgically dilate the cervix.
Use a single layer if  the patient has completed 

childbearing (e.g., bilateral tubal ligation 
performed concurrently with CD). Consider 
a double layer otherwise.

Close subcutaneous space if 2 cm or larger.
Close the transverse skin incision with suture.

Shave preoperatively.

Use adhesive drapes.
Consider not using sharp needles.

Make a vertical uterine incision.

Use sharp uterine extension; use 
transverse traction.

Use misoprostol in lieu of oxytocin.

Deliver the placenta manually.

Use intraabdominal irrigation with NS 
to decrease maternal morbidity.

Manually or surgically dilate the cervix.

Routinely use subcutaneous drains. 
Close the transverse skin incision with 

staples.

Intraoperative catheterization is 
not mandatory; consider 
removal immediately after 
operation.

This can be considered.

Tranexamic acid and carbetocin 
may be considered.

This is suggested to facilitate 
better visualization.

CD, cesarean delivery; IV, intravenous; NS, normal saline.

is either a first-generation cephalosporin (e.g., cefazolin) or 
ampicillin.20'23 For women who have an anaphylactic allergic 
reaction to penicillin, either metronidazole or clindamycin and 
gentamicin can be used. No apparent advantage has been shown 
with more broad-spectrum antibiotic prophylaxis (e.g., azithro
mycin or metronidazole), except perhaps for women who do not 
get antibiotic prophylaxis for CD .20'25 Single-dose therapy is as 
effective as multidose therapy26 and is therefore preferred.

For women with clinical chorioamnionitis, treatment 
with combination antibiotic therapy (e.g., ampicillin sodium/ 
sulbactam sodium) supplants the need for prophylaxis i f  given 
within the appropriate time frame o f cesarean skin incision. 
This therapy should be instituted promptly upon diagnosis of 
chorioamnionitis, and it should be continued until the patient 
exhibits a clinical response.

Precesarean Thromboprophylaxis
Because venous thromboembolism (VTE) is the leading 
cause o f maternal mortality in developed countries, and CD 
increases this risk, thromboprophylaxis should be considered

in all CDs. Because the incidence of clinically significant throm
bosis is 0.9% ,27 an insufficient number of women have been 
randomized to mechanical prophylaxis, heparin, low-molecular- 
weight heparin, or no anticoagulation to assess safety and efficacy 
of these treatment regimens in comparison to one another.16’28'31 
We recommend mechanical prophylaxis with graduated com
pression stockings or a pneumatic compression device32,33 during 
and after every CD until ambulation resumes.34 Women with 
additional risk factors such as morbid obesity, prior VTE, or 
immobility may benefit from medical thromboprophylaxis after 
cesarean (e.g., with prophylactic heparin).

Other Prophylactic Precesarean Interventions
A lateral tilt of about 15 degrees is suggested to elevate the 
mother’s right side to avoid vena caval compression and supine 
hypotension syndrome. However, left lateral tilt, head-up or 
head-down position, the use of wedges and cushions, flexion of 
the table, and use of a mechanical displacer have been insuffi
ciently studied to provide any strong recommendation for 
routine clinical use.35
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Chapter 19 Cesarean Delivery 431

Vaginal preparation immediately before CD with povidone- 
iodine solution significantly reduces the incidence of postcesar
ean endometritis (from 8.3% in those who received placebo 
preparations to 4.3% ), especially in women with ruptured mem
branes (17.9% reduced to 4.3%) and those in labor (13.0% 
reduced to 7.4% ).36 Although antibiotics were administered 
prophylactically for CD in these trials, at least one trial admin
istered antibiotics at cord clamping, and two trials did not 
specify the tim ing of antibiotic administration. Therefore it is 
unclear whether vaginal preparation reduces morbidity in 
women who receive antibiotic prophylaxis for CD preopera- 
tively as is currently recommended.

Fixing an indwelling urethral catheter (e.g., Foley) is routinely 
performed for planned and emergency CD in most countries 
around the world. The drainage tube is inserted when analgesia 
is established and is then left in situ for 12 to 24 hours until the 
patient is able to mobilize. This tube is connected to a closed 
collection system to evacuate urine and decompress the urinary 
bladder. This may improve visualization of the lower uterine 
segment, which could minimize bladder injury. However, one 
RCT has shown that the incidence of urinary tract infection, 
time to patient ambulation, time to first postoperative voiding, 
requirement for oral rehydration, intestinal movement, and 
duration of hospital stay are all significantly reduced in the 
uncatheterized group with no increase in intraoperative compli
cations or urinary retention.3 It should be noted that the study 
was not powered to assess for differences in bladder or ureteral 
injury.3' Alternatively, immediate postoperative removal of a 
urethral catheter after planned CD may be associated with a 
lower risk of urinary infection, although the difference was 
nonsignificant.38 Urinary bladder catheterization for CD is 
prudent until evidence can delineate that eliminating this 
practice will not result in an increase in bladder or ureteral 
injury. For those who choose not to place an indwelling catheter 
for CD, the patient should void immediately prior to the 
operation.39 Indwelling catheter placement in hemodynamically 
unstable women is recommended to monitor urine output and 
evaluate fluid balance.

Site Preparation
Preparation of the skin is performed to reduce the risk for 
wound infection by decreasing the amount of skin flora and 
contaminants at the incision site. Hair does not have to be 
removed from the operative site. Removal with a razor may 
actually increase the risk for infection by breaks in the skin that 
allow entry of bacteria.40 For this reason, some advocate clipping 
of the hair on the morning of surgery.40 Only enough hair 
should be removed to allow good approximation of skin edges.

Incision-site preparation is accomplished in the operating 
room through application o f a surgical scrub. CD wounds 
are considered to be clean contaminated. Chlorhexidine- 
alcohol scrub has been associated with a lower incidence of 
wound infection compared with povidone-iodine scrub.41 In 
addition, drapes should not be adhesive because such drapes 
have been associated with a higher rate of wound infection 
compared with nonadhesive drapes.42"”

Abdominal Skin Incision and Abdominal Entry
In general, universally accepted good surgical techniques 
aimed at avoiding excessive blood loss and tissue trauma 
should be used. Compared with sharp needles, the use of blunt 
needles during CD is associated with a decrease in the rate of

FIG 19-2 The Pfannenstiel abdominal incision is the most common for 
cesarean delivery (A). The midline (B) and Maylard (C) incisions are 
much less common. Hatched lines indicate possible extension. (Modi
fied from Baker C, Shingleton HM. Incisions. Clin Obstet Gynecol. 
1988:31:701.)

surgeon glove perforation but also with a decrease in surgeon 
satisfaction.^

The surgeon has a choice o f a transverse or vertical skin 
incision, with the transverse Pfannenstiel being the most 
common incision type in the United States (Fig. 19-2). Factors 
that influence the type o f incision include the urgency o f the 
delivery, placental disorders such as anterior complete pla
centa previa and placenta accreta, prior incision type, and 
the potential need to explore the upper abdomen for nonob- 
stetric pathology. Although some still prefer a vertical inci
sion in emergency situations, a Pfannenstiel incision actually 
adds only 1 minute o f extra operative time in primary and
2 minutes in repeat cesareans, differences that are not associ
ated with improved neonatal outcome compared with that o f 
a vertical incision.46 Vertical incisions have been performed very 
rarely in the United States and Europe for routine CDs since 
the 1980s. A survey of obstetricians in the United Kingdom 
found that more than 80% use the Pfannenstiel abdominal 
entry.47 The remaining 20% use the incision and abdominal 
entry described by Joel-Cohen.48 A survey of obstetric residents 
in the United States found that 77% use a horizontal skin inci
sion for urgent or emergency CD.49 Overall, the Pfannenstiel 
incision is currently the preferred technique around the world 
and is used for more than 90% of CDs in the United States. 
The Joel-Cohen incision was described for gynecologic surgical 
procedures such as abdominal hysterectomy, and it allows similar 
access to the pelvis and lower abdomen as a vertical incision but 
is more cosmetic and less painful postoperatively. In the early 
1990s, the Joel-Cohen incision (Video 19-1) was integrated by 
Stark and colleagues50,51 into a minimalist cesarean technique 
now called the Misgav Ladach method. Thus far, studies reporting 
the benefits of the Joel-Cohen incision include multiple aspects 
of the CD technique, not just the skin incision16; therefore they 
are not clinically helpful in determining the benefit of the indi
vidual CD steps.5” Given this, we do not recommend the
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432 Section III Intrapartum Care

Joel-Cohen incision over the Pfannenstiel cesarean tech
nique. For most repeat CDs, the prior skin incision is used. 
Transverse skin incisions are preferable to vertical incisions (see 
Table 19-1).

When a transverse Pfannenstiel skin incision is used, it is 
made about two fingerbreadths (1 inch or 2.5 cm) above the 
symphysis in the midline and is extended laterally in a slightly 
curvilinear manner. The length of the incision should be based 
on the estimated fetal size; at term, it usually should be about 
15 cm, or the length of an Allis clamp. The site of the incision, 
either below or above the pannus or either vertical or transverse, 
has not been sufficiently studied in obese individuals to provide 
an evidence-based recommendation.

Occasionally, a transverse incision of the rectus sheath and 
muscles (Maylard incision) is necessary for proper exposure and 
room to deliver the fetus (e.g., with massive fetal hydrocephaly). 
In these cases, only the medial half of the muscle is incised to 
avoid lacerating the deep epigastric vessels. Complete transec
tion of the rectus muscles is referred to as the Cherney incision, 
which requires identification of the epigastric vessels and ligation 
bilaterally.

Following the skin incision, the subcutaneous tissue is then 
bluntly pushed away to identify the underlying fascia. In repeat 
operations, sharp dissection of the subcutaneous adipose tissue 
may be required. The fascia is incised and dissected or is bluntly 
extended in a mild curvilinear manner bilaterally. It should be 
tented with the surgeon’s forceps to separate it from the underly
ing muscle and to identify perforating vessels, which may require 
ligation or coagulation. Curvilinear extension is essential because 
direct transverse extension often leads to inadvertent muscle 
incisions and bleeding.

Once the fascial incision is completed, the fascia is then 
grasped in the midline bilaterally and is separated from the 
underlying rectus muscles superiorly and inferiorly by blunt and 
sharp dissection from the median raphe. The rectus muscles can 
be separated bluntly in the midline to reveal the posterior rectus 
sheath and peritoneum, which can also be entered bluntly with 
the fingers to avoid trauma to the underlying bowel. The point 
of entry should be as superior as possible to avoid bladder injury, 
particularly in repeat operations in which the bladder may be 
adherent superiorly.

Bladder Flap
Creation o f a bladder flap versus a direct uterine incision 
above the bladder fold has been compared in four random
ized trials o f 581 women.51 Bladder flap development was 
associated with a longer incision-to-delivery interval o f 
1.27 minutes without any differences in bladder injury, total 
operating time, blood loss, or hospital length o f stay.11 It 
is important to note that emergency CDs were excluded 
from the studies, and the majority o f pregnancies were over 
32 weeks’ gestation. Overall, the populations were heteroge
neous: two o f the four trials were o f poor methodologic 
quality, and one was unpublished. 3 Because there does not 
appear to be any direct advantage gained from creating a bladder 
flap, we do not develop a bladder flap.

Should the obstetrician elect to create a bladder flap, the vesi
couterine serosa is picked up with smooth forceps and is incised 
in the midline with Metzenbaum scissors. The incision is carried 
out laterally in a curvilinear manner. The vesicouterine fold is 
then tented with forceps or a pair of hemostats, which allows 
direct visualization as the bladder flap is bluntly created using

the index and middle fingers. Sharp dissection may be necessary, 
particularly in repeat operations. The surgeon then bluntly 
sweeps out laterally on each side to allow just enough room for 
insertion of the bladder blade. A Richardson retractor is then 
inserted laterally, and continuous suction is made available in 
preparation for the uterine incision.

Uterine Incision
Following full entry into the peritoneal cavity, the surgeon 
should palpate the uterus for fetal presentation and alignment 
and then place a bladder retractor to expose the lower uterine 
segment. The uterus is often dextrorotated, and its position must 
be appreciated to plan the incision site. The safety and efficacy 
of using special retractors, especially in obese women, has been 
insufficiently studied.

The low transverse uterine incision replaced the vertical 
uterine incision at the beginning o f the twentieth century. 
The low transverse incision is preferred to a vertical incision 
because it is associated with less blood loss, is easier to per
form and repair, and provides for the option o f subsequent 
TOLAC because the rate o f subsequent rupture is lower than 
with incisions that incorporate the upper uterine segment.,4

In cases of a low transverse incision, the incision is begun at 
least 2 cm above the bladder margin (Fig. 19-3) and suction is 
applied. Tamponade with sponges superiorly and inferiorly can 
be performed if  considerable bleeding is encountered. This tech
nique allows better visualization and minimizes the chance of 
fetal laceration. Once the uterine cavity is confirmed, typically 
by visualization of the amniotic membranes or fetus, the incision 
is extended laterally and superiorly at the angles by blunt spread
ing using the index fingers. Randomized trials have compared 
blunt versus sharp extension of the uterine incision. Sharp exten
sion is associated with increased blood loss and the need for 
transfusion compared with blunt extension.^ Blunt uterine inci
sion extension can be done preferably with cephalad-caudad 
traction because transverse expansion is associated with more 
unintended extension and more blood loss.56 As for the skin and 
the fascial incisions, adequate exposure for an easy extraction of 
the fetus should be obtained. At term, this is usually more than 
15 cm.

Vertical uterine incisions are now rarely performed (Box 
19-5). W hen a vertical incision is used, it is either low  (involving 
mostly the low uterine segment) or classical (involving the upper 
uterine segment) and should have clear indications. A vertical 
uterine incision may need to be performed if  the lower 
uterine segment is poorly developed (e.g., at 23 to 25 weeks’ 
gestation); i f  the fetus is in a back-down transverse lie; in cases 
o f an anterior placenta previa or accreta, often in combina
tion with a hysterectomy (Chapter 21); or if leiomyomas 
obstruct the lower segment. Other, even less common

BOX 19-5 POTENTIAL INDICATIONS FOR VERTICAL 
UTERINE INCISION
• Lower uterine segment is poorly developed (e.g., at 23 

to 25  weeks gestation).
• Fetus is in a back-down transverse lie.
• An anterior leiomyoma obstructs the lower uterine 

segment.
• Complete anterior placenta previa or placenta accreta is 

present.
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Chapter 19 Cesarean Delivery 433

FIG 19-3 Uterine incisions for cesarean delivery. A, In the low transverse incision (performed in >90% of cesarean deliveries) the incision is made 
in the lower uterine segment, curving gently upward. If the lower segment is poorly developed, the incision can also curve sharply upward at 
each end to avoid extending into the ascending branches of the uterine arteries. B, The low vertical incision is made vertically in the lower 
uterine segment, avoiding extension into the bladder below. If more room is needed, the incision can be extended upward into the upper uterine 
segment. C, The classical incision is entirely within the upper uterine segment and can be at the level shown or in the fundus. D, With the J  
incision, if more room is needed when an initial transverse incision has been made, either end of the incision can be extended upward into the 
upper uterine segment and parallel to the ascending branch of the uterine artery. E, With the T incision, more room can be obtained in a trans
verse incision by an upward midline extension into the upper uterine segment.

FIG 19-4 Low vertical incision. A, Ideally, a vertical incision is contained entirely in the lower uterine segment. B, Extension into the upper uterine 
segment, either inadvertently or by choice, is common.

indications may include certain fetal abnormalities such as 
massive hydrocephalus, a very large sacrococcygeal teratoma, or 
to deliver conjoined twins. The disadvantages of a classical inci
sion are its tendency for greater adhesion formation and greater 
risk for uterine rupture with subsequent pregnancy. The low

vertical incision depends on the downward displacement of the 
bladder to confine the incision to the true lower segment (Fig. 
19-4). The incision is begun as inferiorly as possible and is 
extended cephalad with the fingers or bandage scissors. If the 
thick myometrium of the upper segment is incised, the incision
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434 Section III Intrapartum Care

becomes a classical one and should be described as such in the 
operative report.

Delivery of the Fetus
Once an adequate uterine incision has been completed, the fetal 
head is extracted by elevation and flexion using the operator’s 
hand as a fulcrum. Adequate fundal pressure by the assistant is 
often critical to obtain delivery. If the head is not easily delivered, 
the uterine incision (or skin or abdominal incisions) may be 
extended. Rarely, a tee incision will be made to facilitate deliv
ery; for example, when the fetus is in a back-down transverse lie 
and cannot be rotated. The use of forceps and/or vacuum will 
be needed in few cases and should generally be avoided.

When the vertex is wedged in the maternal pelvis, usually 
in advanced second-stage arrest, reverse breech extraction 
(the “pull” method) has been associated with shorter operat
ing time, less extension o f the uterine incision, and postpar
tum endometritis compared with vaginal displacement o f the 
presenting part upward,^ but the evidence is insufficient to 
make a strong recommendation. As noted above, vacuum extrac
tion or short Simpson forceps should in general be avoided 
because they are rarely necessary if  the previously mentioned 
steps are taken.

Following delivery, the cord is clamped and cut, and the 
infant is passed from the field to the pediatric team. Delayed 
cord clamping (DCC) for 30 to 120 seconds and/or or umbilical 
cord milking has been shown to increase placental transfusion, 
which leads to an increase in neonatal blood volume at birth of 
approximately 30%. In preterm neonates, increasing evidence 
suggests that DCC significantly decreases the need for blood 
transfusions, the incidence of necrotizing enterocolitis, and the 
risks of intraventricular hemorrhage and late-onset sepsis.™'51 
Therefore DCC is recommended for all CDs done before 37 
weeks. No such strong evidence exists for term newborns: DCC 
increases early hemoglobin concentrations and iron stores, but 
it may also adversely increase the risk of jaundice and the need 
for phototherapy in term neonates.60

Prevention of Postpartum Hemorrhage
Following delivery of the infant, intravenous (IV) oxytocin is 
started as a drip. Studies suggest that 10 to 80 IU o f oxytocin 
in 1 L crystalloid infused over 4 to 8 hours significantly pre
vents uterine atony and postpartum hemorrhage.16 One study 
that randomized 1798 women to postcesarean IV administra
tion of oxytocin at doses of 80 IU, 40 IU, and 10 IU showed 
no differences in the composite outcome of treatment for hem
orrhage and atony; however, 80 IU did decrease the need for 
treatment with additional oxytocin compared with the 10 IU 
dose.61 One study of 110 women that compared an oxytocin 
5-IU bolus with the same bolus followed by 30-IU infusion 
revealed no significant differences in mean blood loss or in the 
percentage of patients that required additional uterotonics.61,62 
Misoprostol should not be used in lieu of oxytocin.16

Preincision administration of tranexamic acid (10 mg/kg IV) 
has been shown to decrease blood loss and the need for utero
tonics.16’63 Postdelivery administration of carbetocin (100 |lg) 
resulted in a decrease in the need for uterotonics and uterine

64massage.

Placental Extraction
Removal o f the placenta by spontaneous expulsion with 
gentle cord traction has been shown by several RCTs to be

associated with less blood loss and a lower rate o f endo
metritis than manual extraction.10 ' Therefore spontaneous 
expulsion with gentle cord traction and uterine massage 
should be performed for delivery o f the placenta. Intraopera
tive glove change has not been shown to decrease the risk of 
endometritis after CD.66

Uterine Repair
Uterine repair may be greatly facilitated by lifting the fundus 
and delivering the uterus through the abdominal incision. 
Uterine exteriorization can facilitate better visualization of the 
extent of the incision to be repaired and can provide a view of 
the adnexa. No significant increased risk for blood loss, infec
tion, hypotension, or nausea and vomiting with exteriorization 
of the uterus has been reported compared with intraabdominal 
repair, as shown by a meta-analysis of 11 trials.68 The decision 
regarding uterine exteriorization can be based on the surgeon’s 
preference.

Bleeding along the incision line is temporarily controlled 
using ring clamps because they are less traumatic than other 
instruments. The uterus is then manually curetted with a moist
ened sponge, and all placental fragments or membranes are 
teased away from the uterine wall. Manual or surgical dilation 
of the cervix following placental removal is not associated with 
any benefit.16,69

The uterine incision should be well inspected before closure. 
Any inferior extensions of the incision should be visualized and 
repaired separately before closure.

The first layer o f uterine closure is performed using con
tinuous suturing. This technique is associated with less oper
ating time and reduced blood loss compared with interrupted 
sutures. 11 The locking o f the primary layer o f closure facili
tates hemostasis but may not be necessary i f  the incision is 
fairly hemostatic before closure. Size 1-0 or 0-0 synthetic 
suture is used. Full-thickness repair that includes the endo
metrial layer is associated with improved healing as evidenced 
by ultrasound 6 weeks after CD.11 1

The lower uterine incision may be closed with either a single 
or double layer of sutures (Fig. 19-5). Single-layer closure 
is associated with a statistically significant but clinically small 
reduction in mean blood loss, duration of the operative

FIG 19-5 Closure of low transverse incision. A, The first layer can be 
either continuous (recommended) or interrupted. Despite its reputed 
hemostatic abilities, a continuous locking suture is less desirable 
because it may interfere with incision vasculature and, hence, with 
healing and scar formation. B, A second inverted layer is created using 
a continuous Lembert or Cushing stitch. Inclusion of too much tissue 
produces a bulky mass that may delay involution and can interfere 
with healing.
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Chapter 19 Cesarean Delivery 435

FIG 19-6 Repair of a classical incision. Three-layer closure of a classical incision, including inversion of the serosal layer to discourage adhesion 
formation. The knot at the superior end of the incision of the second layer can be buried by medial-to-lateral placement of the suture from 
within the depth of the incision and subsequent lateral-to-medial reentry on the opposing side with resultant knot placement within the 
incision.

procedure, and presence of postoperative pain compared with a 
double-layer closure. 2 Controversy surrounds whether an in
creased risk for subsequent uterine rupture or placenta accreta 
accompanies the single-layer closure technique (Chapter 20). 
In women who receive a tubal ligation at the time of CD, we 
usually perform a single-layer closure if  excellent hemostasis is 
achieved. Otherwise, we prefer a double-layer closure; however, 
randomized trials that have assessed one- versus two-layer uter
ine closure have reported mostly short-term outcomes with in
sufficient evidence to assess long-term outcomes, in particular, 
uterine rupture with a TOLAC in a future pregnancy.16

A vertical uterine incision generally requires at least a double
layer, but more often a triple-layer, closure technique (Fig. 19-6) 
with a baseball stitch used on the uterine serosa.

The uterine incision is carefully inspected for hemostasis 
before returning the uterus to the peritoneal cavity. Individual 
bleeding points are cauterized or ligated using as little suture 
material as possible. The adnexa are inspected, and tubal ligation 
is performed if  so desired. Following return of the uterus inside 
the pelvis, sponge and needle counts are then performed before 
abdominal closure. Intraabdominal irrigation does not reduce 
intrapartum or postpartum maternal morbidity.73

Abdominal Closure
The parietal and visceral peritoneum are not reapproximated 
because spontaneous closure will occur within days, and non
closure has been associated in several RCTs with less operative 
time, less fever, reduced hospital stay, and less need for analge
sia compared with closure.74 Some limited non-level 1 data 
suggest that closure of the parietal peritoneum may decrease the 
risk of future adhesions,75 but this has not been confirmed by 
better data.

No trials have evaluated the technical aspects of fascial closure 
at CD. The rectus fascia is usually closed with a continuous 
nonlocking technique, but some prefer interrupted sutures. 
Because the fascia is not as vascular, this layer is not locked 
so as not to cause strangulation of the fascia, which could

increase the risk of fascial dehiscence. A suture with good tensile 
strength and relatively delayed absorption is preferred. Synthetic 
braided or monofilament sutures are best to use. In most 
instances, a running continuous monofilament propylene suture 
will suffice for a transverse incision. In closing the fascia, place
ment of the sutures should be at a minimum 1 cm from the 
margin of the incision; sutures are placed at about 1-cm inter
vals. In most cases of wound disruption, the suture remains 
intact but has cut through the fascia as a result of placement too 
close to the cut margin. Patients at risk for wound disruption 
may benefit from either the Smead-Jones technique or inter
rupted figure-of-eight suturing, both using delayed-absorption 
suture material such as monofilament polyglycolic acid. The 
Smead-Jones closure technique is preferred for vertical incisions 
in high-risk cases (Fig. 19-7). To accomplish this technique, a 
suture is made with either far-near or near-far placement that 
passes through the lateral side of the anterior rectus fascia and 
adjacent subcutaneous adipose tissue; then, it crosses the midline 
of the incision to pick up the medial edge of the rectus fascia, 
then catches the near side of the opposite rectus sheath before 
returning to the far margin of the opposite rectus sheath and 
subcutaneous fat.

The subcutaneous tissue is closed if it will facilitate skin 
closure or if the fat thickness is at least 2 cm. Closure o f the 
subcutaneous tissue o f at least 2 cm with sutures is associated 
with fewer wound complications—such as a hematoma, 
seroma, wound infection, or wound separation—compared 
with no closure. 6 Prophylactic wound drainage is not associ
ated with benefits and should therefore not be performed 
routinely.77 79 Occasionally, when hemostasis is not adequate 
either intraabdominally or subcutaneously, drains can be used, 
but there are no level 1 data that prove their effectiveness.

The transverse cesarean skin incision should be closed 
with subcuticular suture, rather than staples, because suture 
closure significantly decreases by 57% the risks o f wound 
complications (from 10.6%  to 4.9%) and specifically 
wound separation (from 7.4%  to 1.6% ).80'81 Staple closure
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FIG 19-7 Modification of far-near, near-far Smead-Jones suture. Suture 
passes deeply through the lateral side of the anterior rectus fascia 
and adjacent fat, crosses the midline of the incision to pick up the 
medial edge of the rectus fascia, then catches the near side of 
the opposite rectus sheath; finally, it returns to the far margin of the 
opposite rectus sheath and subcutaneous fat. (Modified from Ameri
can College of Obstetricians and Gynecologists. Prologue. In: Gyne
cologic Oncology and Surgery. Washington, DC: American College of 
Obstetricians and Gynecologists; 1991, p 187.)

is approximately 7 minutes faster than suture closure.82 Evi
dence is insufficient to make a recommendation for closure 
method for CDs performed using vertical skin incisions.8"81

COMPLICATIONS OF CESAREAN DELIVERY 
Intraoperative Complications
Women undergoing CD are at risk for several intraoperative 
complications, including hemorrhage and injury to adjacent 
organs. Injury to the bowel, bladder, and ureters is uncommon; 
however, the obstetrician must be familiar with management 
of these problems. The key element is to recognize and define 
the extent of these injuries and to promptly institute repair. 
Consultation with a urologist, general surgeon, or gynecologic 
oncologist may be necessary depending on the skill level of the 
obstetrician and the complexity of the injury encountered.

Uterine Lacerations
Lacerations of the uterine incision most commonly involve 
extension of a low transverse incision following arrest of descent 
in the second stage or with delivery of a large fetus. Most lac
erations are myometrial extensions that can be closed with 
a running locking suture independently or in conjunction 
with closure o f the primary uterine incision. High lateral 
extensions may require unilateral ascending uterine artery 
branch ligation. In cases that extend laterally and inferiorly, care 
must be taken to avoid ureteral injury. On occasion, if  the exten
sion involves bleeding into the broad ligament, opening this 
space and identifying the ureters before suture placement may 
be helpful. On rare occasions, retrograde ureteral stent place
ment may be necessary. Opening the dome of the bladder is the 
preferred technique for retrograde stent placement.

Bladder Injury
Minor injury to the bladder from vigorous retraction and bruis
ing with resultant hematuria is common. More significant

injury, such as a bladder dome laceration, is infrequent but can 
occur on entering the peritoneum, particularly with multiple 
repeat operations. Bladder in jury is also encountered with devel
opment of the bladder flap in cases in which scarring increases 
adherence to the lower anterior uterine wall. This is another 
reason that we do not routinely perform a bladder flap. If the 
bladder is very adherent and is tacked high, it may be advisable 
to proceed with a vertical uterine incision to avoid bladder 
disruption.

Bladder dome lacerations are generally repaired with a 
double-layer closure technique using 2-0 or 3-0 Vicryl suture. 
The mucosa may be avoided with closure, although this is 
not imperative. If any question exists regarding possible trigone 
or ureteral in jury before repair, IV indigo carmine is adminis
tered, and the ureteral orifices are visualized for dye spillage. 
Retrograde filling of the bladder with sterile m ilk may be useful 
following closure to ensure its integrity. Continuous Foley drain
age should be accomplished for several days following repair of 
a bladder injury.

Ureteral Injury
Ureteral injury has been reported to occur in about 1 in 1000 
CDs. The frequency of injury increases with cesarean hysterec
tomy. Most ureteral injuries follow attempts to control bleed
ing from lateral extensions into the broad ligament. As 
described previously, opening the broad ligament before 
suture placement may reduce the risk for this complication. 
If the integrity of the ureter is in doubt, IV indigo carmine can 
be administered, with visualization of spillage in the bladder by 
cystoscope (usually performed by a urologic consultant). The 
ureteral orifices are visualized for dye spillage, which signifies 
ureteral patency. If ureteral in jury is recognized postoperatively, 
cystoscopy with stent placement or nephrostomy with radiologic 
imaging may define the extent of in jury and can help in plan
ning appropriate management.

Gastrointestinal Tract Injury
Bowel injury during CD is rare. Most cases involve incidental 
enterotomy on entering the abdomen for a repeat laparotomy, 
especially if  scissors or a scalpel are used. This is another reason 
why we use blunt dissection with fingers for peritoneal entry. 
Defects in the bowel serosa are closed with interrupted suture 
of fine silk using an atraumatic needle. If the lumen of the small 
bowel is lacerated, closure is accomplished in two layers. A 3-0 
absorbable suture is preferred for the mucosa, followed by inter
rupted silk sutures for the serosa.

Large defects of the small bowel or injuries of the colon gener
ally require consultation with a general surgeon or gynecologic 
oncologist. Small defects may be closed primarily; however, large 
defects with fecal contamination may require a temporary colos
tomy. Broad-spectrum antibiotic coverage is recommended for 
such cases, which must include administration of an aminogly
coside in addition to metronidazole or clindamycin.

Uterine Atony
A more complete review of the management of uterine atony is 
found in Chapter 18. Uterine atony can be controlled in most 
cases by a combination of uterine massage and uterotonic agents. 
IV oxytocin in dosages up to 80 IU/L running wide open is 
attempted initially, i f  this fails to result in uterine contraction, 
either 0.2 mg of methergonovine maleate is administered intra
muscularly or 0.25 mg of 15-methylprostaglandin F2-alpha is
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U re te r-------------------

External iliac artery 

Hypogastric vein 

Hypogastric artery

FIG 19-8 Hypogastric artery ligation. Approach to the hypogastric artery through the peritoneum, parallel and just lateral to the ovarian vessels, 
exposing the interior surface of the posterior layer of the broad ligament. The ureter will be found attached to the medial leaf of the broad liga
ment. The bifurcation of the common iliac artery into its external and internal (hypogastric) branches is exposed by blunt dissection of the loose 
overlying areolar tissues. Identification of these structures is essential. A and B, To avoid traumatizing the underlying hypogastric vein, the 
hypogastric artery is elevated by means of a Babcock clamp before passing an angled clamp to catch a free tie. (Modified from Breen J, Cregori 
CA, Kindierski JA. Hemorrhage in Gynecologic Surgery. Hagerstown, MD: Harper & Row; 1981: 438.)

administered intramuscularly or directly into the myometrium. 
Several successive doses of 15-methylprostaglandin F2-alpha 
every 10 to 15 minutes may be tried (up to 1 mg) if  necessary. 
Most individuals respond to one or two doses. Misoprostol, 
up to 1000 (tg per rectum, can be administered. Packing or use 
of a uterine balloon is also beneficial in these cases if  medical 
management is not fully effective. In most cases of uterine 
atony, medical management is successful if  used promptly and 
correctly.

In the rare cases in which nonsurgical management does 
not control bleeding, a surgical approach should be used. The 
initial surgical approach is bilateral ascending uterine artery 
branch ligation, especially if  future fertility is desired. If this fails, 
hypogastric artery ligation or hysterectomy may be undertaken 
(Fig. 19-8). Hypogastric artery ligation is effective in less than 
50% of cases.

Placenta Previa and Placenta Accreta
The incidence o f placenta previa and placenta accreta has 
increased in frequency with rising CD rates, and in some 
series o f cesarean hysterectomy, placenta accreta is the most 
common indication. The risk for placenta accreta increases with 
each repeat CD and is substantially increased by the presence 
of placenta previa. The management of placenta accreta is pre
sented in Chapter 21. Specific surgical and additional proce
dures have also been described for CD for placenta previa (not 
accreta). A recent study that compared transecting to avoiding 
incision of the anterior placenta previa during CD has found 
that avoiding incision by circumventing the placenta and passing 
a hand around its margin reduces the frequency of maternal

blood transfusion during and after CD .8’ Another technique 
had been described that uses insertion of interrupted circular 
suture at the placental separation site via the lower segment 
uterine incision.84 The vessels are ligated using interrupted 2- to 
3-cm sutures at 1-cm intervals in a circle around the bleeding 
area on the external (serosal) surface of the uterus. The sutures 
are placed as deeply as possible in order to reach the endome
trium, which leads to a marked decrease in intraoperative bleed
ing. Similarly, anteroposterior compressive suture of the lower 
uterine segment has been shown to successfully control the 
bleeding in CD for placenta previa.85 86 The local injection of 
vasopressin into the placental implantation site8 or the use of a 
Bakri balloon88 can also reduce the blood loss without increasing 
the morbidity.

Maternal Mortality
The attributable maternal death rate has ranged from 6 to 22 
per 100,000. In a study of 250,000 deliveries, Lilford and 
colleagues89 reported the relative risk (RR) for maternal death 
from CD, compared with vaginal birth, to be about sevenfold 
higher when preexisting medical conditions were excluded. In 
contrast, Lydon-Rochelle and associates90 noted similar rates of 
maternal death among women delivered by CD versus those 
delivered vaginally when adjusting for maternal age and the 
presence o f severe preeclampsia.

Anesthesia-related morbidity and mortality have been 
substantially reduced through the expanded use of regional 
anesthesia and awake intubation for patients who require gen
eral anesthesia who may have a difficult airway for standard 
intubation.
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438 Section III Intrapartum Care

Maternal Postoperative Morbidity 
Endomyometritis
Postcesarean endomyometritis remains the most common 
complication o f CD. With the use o f appropriate prophylac
tic antibiotics as described previously, its frequency is usually 
less than 5% ,2 11 much reduced from preantibiotic times.
Prolonged labor, rupture of membranes, and lower socioeco
nomic status appear to be the factors that most influence the 
rate of this complication.

Most cases of endomyometritis arise from ascending infection 
from cervicovaginal flora. Infections past the deepest part of the 
uterine incision may extend to the uterine musculature and, if  
not adequately treated, may produce peritonitis, abscess, and 
septic phlebitis. Using antibiotic prophylaxis, pelvic abscesses 
are rare and develop in 0.47% of cases following the diagnosis 
of chorioamnionitis compared with only 0.1% if fever was not 
observed during labor.

The diagnosis o f postpartum endomyometritis is based 
on fever (100.4° F or more) with either fundal tenderness or 
foul-smelling discharge in the absence o f any other source. 
The presence of chorioamnionitis, prolonged labor, and rup
tured membranes should prompt early treatment in suspected 
cases. The utility of endometrial cultures is limited owing to 
contamination with vaginal flora and the fact that therapy is 
rarely guided by these results. Treatment is primarily based on 
clinical findings, including uterine tenderness and fever.

Parenteral antibiotics that use a regimen directed against pos
sible anaerobic infection are the preferred therapeutic agents. 
A regimen o f clindamycin and an aminoglycoside such as 
gentamicin is associated with better safety and efficacy com
pared with other regimens. An alternative is a single-agent 
penicillin-based regimen using (3-lactamase inhibition to allow 
for anaerobic coverage (e.g., ampicillin and sulbactam). These 
antibiotics should be continued for at least 24 hours after the 
patient has defervesced. Once uncomplicated endometritis has 
clinically improved with IV therapy, oral therapy is not needed.

For women who fail to respond to antibiotic therapy over 2 
to 3 days, an alternative source for the fever such as a wound 
infection, deep abscess, hematoma (Fig. 19-9), or septic pelvic

FIG 19-9 Computed tomographic scan of pelvis 6 days after a cesarean 
section showing left-sided broad ligament hematoma (H). The uterus 
(U) is displaced to the right. The patient responded to antibiotics. 
(Courtesy Dr. Michael Blumenfeld, Department of Obstetrics and 
Gynecology, Ohio State University-Columbus.)

thrombophlebitis should be considered. On occasion, mastitis 
may produce significant temperature elevations.

Wound Infection
Wound infection complicates about 1% to 5% o f cesarean 
deliveries. 2 Most CD wounds are considered clean contami
nated owing to the interface with the lower reproductive 
tract. Emergent CDs and those associated with chorioamnio
nitis are considered contaminated and have higher wound 
infection rates. M orbidly obese women have a twofold to four
fold increase in wound infections.93

The diagnosis of wound infection is usually straightforward 
in patients who present with tenderness, erythema, or discharge. 
Early wound infection (first two postoperative days) is often a 
result of streptococcal infection, whereas later wound infection 
is generally caused by overgrowth of Staphylococcus or a mixed 
aerobic-anaerobic infection.

Wound discharge may be sent for culture before instituting 
therapy. The infected portion of the wound should be opened, 
inspected, irrigated, and debrided as necessary. In most cases, 
this alone will suffice for therapy. A wound abscess may require 
drainage (Fig. 19-10). Antibiotic coverage, which is rarely neces
sary for simple wound infections, should be instituted promptly 
for advanced serious wound disruptions. Wound closure once 
the infection has resolved can be accomplished either surgically 
or by secondary intention. Reclosure of disrupted laparotomy 
wounds is safe and is successful in more than 80% of patients,

FIG 19-10 Magnetic resonance image of abdominal wall abscess. This 
patient presented 1 week after a cesarean delivery with fever and an 
abdominal mass. The differential diagnosis included an intraperitoneal 
infection with extension or a wound abscess. This image shows a 
wound abscess (A) above fascia that extended to the abdominal wall 
(.arrow). The abscess responded to drainage and antibiotics.
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Chapter 19 Cesarean Delivery 439

and it decreases healing times compared with healing by second
ary intention.

Extreme wound discoloration, extensive infection, gan
grene, bullae, or anesthesia o f the surrounding tissue 
should prompt consideration o f necrotizing fasciitis, a life- 
threatening surgical emergency that has been reported to 
develop in 1 in 2500 women undergoing primary CD. In 
these cases, the wound should be debrided under general anes
thesia. Examination of histologic specimens may aid in the 
diagnosis of necrotizing infection. In such cases, all nonviable 
tissue should be removed, and consultation with an experienced 
surgeon is recommended. Antibiotic coverage should be insti
tuted promptly.

Thromboembolic Disease
Venous thromboembolism (VTE) occurs more commonly 
during pregnancy secondary to higher levels of clotting factors 
and venous stasis (see Chapter 45), and it is the leading cause 
of maternal death in developed countries. Risk factors are also 
the puerperal period, CD, immobility, obesity, advanced age, 
and parity. The incidence o f DVT was reported at 0.17% , 
and that o f pulmonary embolism (PE) at 0.12% , in women 
undergoing CD.

The diagnosis of DVT is suggested by the presence of unilat
eral leg pain and swelling. A significant difference in the calf or 
thigh diameter may be present; however, error with this mea
surement is possible. The presence of Homans sign, pain with 
foot dorsiflexion, is often observed if  the calf is involved. M any 
cases of DVT present as PE, particularly in the postoperative 
patient. Tachypnea, dyspnea, tachycardia, and pleuritic pain are 
the classic symptoms, with cough and specific pulmonary aus
cultatory findings less common.

If DVT is suggested, Doppler studies may be useful for proxi
mal disease but are less sensitive for calf thrombosis. Impedance 
plethysmography is also helpful in detecting proximal disease 
but it is of lim ited value in the diagnosis of pelvic thrombosis. 
If DVT is highly suspected and previous studies were inconclu
sive, a venogram should be obtained.

The workup for suspected PE includes an arterial blood 
gas and chest film followed by a ventilation-perfusion study or 
spiral computed tomography (CT) study. Oxygen should be 
administered and heparin begun if  a clinical PE appears likely. 
An indeterminate perfusion scan requires pulmonary angiogra
phy to establish or rule out the diagnosis of PE.

Septic Pelvic Thrombophlebitis
Probably less than 1% of women with endomyometritis 
develop septic pelvic thrombophlebitis; however, accurate 
figures for the frequency of this condition in current practice 
are lacking.

Septic pelvic thrombophlebitis is most often a diagnosis 
of exclusion established in refractory cases o f women being 
treated for endomyometritis. A  pelvic CT scan may aid in 
the diagnosis, although the sensitivity and specificity of 
this technique are clearly difficult to establish. In practice, a 
febrile patient who has undergone CD and fails to respond to 
appropriate broad-coverage antibiotic therapy for suspected 
uterine infection for several days, usually more than 5 to 7 days, 
may be started on full-dose heparin therapy. The evidence for 
this practice is very limited. Long-term anticoagulation is not 
prescribed. Patients with septic pelvic phlebitis may present 
with spiking nocturnal fever and chills. However, these findings

may be absent, and a persistent febrile state may be all that 
is present. W hen anticoagulation therapy elicits no response, 
imaging studies that include pelvic CT are indicated to rule out 
an abscess or hematoma.

TUBAL STERILIZATION
The surgical approach to tubal sterilization is influenced by 
whether the procedure is being performed on a postpartum or 
interval basis. Advantages to the postpartum approach include 
the use of one anesthesia for labor, delivery, and sterilization and 
only one hospitalization. Tubal ligations after vaginal delivery 
are performed through a minilaparotomy incision at the level 
of the uterine fundus, usually subumbilically. The same surgical 
techniques are applied if tubal ligation is performed at the 
time of CD.

Modified Pomeroy
The method of tubal occlusion used by Pomeroy was described 
in 1930, and it is the most popular means of postpartum tubal 
ligation because of its simplicity. The Pomeroy technique as 
originally described included grasping the fallopian tube at 
its midportion, creating a small knuckle, and then ligating 
the loop o f tube with a double strand o f catgut suture. It is 
critical that the fallopian tube be conclusively identified. Visual
izing the fimbriated portion of the tube and identifying the 
round ligament as a separate structure can accomplish this. 
Absorbable sutures are used so that the tubal ends will separate 
quickly after surgery, leaving a gap between the proximal and 
distal ends. In performing the procedure, care should be taken 
to make the loop of fallopian tube sufficient in size to ensure 
that complete transection of the tubal lumen will occur. After 
the loop of fallopian tube is ligated, the mesosalpinx of the 
ligated loop should be perforated using scissors, and then the 
knuckle of the tube is transected (Fig. 19-11). It is important 
not to resect the fallopian tube so close to the suture that the 
remaining portion of the fallopian tube slips out of the ligature 
and causes delayed bleeding.

Parkland Procedure
The Parkland procedure was designed to avoid close approxi
mation o f the cut ends o f the fallopian tube accompanying 
the Pomeroy procedure. An avascular segment of midposition

FIG 19-11 Pomeroy sterilization. A knuckle of tube is ligated with 
absorbable suture, and a small segment is excised. Note that the 
ligation is performed at a site that will favor reanastomosis, should 
that become desirable. Some surgeons place an extra tie of nonab
sorbable suture around the proximal stump as added protection 
against recanalization.
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FIG 19-12 Parkland tubal ligation. The avascular mesosalpinx is opened 
by blunt dissection. A 2-cm midsegment of tube is ligated with 0-0 
chromic suture and is divided between the sutures. (Modified from 
Cunningham FG, Leveno KJ, Bloom SL, et al [eds]. Williams Obstet
rics, 22nd ed. New York: McGraw-Hill: 2005.)

mesosalpinx is identified, and a hemostat or coagulation can be 
used to create an opening. The freed fallopian tube is then 
ligated proximally and distally, and the intervening segment is 
excised and submitted for pathologic examination. The proximal 
ligated end of the tube may be left free or can be buried in the 
mesosalpinx (Fig. 19-12).

Irving Procedure
Irving first reported his sterilization technique in 1924 with a 
modification in 1950. In the modified procedure, a window is 
created in the mesosalpinx and the fallopian tube is doubly 
ligated, as in the Parkland procedure. The fallopian tube is then 
transected about 4 cm from the uterotubal portion; the two free 
ends of the ligation stitch on the proximal tubal segment are 
held long. The proximal portion of the fallopian tube is dissected 
free from the mesosalpinx and is then buried into an incision in 
the myometrium of the posterior uterine wall, near the utero
tubal junction. This is accomplished by first creating a tunnel

FIG 19-13 Irving sterilization. The tube is transected 3 to 4 cm from its 
insertion, and a short tunnel is created by means of a sharp-nosed 
hemostat in either the anterior or posterior uterine wall. The cut end 
of the tube can then be buried in the tunnel, and if necessary, it can 
be further secured by an interrupted suture at the opening of the 
tunnel. The distal cut end is buried between the leaves of the broad 
ligament.

about 2 cm in length with a mosquito clamp in the uterine wall. 
The two free ends of the ligation stitch on the proximal tubal 
segment are then brought deep into the myometrial tunnel and 
are brought out through the uterine serosa. Traction is then 
placed on the sutures to draw the proximal tubal stump into the 
myometrial tunnel; tying the free sutures fixes the tube in that 
location. No treatment of the distal tubal stump is necessary, 
but some choose to bury the segment in the mesosalpinx (Fig.
19-13). Although this technique is slightly more complicated 
than the others, it has the lowest failure rate.

Uchida Procedure
In the Uchida sterilization procedure, the muscular portion of 
the fallopian tube is separated from its serosal cover and is 
grasped about 6 to 7 cm from the uterotubal junction. Saline 
solution is injected subserosally, and the serosa is then incised. 
The muscular portion of the fallopian tube is grasped with a 
clamp and divided. The serosa over the proximal tubal segment 
is bluntly dissected toward the uterus, exposing about 5 cm of 
the proximal tubal segment. The tube is then ligated with 
chromic suture near the uterotubal junction, and about 5 cm of 
the tube is resected. The shortened proximal tubal stump is 
allowed to retract into the mesosalpinx. The serosa around the 
opening in the mesosalpinx is sutured in a purse-string fashion 
with a fine absorbable stitch; when the suture is tied, the meso
salpinx is gathered around the distal tubal segment (Fig. 19-14). 
Some surgeons choose to excise only 1 cm o f fallopian 
tube, rather than the recommended 5 cm, in case the patient 
wishes to have a tubal reanastomosis in the future.
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FIG 19-14 Uchida sterilization. The leaves of the broad ligament and peritubal peritoneum are infiltrated with saline so that the tube can be easily 
isolated from these structures, divided (A), and ligated (B). The broad ligament is then closed, and the proximal stump is buried between the 
leaves and includes the distal stump in the line of closure.

KEY POINTS

♦ In 1970, the CD rate was about 5%. By 2008, it had 
reached 32.8% , the highest rate ever recorded in the 
United States. Vaginal birth after cesarean (VBAC) rates 
have plummeted, from a peak of 28.3% in 1996 to 
8.5% in 2008, contributing to the rise in CD. Most 
recently, CD rates have stabilized around 31% to 32% 
in the United States.

♦ Factors that have contributed to the rise in CD during 
the past decades include (1) continued increase in 
primary CDs for dystocia, failed induction, and abnor
mal presentation; (2) an increase in the proportion of 
women with obesity, diabetes mellitus, and multiple 
gestations; (3) increased use of planned CD; and (4) 
lim ited use ofTOLAC after CD because of both safety 
and medicolegal concerns.

♦ Single-dose, preoperative prophylactic antibiotics are of 
clear benefit in reducing the frequency of postcesarean 
endomyometritis and wound infection.

♦ Mechanical prophylaxis with graduated compression 
stockings or a pneumatic compression device during 
and after all cesarean deliveries should be considered.

♦ Horizontal skin incision is preferred because vertical 
skin incision is associated with long-term postoperative 
complications, such as wound dehiscence and abdom
inal incisional hernia, and it is also cosmetically less 
pleasing.

♦ A low transverse uterine incision is preferred for almost 
all CDs.

♦ Blunt uterine extension is associated with decreased 
blood loss and is therefore preferred.

♦ Delayed cord clamping should be done for 30 to 120 
seconds for all infants delivered at less than 37 weeks’ 
gestation.

♦ IV oxytocin, 10 to 80 IU in 1 L crystalloid, should be 
given prophylactically after the baby is delivered in all 
CDs.

♦ Several RCTs have demonstrated greater blood loss and 
a higher rate of endometritis with manual extraction of 
the placenta at CD. Thus spontaneous expulsion of the 
placenta with gentle cord traction is preferred.

♦ The uterine incision can be repaired in a single layer if  
the patient has completed child-bearing, such as a bilat
eral tubal ligation performed concurrently with CD. 
Consider double-layer closure otherwise.

♦ When closing the abdomen after a CD, the subcutane
ous tissue is closed if  its thickness exceeds 2 cm. This 
approach significantly reduces the risk for wound 
disruption.

♦ The skin should be closed with sutures, not staples.
♦ Postcesarean endomyometritis remains the most 

common complication of CD. W ith the use of appro
priate prophylactic antibiotics as described previously, 
its frequency is usually less than 5%.
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VAGINAL BIRTH AFTER CESAREAN DELIVERY 
Trends
In a review of contemporary cesarean delivery practice, Zhang 
and colleagues1 concluded that one of the most important con
tributors to the rising cesarean delivery rate in the United States 
was the decline in vaginal birth after cesarean delivery (VBAC). 
Specifically, after a steady increase in the overall U.S. cesarean 
delivery rate beginning in the early 1960s, a modest decline in 
this rate was observed that reached a nadir of 21% in 1996, 
largely because of an increased rate of allowing a trial of labor 
after cesarean delivery (TOLAC) that was estimated to exceed 
50% (Fig. 20-1). However, by 2006 the TOLAC rate had plum
meted to approximately 15%, and the rate of successful TOLAC 
has also had declined. Given that it has been suggested that 
about two thirds o f women with a prior cesarean delivery are

actually candidates for a TOLAC, most planned repeat oper
ations are influenced by physician discretion and patient 
choice. A comparison of TOLAC rates between the United 
States and several European nations, where TOLAC rates vary 
between 50% and 70%, suggest significant underuse ofTOLAC 
in this country. Given this information and the fact that 10% 
of the obstetric population has had a previous cesarean delivery, 
more widespread use of TOLAC has the potential to decrease 
the overall rate of cesarean delivery.

The evolution in management of the woman with a prior 
cesarean delivery can be traced through several American College 
of Obstetricians and Gynecologists (ACOG) documents and 
key studies over the past 25 years. In 1988, ACOG published 
“Guidelines for Vaginal Delivery after a Previous Cesarean 
Birth,” recommending TOLAC and VBAC as it became clear 
that this procedure was safe and did not appear to be associated 
with excess perinatal morbidity compared with repeat cesarean 
delivery. They recommended that each hospital develop its own 
protocol for the management of VBAC patients and that in the 
absence of a contraindication such as a prior classical incision, 
women who had undergone one prior low transverse cesarean 
section should be counseled and encouraged to attempt labor. 
This recommendation was supported by several large case series 
that attested to the safety and effectiveness of TOLAC. With 
this information, TOLAC rates exceeded 50% in many institu
tions. Some third-party payers and managed care organizations 
began to mandate a TOLAC for women with a prior cesarean 
delivery. Feeling institutional pressure to lower cesarean rates, 
physicians began to offer a TOLAC liberally and likely included 
less-than-optimal candidates. W ith the rise in VBAC experience, 
a number of reports appeared in the literature suggesting a pos
sible increase in uterine rupture and its maternal and fetal con
sequences. Descriptions of uterine rupture with hysterectomy 
and adverse perinatal outcomes, including fetal death and neo
natal brain injury, set the stage for the precipitous decline in 
VBAC rates during the past 20 years.2,3
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FIG 20-1 United States total cesarean delivery rate from 1990 through 
2008 and the primary cesarean delivery and vaginal birth after cesar
ean (VBAC) rates from 1990 through 2004. (Modified from MacDor
man M, DeClercq E, Menacker F. Recent trends and patterns in 
cesarean and vaginal birth after cesarean deliveries in the United 
States. Clin Perinatol. 2011;38:179-192.)

In 1999, ACOG issued a practice bulletin5 acknowledging 
that while the risks of TOLAC were apparently small in magni
tude, clinically significant risks of uterine rupture did exist, 
with poor outcomes for both women and their infants. It was 
also recognized that such adverse events during a TOLAC could 
lead to malpractice suits.4 ACOG thus recommended that 
TOLAC be conducted in settings in which a physician capable 
of performing a cesarean delivery was “immediately available” 
and that institutions be equipped to respond to emergencies 
such as uterine rupture. The language in the 1999 document 
also suggested that instead of “encouraging” TOLAC, women 
with prior low transverse cesarean deliveries should be “offered” 
TOLAC.5 A more conservative approach to TOLAC then 
followed with recognition of the need to reevaluate VBAC 
recommendations.

In the aftermath of the 1999 document, many hospitals began 
to no longer offer planned TOLAC. The role of nonclinical 
factors in the declined utilization of TOLAC has been reviewed 
by Korst and colleagues.6 These authors noted five factors that 
seem to have influenced VBAC rates: (1) recommendations of 
opinion leaders and professional guidelines, (2) hospital facilities 
and cesarean delivery availability, (3) reimbursement, (4) medical 
liability, and (5) patient-level factors. Among patient-level 
factors is the consideration that patients are becoming more risk 
averse and are thus more comfortable with choosing planned 
repeat cesarean delivery. The question remains as to whether 
women are less convinced on their own that VBAC is a reason
able option or whether they are being dissuaded by the health 
care system. Nonetheless, the 2010 ACOG practice bulletin— 
consistent with prior publications— concludes that most women 
with one previous cesarean delivery via a low transverse incision 
are candidates for TOLAC and should be counseled about and 
offered a TOLAC.7

In response to a growing body o f evidence that indicates 
restriction o f a women’s access to TOLAC-VBAC, despite 
two recent large-scale contemporary multicenter studies 
that attest to their relative safety,8, ’ the National Institutes 
of Health (NIH) held a consensus development conference 
concerning VBAC in 2010. The panel at that conference 
concluded that TOLAC is a reasonable birth option for many 
women with a previous cesarean delivery. The panel also

found that existing practice guidelines and the medical lia
bility climate were restricting access to TOLAC-VBAC and 
that these factors need to be addressed.10 A specific concern 
raised was the low level of evidence for the requirement for 
“immediately available” surgical and anesthesia personnel in 
existing guidelines and the need to reassess this recommendation 
with reference to other obstetric complications of comparable 
risk given limited physician and nursing resources.

The ACOG 2010 practice bulletin7 acknowledged a back
ground of lim ited access to TOLAC-VBAC evolving over time 
as well as the recommendation by the NIH panel to facilitate 
access. Although again recommending that TOLAC-VBAC 
be undertaken in facilities with staff immediately available to 
provide emergency care, ACOG recognized that resources for 
immediate cesarean delivery may not be available in smaller 
institutions. In such cases, the decision to offer and pursue 
TOLAC should be carefully considered by patients and their 
health care providers. It was recommended that the best alterna
tive may be to refer patients to a facility with available resources.

Candidates for a Trial of Labor After Cesarean
The optimal candidates for planned TOLAC are those women 
in whom the balance of risks (i.e., as low as possible) and chances 
of success (i.e., as high as possible) are acceptable to the patient 
and health care provider.7 Most women who have had a low 
transverse uterine incision with a prior cesarean delivery and 
have no contraindications to vaginal birth should be considered 
candidates for a TOLAC. The following are selection criteria 
suggested by ACOG for identifying candidates for TOLAC:

• One or two previous low transverse cesarean deliveries
• Clinically adequate pelvis
• No other uterine scars or previous rupture
• Physicians immediately available throughout active labor 

capable of monitoring labor and performing an emergency 
cesarean delivery

It should be noted that these criteria identify women who are 
likely to be reasonable candidates and do not exclude women 
with any other clinical situation from the option of TOLAC. 
For example, several studies indicate that it may be reasonable 
to offer a TOLAC to women with macrosomia, gestation beyond
40 weeks, previous low vertical incision, unknown uterine scar 
type, and twin gestation.8,11'14

Conversely, a TOLAC is contraindicated in women at high 
risk for uterine rupture. A TOLAC should n o t  be attempted 
in the following circumstances:

• Previous classical or T-shaped incision or extensive trans- 
fundal uterine surgery

• Previous uterine rupture
• Medical or obstetric complications that preclude vaginal 

delivery

Success Rates for a Trial of Labor 
After Cesarean
The overall success rate for a population o f women undergo
ing TOLAC appears to be in the 60%  to 80% range, although 
some data suggest this rate may be lower in contemporary 
practice. A cross-sectional analysis study15 that utilized National 
Hospital Discharge Survey information noted that TOLAC 
success rates had fallen from nearly 70% in 2000 to 40% to 
50% by 2009.

Predictors of successful TOLAC are well described.16'24 The 
ability to predict successful TOLAC is important because
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maternal morbidity is lowest among women who achieve VBAC 
and is greatest among women who fail TOLAC and require a 
repeat operation. The prior indication for cesarean delivery 
clearly affects the likelihood of successful TOLAC because 
women with “recurrent” indications (i.e., labor arrest disorders) 
are less likely to achieve VBAC. Also, a history of prior vaginal 
birth is associated with the highest success rates for VBAC (Table
20-1). Several authors have developed models for predicting

TABLE 20-1 SUCCESS RATES FOR TRIAL OF LABOR 
AFTER CESAREAN DELIVERY

VB AC  SUCCESS (%)

Prior Indication
CPD/FTP 63.5
NRFWB 72.6
Malpresentation 83.8
Prior Vaginal Delivery
Yes 86.6
No 60.9
Labor Type
Induction 67.4
Augmented 73.9
Spontaneous 80.6

Modified from Landon MB, Leindecker S, Spong CY, et al. Factors affecting the success 
of trial of labor following prior cesarean delivery. Am J  Obstet Gynecol. 2005; 193:1016. 
CPD, cephalopelvic disproportion; FTP, failure to progress; NRFWB, nonreassuring fetal 
well-being; VBAC, vaginal birth after cesarean.

VBAC (Fig. 20-2). Grobman and colleagues  ̂ developed a 
model based on factors that could be assessed at the first 
prenatal visit. These included the variables o f maternal age, 
body mass index (BMI), race and ethnicity, prior vaginal 
delivery, prior VBAC, and a recurrent indication for the 
cesarean delivery. After development and internal validation 
of the model, it was found to be accurate and discriminating 
and subsequently has been validated in populations other than 
that in which it was developed.26 29 The calculator is available 
online at mfmu.bsc.gwu.edu. Because circumstances at the time 
of admission for delivery may affect the chance of successful 
TOLAC, a second calculator was created to take these factors 
into account and is also available at the maternal-fetal medical 
units (M FMU) site. The additional factors include maternal 
BMI at delivery, cervical status, need for induction, and the 
presence or absence of preeclampsia.30 A simple admission 
model and scoring system for the prediction of VBAC success 
that incorporates cervical status, history of vaginal birth, mater
nal age, prior indication for cesarean delivery, and maternal BMI 
has also been investigated by Metz and colleagues.31

A summary of factors associated with VBAC in the setting of 
TOLAC is summarized in the following sections.

Maternal Demographics
Race, age, BMI, and insurance status have all been demonstrated 
to be associated with the success of TOLAC.16 In a multicenter
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FIG 20-2 Graphic nomogram used to predict probability of vaginal birth after cesarean (VBAC). The nomogram is used by locating each patient 
characteristic and finding the number of points on the uppermost scale to which that characteristic corresponds. The sum of total points predicts 
the probability of VBAC on the lower scale. BMI, body mass index. (Modified from Grobman WA, Lai Y, Landon MB, et al, for the National 
Institute of Child Health and Human Development [NICHD] Maternal Fetal Medicine Units Network [MFMU], Development of a nomogram for 
prediction of vaginal birth after cesarean delivery. Obstet Gynecol. 2007;109:806-812.)
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Chapter 20 Vaginal Birth After Cesarean Delivery 447

study of 14,529 term pregnancies in which TOLAC was 
attempted, white women had a 78% success rate, compared 
with 70% in nonwhite wom en.16 Obese women are more likely 
to fail a TOLAC, as are women older than 40 years.16 Conflict
ing data exist with regard to payer status.32

Prior Indication for Cesarean Delivery
Success rates for women whose first cesarean delivery was per
formed for a nonrecurring indication (breech, nonreassuring 
fetal well-being) are similar to vaginal delivery rates for nullipa
rous women. Prior cesarean delivery for a breech presentation is 
associated with a reported success rate of 89% .16 In contrast, 
prior cesarean delivery for cephalopelvic disproportion 
(CPD) or failure to progress (FTP) has been associated with 
success rates that range from 50% to 67%.

Prior Vaginal Delivery
Prior vaginal delivery, including prior VBAC, is one of the great
est predictors for successful TOLAC. In one series,16 women 
with a prior vaginal delivery had an 87%  TOLAC success 
rate, compared with a 61%  success rate in women without a 
prior vaginal delivery. Caughey and colleagues17 reported that 
for patients with a prior VBAC, the success rate was 93%, com
pared with 85% in women with a vaginal delivery before their 
cesarean birth but who had not had a successful VBAC. Mercer 
and colleagues18 noted that the success rate increased from 
87.6% with one prior vaginal delivery to 90.0%  in those with 
two prior successful attempts.

Birthweight
Increased birthweight is associated with a lower likelihood of a 
successful VBAC.11,19 Birthweight greater than 4000 g in par
ticular is associated with a higher risk for failed VBAC.'
Although some report success rates below 50%, others have 
documented that as many as 60% to 70% of women who 
attempt VBAC with a macrosomic fetus are successful. Peace- 
man and colleagues20 reported a 34% success rate when the 
second pregnancy birthweight exceeded the first by 500 g and 
the prior indication was dystocia, compared with a 64% success 
rate with other prior indications. It should be noted that 
although birthweight has been associated with the success of 
VBAC, this factor cannot be known with precision prior to 
undertaking TOLAC, and it has not been demonstrated to what 
degree estimated fetal weight is associated with VBAC.

Labor Status and Cervical Examinations
Both labor status and cervical examination on admission influ
ence the success of a TOLAC. Flamm and Geiger21 reported an 
86% success rate in women who presented in labor with 
cervical dilation greater than 4 cm. Conversely, the VBAC 
success rate dropped to 67%  if  the cervix was dilated less 
than 4 cm on admission.

Not surprisingly, women who undergo induction of labor are 
at higher risk for repeat cesarean delivery compared with those 
who enter spontaneous labor.16,22 Data from the National Insti
tute of Child Health and Human Development (NICHD) 
M FM U Cesarean Registry demonstrated a 67.4%  success rate 
in women who underwent induction versus 80.5%  in those 
who underwent spontaneous labor.~ In a study of 429 women 
undergoing induction with a prior cesarean delivery, Grinstead 
and Grobman23 reported an overall 78% success rate. These 
authors noted several factors related to the labor induction as

TABLE 20-2 SUCCESS RATES FOR TRIAL 
OF LABOR AFTER TWO PRIOR

___________ CESAREAN DELIVERIES________________

STUDY SUBJECTS (Afl SUCCESS RATE (%)

Miller et al42 2936 75.3
Caughey et al43 134 62.0
Macones et al34 1082 74.6
Landon et al45 876 67.0

determinants of VBAC success, including indication for induc
tion and the need for cervical ripening. Grobman and col
leagues22 have also reported a VBAC success rate of 83% in 1208 
women with a prior cesarean delivery and prior vaginal delivery 
undergoing induction of labor.

Previous or Unknown Incision Type
Previous incision type cannot be ascertained in certain patients. 
Nevertheless, it appears that women whose previous incision 
type is unknown have VBAC success rates similar to those of 
women with documented prior low transverse incisions.1'’ 
Similarly, women with previous low vertical incisions do not 
appear to have lower VBAC success ra te s .1

Multiple Prior Cesarean Deliveries
Women with more than one prior cesarean delivery have been 
demonstrated to have a lower likelihood of achieving VBAC 
(Table 20-2). Caughey and colleagues17 reported a 75% success 
rate for women with one prior cesarean delivery compared with 
62% in women with two prior operations. In contrast, a larger 
multicenter study34 of 13,617 women undergoing a TOLAC 
revealed a 75.5%  success rate for women with two prior cesarean 
deliveries, which was not statistically different from the 75% 
success rate in women with one prior operation.

Postterm Pregnancy
TOLAC success rates may be lower for women at or beyond 40 
weeks of gestation when compared with those who have yet to 
reach 40 weeks. Nevertheless, the chance of success for women 
who are at or beyond 40 weeks of gestation has been demon
strated to be approximately 70% ,12 and a gestational age beyond 
a woman’s due date should not preclude TOLAC.

Twin Gestation
Two large-scale contemporary studies9,16 of women attempting 
VBAC indicate that success rates for women undergoingTOLAC 
with twins are not different than for those with singleton 
gestations.

RISKS ASSOCIATED WITH A TRIAL 
OF LABOR AFTER CESAREAN  
Uterine Rupture
The principal risk associated with TOLAC is uterine rupture. 
This complication is directly attributable to TOLAC because 
symptomatic rupture is rarely observed in planned repeat opera
tions.8,35'39 It is important to differentiate between u ter in e  
ru p tu re  and u te r in e  sca r d eh iscen ce. This distinction is clini
cally relevant because dehiscence most often represents an 
occult scar separation observed at laparotomy in women with 
a prior cesarean delivery. W ith uterine dehiscence, the serosa 
of the uterus is intact and hemorrhage, with its potential for
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TABLE 20-3 RISK FOR UTERINE RUPTURE BASED 
ON INCISION TYPE

PRIOR INCISION TYPE RUPTURE RATE (%)

Low transverse 0.5-1.0
Low vertical 0.8-1.1
Classic or T shaped 4-9

fetal and maternal sequelae, is absent. In contrast, uterine 
rupture is a through-and-through disruption of all uterine layers, 
with potential consequences of nonreassuring fetal status and 
perinatal mortality along with severe maternal morbidity, hem
orrhage, and mortality. Terminology, definitions, and ascertain
ment for uterine rupture vary significantly in the existing VBAC 
literature.37 A review38 of four observational studies reported the 
risks of symptomatic uterine rupture in the TOLAC group and 
elective repeat cesarean group to be 0.47% (95% confidence 
interval [C l], 0.28% to 0.77%) and 0.026% (95% C l, 0.009% 
to 0.082% ), respectively. The large multicenter MFMU Net
work Study8 reported a 0.69%  frequency o f uterine rupture, 
with 124 symptomatic ruptures occurring in 17,898 women 
undergoing TOLAC.

The rate of uterine rupture depends both on the type and 
location of the previous uterine incision (Table 20-3). Uterine 
rupture rates are highest with a previous classical or T-shaped 
incision, with a range reported between 4% and 9%. The risk 
for rupture with a previous low vertical incision has been diffi
cult to estimate owing to imprecision with the diagnosis and 
the uncommon use of this incision type. Naif and colleagues40 
reported a 1.1% risk for rupture in 174 women with a prior low 
vertical scar undergoing TOLAC, whereas Shipp and associates41 
reported a 0.8% (3 of 377) risk for rupture with a prior low 
vertical incision. On the basis of these two studies, the authors 
concluded that women with a prior low vertical uterine inci
sion are not at significantly increased risk for rupture com
pared with women with a prior low transverse incision.

Women with an unknown incision type do not appear to 
be at increased risk for uterine rupture. Among 3206 women 
with an unknown scar in the M FM U Network Cesarean Regis
try, uterine rupture occurred in 0.5% of women undergoing 
TOLAC.13 Nevertheless, this frequency is a reflection of the fact 
that in a contemporary setting, most women with unknown 
scars will have had a prior low transverse incision. In counseling 
women with an unknown scar, the physician should attempt 
to understand whether a prior cesarean delivery had been 
performed under circumstances in which it was more likely 
that a different type o f incision had been used. For example, 
a history of preterm cesarean delivery should warrant caution, 
especially in the setting of malpresentation, because the incision 
may have involved an undeveloped muscular portion of the 
uterus, or it may have been a classical incision. For these reasons, 
if  the clinician suspects that the prior delivery occurred under 
circumstances in which an incision that extended into the mus
cular portion of the uterus was used, we generally proceed with 
repeat cesarean delivery.

The most serious sequelae of uterine rupture include perinatal 
death, hypoxic-ischemic encephalopathy (HIE), and hysterec
tomy. Citing six perinatal deaths in 74 uterine ruptures among
11 studies, Guise and colleagues38 calculated 0.14 additional 
perinatal deaths per 1000 TOLACs. This figure is remarkably 
similar to that from the NICHD M FM U Network study by 
Landon and colleagues,8 in which there were two neonatal

TABLE 20-4 RISK FOR PERINATAL DEATH RELATED 
TO UTERINE RUPTURE

PERINATAL DEATHS/
STUDY RUPTURES WITH TOLAC

Guise et al38 (pooled data) 74 0.14/1000
Landon et al8 123 0.11/1000
Chauhaun et al39 (pooled data) 880 0.40/1000

TOLAC, trial of labor after cesarean delivery.

TABLE 20-5 PERINATAL OUTCOMES AFTER UTERINE
RUPTURE IN TERM PREGNANCIES

TERM PREGNANCIES WITH
OUTCOME UTERINE RUPTURE (N  = 114)

Intrapartum stillbirth 0
Hypoxic-ischemic encephalopathy 7 (6.1%)
Neonatal death 2 (1.8%)
Admission to the neonatal 46 (40.4%)

intensive care unit
Five-minute Apgar score <5 16 (14.0%)
Umbilical artery blood pH <7.0 23 (20.2%)

Modified from Landon MB, Hauth JC , Leveno KJ, et al, for the National Institute 
of Child Health and Human Development Maternal-Fetal Medicine Units Network: 
Maternal and perinatal outcomes associated with a trial of labor after prior cesarean 
section. N  Engl J  M ed  2004;351:2581.

deaths among 124 ruptures, for an overall rate o f rupture- 
related perinatal death o f 0 .11 per 1000 TOLACs. An all- 
inclusive review39 of 880 maternal uterine ruptures in studies of 
varying quality during a 20-year period showed a rate of 0.4 per 
1000 (Table 20-4).

Perinatal hypoxic brain in jury is another recognized adverse 
outcome related to uterine rupture. However, estimates of the 
frequency of perinatal “asphyxia” have varied in the literature 
because it has been inconsistently defined in TOLAC studies, 
and variables such as cord blood gas levels and Apgar scores are 
reported in only a fraction of cases. Landon and colleagues8 
found a significant increase in the rate of HIE related to uterine 
rupture among the offspring of women who underwent a 
TOLAC at term compared with the children of women who 
underwent a planned repeat cesarean delivery (0.46 per 1000 vs.
0 cases, respectively). In this study o f 1 14  cases o f uterine 
rupture at term, seven infants (6.1%) sustained HIE, and two 
o f these infants died in the neonatal period (Table 20-5).

Maternal hysterectomy also may be a complication of uterine 
rupture if  the defect cannot be repaired or is associated with 
uncontrollable hemorrhage. In five studies37 that reported on 
hysterectomies related to rupture, seven cases occurred in 60 
symptomatic ruptures (13%; range, 4% to 27% ), indicating that 
3.4 per 10,000 women electing a TOLAC sustain a rupture that 
necessitates hysterectomy. Five of 124 women (4%) included in 
the NICHD M FM U Network study8 experienced hysterectomy 
following rupture. However, hysterectomy also can occur in the 
setting of a planned repeat cesarean, and some evidence suggests 
that it is no more likely during a TOLAC than during a planned 
repeat cesarean delivery. Guise and colleagues,38 for example, 
reported that the risk for hysterectomy in women attempting 
TOLAC was not significantly different than that in those under
going planned repeat cesareans.

Risk Factors for Uterine Rupture
Rates o f uterine rupture vary significantly depending on a 
variety o f associated risk factors. In addition to the type of
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Chapter 20 Vaginal Birth After Cesarean Delivery 449

uterine scar, characteristics o f the obstetric history that 
include the number o f prior cesarean and vaginal deliveries, 
the interdelivery interval, and the uterine closure technique 
have been reported to be associated with the risk for uterine 
rupture. Similarly, factors related to labor management, includ
ing induction and the use of oxytocin augmentation, have been 
studied.

Number of Prior Cesarean Deliveries
In a large single-center study of more than 1000 women with 
multiple prior cesarean deliveries undergoing TOLAC, Miller 
and colleagues42 reported uterine rupture in 1.7% of women 
with two or more previous cesarean deliveries compared with 
0.6% in those with one prior cesarean (odds ratio [OR], 3.06; 
95% C l, 1.95 to 4.79). Interestingly, the risk for uterine rupture 
was not increased further for women with three prior cesarean 
deliveries. Caughey and colleagues43 conducted a smaller study 
of 134 women with two prior cesarean deliveries and controlled 
for labor characteristics as well as obstetric history. These authors 
reported a rate of uterine rupture of 3.7% among these 134 
women, compared with 0.8% in the 3757 women with one 
previous scar (OR, 4.5; 95% C l, 1.18 to 11.5). Macones and 
colleagues3’ reported a rate of uterine rupture of 1.8% (20 of 
1082) in women with two prior cesarean deliveries compared 
with 0.9% (113 of 12,535) in women with one prior operation 
(adjusted OR, 2.3; 95% C l, 1.37 to 3.85). A meta-analysis also 
suggested a nearly threefold increased risk for uterine rupture 
with two previous cesarean deliveries (1.59% vs. 0.72% ).44 In 
contrast, the analysis of Landon and colleagues45 from the 
MFMU Network Cesarean Registry found no significant differ
ence in rupture rates in women with one prior cesarean (115 of 
16,916 [0.7%]) versus multiple prior cesareans (9 of 975 
[0.9%]). It thus appears that even i f  having had more than 
one prior cesarean section is associated with an increased risk 
for uterine rupture, the magnitude o f any additional risk is 
fairly small (Table 20-6). ACOG considers it reasonable to 
offer TOLAC to women with more than one prior cesarean 
delivery and to counsel such women based on the combina
tion o f other factors that affect their probability o f achieving 
a successful VBAC.

Prior Vaginal Delivery
Prior vaginal delivery, either before or after a prior cesarean 
delivery, appears to be highly protective against uterine 
rupture in the setting o f TOLAC. In a study of 3783 women 
undergoing a TOLAC, Zelop and colleagues46 noted that the

TABLE 20-6 RISK FOR UTERINE RUPTURE FOLLOWING 
____________ MULTIPLE PRIOR CESAREAN DELIVERIES

RUPTURE RATE

STUDY N
SINGLE 
PRIOR (%)

MULTIPLE 
PRIOR <%) RR (Cl)

Miller et al42 3728 0.6 1.7 3.1 (1.9-4.8)
Caughey 134 0.8 3.7 4.5 (1.2-11.5)

et al43
Macones 1082 0.9 1.8 2.3 (1.4-3.9)

et al34
Landon et al45 975 0.7 0.9 1.4 (0.7-2.7)

Cl, confidence interval; N, number of women with multiple prior cesarean sections 
attempting vaginal birth after cesarean; RR, relative risk.

rate of uterine rupture among women with a prior vaginal birth 
was 0.2% (2 of 1021), compared with 1.1% (30 of 2762) among 
women with no prior vaginal deliveries. After controlling for 
demographic differences and labor characteristics, women who 
had one or more vaginal deliveries had a rate of uterine rupture 
that was one fifth that of women who did not have a prior 
vaginal birth (adjusted OR, 0.2; 95% C l, 0.04 to 0.8). A similar 
protective effect of prior vaginal birth has been reported in two 
large multicenter studies.8,9

Uterine Closure Technique
Over the past 20 years, the single-layer closure technique has 
gained popularity because it has appeared to be associated with 
shorter operating time and comparable short-term complica
tions compared with the traditional two-layer technique. In a 
randomized trial, Chapman and colleagues'17 compared the fre
quency of uterine rupture in 145 women who received either 
one- or two-layer closure at their primary cesarean delivery. Fol
lowing TOLAC, no cases of uterine rupture were found in either 
group; however, the study was underpowered to detect a poten
tial difference. A larger observational study48 identified an 
approximately fourfold increased rate (3.1% vs. 0.5%) of rupture 
following a single-closure technique when compared with a pre
vious double-layer closure. In a 2010 case-control study,49 the 
same group suggested an increased risk for uterine rupture in 
women with a history of a single-layer closure (OR, 2.69; 95% 
C l, 1.57 to 5.28) compared with a two-layer closure. Further, 
single-layer uterine closure was the only significant variable asso
ciated with adverse neonatal outcome, yet it has been postulated 
that single-layer closure may have been used in some cases when 
the lower uterine segment was thin and not amenable to a two- 
layer closure or that other aspects of the closure, such as suture 
type or locking technique, may be confounding the apparent 
association. Indeed, in another study by Durnwald and Mercer,50 
no association between the number of layers closed and uterine 
rupture was found. Thus it remains unclear whether the single
layer closure technique increases the risk for rupture.

Interpregnancy Interval
Several studies have addressed whether TOLAC after a short 
interpregnancy interval may be associated with an increased risk 
for uterine rupture. Shipp and colleagues’ 1 reported an incidence 
of rupture of 2.3% (7 of 311) in women with an interdelivery 
interval less than 18 months compared with 1.1% (22 of 2098) 
with a longer interdelivery interval. After controlling for demo
graphic characteristics and oxytocin use, women with a shorter 
interpregnancy interval were three times more likely to experi
ence uterine rupture. Using a multivariable approach, Bujold 
and associates52 reported an interdelivery interval of less than 24 
months to be associated with an almost threefold increased risk 
for uterine rupture. In their study, the rate of rupture was 2.8% 
in women with a short interval versus 0.9% in women when it 
had been more than 2 years since the prior cesarean birth. Yet 
in a study of 1185 women undergoing a TOLAC, Huang and 
colleagues53 found no increased risk for uterine rupture with an 
interdelivery interval of less than 18 months.

Induction of Labor
Induction of labor may be associated with an increased risk for 
uterine rupture when compared with spontaneous labor.54,55 
In a population-based cohort analysis, Lydon-Rochelle and 
colleagues11 reported a rate o f uterine rupture o f 24 o f 2326
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(1.0%) for women undergoing induction compared with 56 
o f 10,789 (0.5%) in women who had spontaneous onset of 
labor. Landon and colleagues8 noted the risk for uterine 
rupture to be elevated nearly threefold (OR, 2.86; 95% C l, 
1.75 to 4.67), although the attributable risk o f rupture related 
to labor induction was relatively small (1.0%  vs. 0.4%). In 
an analysis22 from this study o f women (n = 11,778), those 
with only one prior low transverse cesarean delivery showed 
an increase in uterine rupture in those undergoing induction 
who had no prior vaginal delivery but did not reveal any 
increased risk o f uterine rupture with labor induction among 
women who had a TOLAC with a history o f prior vaginal 
delivery. In this study, the need for cervical ripening did not 
appear to affect the frequency o f uterine rupture. Conversely, 
in another investigation,w om en with a favorable cervix 
undergoing induction had a similar risk for uterine rupture 
as women entering labor spontaneously, whereas those 
being induced with an unfavorable cervix had a fourfold 
increased risk o f uterine rupture. Despite these analyses, it 
remains unclear whether induction increases the risk for 
uterine rupture in comparison to expectant management—  
the clinical alternative for women who desire a TOLAC. 
Based on the cumulative data, ACOG considers induction of 
labor for maternal or fetal indications to be an option for women 
undergoing TOLAC.

Conflicting data have also been reported concerning 
whether various induction methods increase the risk for uter
ine rupture (Table 20-7). The study of Lydon-Rochelle and 
colleagues54 suggests an increased risk for uterine rupture with 
the use of prostaglandins for labor induction. Uterine rupture 
was noted in 15 of I960 women (0.8%) induced without pros
taglandins, compared with 9 of 366 women (2.5%) induced 
with prostaglandin. Unfortunately these authors could not de
termine which specific prostaglandin agent was used. In the 
study of Dekker and associates,55 the risk for rupture with oxy
tocin alone was 0.54% compared with 0.68%  with prostaglan
dins and 0.88% when the combined agents were used.

Neither Landon’s group8 nor that of Macones9 confirmed the 
findings of Lydon-Rochelle and colleagues^ of an increased risk 
for rupture associated with the use of prostaglandin agents alone 
for induction. Macones and colleagues ’ did report an increased 
risk for rupture in women undergoing induction but only if they 
received both prostaglandins and  oxytocin, and the methodol- 
ogy in this study allowed the authors to distinguish between 
induction methods. Interestingly in the M FM U Network study 
of Landon and associates,8 no cases of uterine rupture were 
reported when prostaglandin alone was used for induction, 
including 52 cases in which misoprostol was used. Nevertheless, 
the safety of this medication, which is popular for cervical

TABLE 20-7 RISK FOR UTERINE RUPTURE AFTER
LABOR INDUCTION_________________

STUDY

All inductions 
Spontaneous 
Prostaglandins 
Prostaglandin 

and oxytocin

LYDON- 
ROCHELLE 
ET AL54

24/2326 (1.0) 
56/10,789 (0.5) 

9/366 (2.5)

LANDON 
ET AL8

48/4708 (1.0) 
24/6685 (0.4) 

0/227 (0.0) 
13/926 (1.4)

DEKKER 
ET AL55

16/1867 (0.9) 
16/8221 (0.2) 

4/586 (0.7) 
4/226 (1.8)

ripening and labor induction (see Chapter 13), has been chal
lenged for women attempting VBAC. Plaut and colleagues32 
reported a uterine rupture rate of 5.6% (5 of 89) in women who 
received misoprostol for labor induction. However, as in other 
series, it is unclear whether these women received oxytocin as 
well. The timing (delay) of uterine rupture in relation to miso
prostol administration also calls into question cause and effect. 
Following several case reports of uterine rupture with misopro
stol use, W ing and colleagues33 conducted a randomized trial of 
intravaginal misoprostol versus oxytocin in women attempting 
VBAC in which 17 women received misoprostol and 21 women 
received oxytocin. The study was stopped prematurely because 
two emergency cesarean deliveries were performed with uterine 
disruption in patients who received misoprostol.

Unfortunately, many VBAC studies fail to specify the prosta
glandin used for labor induction. In the largest report of women 
who received prostaglandins for labor induction attempting 
VBAC, Smith and colleagues57 reported a 0.87% risk for uterine 
rupture among 4475 women who received unspecified prosta
glandins, compared with 0.29%  in 4429 women who did not 
receive this class of medication. Although the relative risk associ
ated with prostaglandin use was elevated, the absolute risk 
increase for rupture was low. At present, based on the limited 
data that do exist, ACOG suggests that misoprostol (prosta
glandin E,) not be used for third-trimester cervical ripening 
or labor induction in women who have had a cesarean deliv
ery and that sequential use o f prostaglandin E2 and oxytocin 
be avoided in women undergoing TOLAC. This recom
mendation has thus limited the induction options for women 
undergoing TOLAC and in need of cervical ripening, primarily 
in regard to oxytocin or mechanical methods with or without 
oxytocin. Small studies58 of women with prior cesarean delivery 
undergoing induction with a transcervical Foley catheter suggest 
that uterine rupture rates are similar to those of women entering 
spontaneous labor attempting VBAC.

Labor Augmentation
Data conflict as to whether oxytocin used for labor augmen
tation during TOLAC in contemporary obstetric practice 
is associated with an increased risk o f uterine rupture. In a
case-control study, Leung and colleagues59 reported an OR of 
2.7 for uterine rupture in women who received oxytocin aug
mentation. However, it is possible that the dysfunctional labor 
may be the risk factor responsible for rupture. In contrast to the 
data of Leung and associates, Zelop and others60 found that 
labor augmentation with oxytocin did not significantly increase 
the risk for rupture. Cahill and colleagues1’1 reported a dose- 
response relationship between maximal oxytocin dose and 
the risk for rupture among women who attempt TOLAC. A 
limitation of this report is that it includes both women undergo
ing induction and those receiving oxytocin augmentation. At 
their maximal dose of oxytocin (>20 mU/min), these authors 
noted the risk for uterine rupture to be 2.07%. From these data, 
it appears that oxytocin may be used in women undergoing 
TOLAC, although higher infusion rates should be used with 
caution.

Sonographic Evaluation of the Uterine Scar
To better identify women at risk for uterine rupture undergoing 
TOLAC, the thickness of the lower uterine segment (LUS) prior 
to labor has been assessed with ultrasound. Ultrasound mea
surement of the thickness of residual myometrium in the LUS
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TABLE 20-8 COMPARISON OF MATERNAL COMPLICATIONS IN A TRIAL OF LABOR AFTER CESAREAN VERSUS 
PLANNED REPEAT CESAREAN DELIVERY

COMPLICATION

Uterine rupture
Hysterectomy
Thromboembolic disease
Transfusion
Endometritis
Maternal death
One or more of the above

TRIAL OF LABOR (A/= 17,898)

124 (0.7%)
41 (0.2%)

7 (0.04%)
304 (1.7%)
517 (2.9%)

3 (0.02%)
978 (5.5%)

PLANNED REPEAT 
CESAREAN «V = 15,801)

0
47 (0.3%)
10 (0.1%)

158 (1.0%)
285 (1.8%)

7 (0.04%)
563 (3.6%)

ODDS RATIO (98% Cl)

0.77 (0.51-1.17)
0.62 (0.24-1.62)
1.71 (1.41-2.08)
1.62 (1.40-1.87)
0.38 (1.10-1.46)
1.56 (1.41-1.74)

Modified from Landon MB, Hauth JC , Leveno KJ, et al, for the National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Maternal and 
perinatal outcomes associated with a trial of labor after prior cesarean section. N  E ngl J  M ed. 2004;351:2581.
Cl, confidence interval.

TABLE 20-9 MATERNAL COMPLICATIONS ACCORDING TO THE OUTCOME OF A TRIAL OF LABOR AFTER 
____________CESAREAN DELIVERY__________________________________________________________________

FAILED VAG INAL SUCCESSFUL VAGINAL
COMPLICATION DELIVERY (A/ = 4759) (%) DELIVERY (fl/=  13,139) (%) ODDS RATIO (95% Cl) P VALUE

Uterine rupture 110 (2.3) 14 (0.1) 22.18 (12.70-38.72) <.001
Uterine dehiscence 100 (2.1) 19 (0.1) 14.82 (9.06-24.23) <.001
Hysterectomy 22 (0.5) 19 (0.1) 3.21 (1.73-5.93) <.001
Thromboembolic disease* 4 (0.1) 3 (0.02) 3.69 (0.83-16.51) <.09
Transfusion 152 (3.2) 152 (1.2) 2.82 (2.25-3.54) <.001
Endometritis 365 (7.7) 152 (1.2) 7.10 (5.86-8.60) <.001
Maternal death 2 (0.04) 1 (0.01) 5.52 (0.50-60.92) <•17
Other adverse events1 63 (1.3) 1 (0.01) 176.24 (24.44-127.05) <.001
One or more of the above 669 (14.1) 309 (2.4) 6.81 (5.93-7.83) <.001

Modified from Landon MB, Hauth JC , Leveno KJ, et al, for the National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Maternal and 
perinatal outcomes associated with a trial of labor after prior cesarean section. N  Engl J  Med. 2004;351:2581.
*Thromboembolic disease includes deep venous thrombosis or pulmonary embolism.
Other adverse events include broad ligament hematoma, cystotomy, bowel injury, and ureteral injury.
Cl, confidence interval.

has been assessed, as has the width, depth, and length of the 
hypoechoic interface at the site of the prior cesarean delivery.62 
However, these measurements may change with gestational age, 
and at present, there appears to be no value for any measurement 
that performs well enough for use in clinical practice to predict 
the integrity of the uterine scar during labor. In one systematic 
review63 of 21 studies of the use of sonographic LUS thickness 
to predict the risk of a uterine scar defect during a TOLAC, no 
ideal cutoff value for use in clinical practice could be found.

Other Risks Associated With a Trial 
of Labor After Cesarean Delivery
In the absence of randomized controlled trials, the observa
tional data that exist to inform women and health care providers 
about the variety of adverse outcomes that may be associated 
with a TOLAC, compared with a planned repeat cesarean deliv
ery, do not provide certainty with regard to these risks because 
there may be a lack of comparability between women under
going a TOLAC and those having a planned repeat cesarean 
delivery.36-38

Based on the data, it has been generally accepted that vaginal 
delivery is associated with lower morbidity and mortality than 
cesarean delivery. Landon and colleagues8 found an increased 
risk for both postpartum endometritis and blood transfusion in 
women undergoing a TOLAC compared with those undergoing 
planned repeat cesarean delivery without labor (Table 20-8). 
However, the exclusion of women who presented in early labor, 
who subsequently underwent a repeat operation that had been 
intended, may have lowered the risk for complications in the

planned repeat cesarean group. Gilbert and colleagues64 attempt
ed to produce a more m inimally biased cohort by performing 
propensity analysis to determine more precisely the comparative 
risks of spontaneous labor and planned cesarean delivery. They 
found that the rates of endometritis and operative injury were 
lower and the rates of hysterectomy and wound complication 
were higher among women who underwent a planned repeat 
cesarean delivery.

It should be noted that these comparisons are for entire popu
lations of women and may not hold for a given individual. It 
is well accepted that most of the excess adverse events that 
accompany a TOLAC are attributable to the group of women 
who require a repeat cesarean operation in labor (Table 20-9).65 
Thus when considering the balance of risks between TOLAC 
and planned repeat cesarean delivery, it is important to consider 
the chance that a woman who is undertaking a TOLAC will 
achieve a vaginal birth. In one analysis, if  a woman undergoing 
a TOLAC had a greater than 60% to 70% chance of VBAC, 
her chance of having major or minor morbidity was no greater 
than that of a woman undergoing a planned repeat cesarean 
delivery.66

An increased risk for maternal mortality in the context of 
cesarean delivery in general has been extrapolated to women 
undergoing a planned repeat operation versus a planned TOLAC, 
although the data to support this association are limited. Guise 
and colleagues38 evaluated 24 maternal deaths among 402,833 
patients with prior a cesarean delivery and noted that the overall 
risk for maternal death associated with TOLAC was significantly 
lower (RR, 0.33; 95% C l, 0.13 to 0.88) than with a repeat
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operation. Nevertheless, the infrequency of maternal death, con
founding variables such as maternal disease, and the classifica
tion of a planned or unplanned procedure complicate mortality 
estimates and comparisons. Maternal death attributable to 
uterine rupture is exceedingly rare, and in the population of 
the MFMU Cesarean Registry, maternal death was not sig
nificantly more common with planned repeat cesarean deliv
ery.8 However, the study was not powered to detect a difference 
between this group and women attempting a TOLAC.

Management of a Trial of Labor 
after Cesarean
The optimal management of labor in women undergoing a 
TOLAC is based not on randomized trials but primarily on 
opinion. Women attempting VBAC should be encouraged to 
contact their health care provider promptly when labor begins 
or rupture of the membranes occurs. Continuous electronic fetal 
monitoring is recommended, although the need for routine 
internal monitoring with fetal scalp or intrauterine pressure 
catheters has not been established. Studies that have examined 
fetal heart rate (FHR) patterns before uterine rupture con
sistently report that nonreassuring signs, particularly pro
longed decelerations or bradycardia, are the most common 
finding accompanying uterine rupture.1’ ’s

Uterine rupture can be catastrophic, sudden, and unpredict
able.69 Personnel who care for women undergoing TOLAC 
should be familiar with electronic FHR patterns that may be 
associated with uterine rupture as well as the potential need for 
emergent delivery Despite the presence of adequate personnel 
to conduct an emergency cesarean delivery, prompt and appro
priate intervention does not always prevent fetal neurologic 
injury or death (Fig. 20-3).70 In the study of Leung and col
leagues,67 significant neonatal morbidity occurred when 18 
minutes or longer elapsed between the onset of FHR decelera
tion and delivery. In contrast to Leung’s findings, Bujold and 
Gauthier70 reported that fewer than 18 minutes elapsed between 
prolonged decelerations and delivery in two of three neonates 
diagnosed with HIE in 23 cases of uterine rupture.

Epidural analgesia is not contraindicated in the setting of 
TOLAC and does not appear to affect success rates.16 Epidural 
analgesia also does not mask the signs and symptoms of uterine 
rupture. In fact, women may manifest evidence of abdominal 
pain and may respond by attempting to have their epidural 
dosed more frequently when a uterine rupture occurs.'1 As has 
been discussed previously, neither oxytocin induction nor aug
mentation is contraindicated, and it is reasonable when indi
cated to consider modest doses of oxytocin.

Performance of the vaginal delivery itself is not altered by 
a history of prior cesarean birth. Most obstetricians do not 
routinely explore the uterus to detect asymptomatic scar dehis
cences. However, excessive vaginal bleeding or maternal hypo
tension should be promptly evaluated, which includes assessment 
for possible uterine rupture. O f 124 cases of uterine rupture 
accompanying 17,898 trials of labor, 14 (11%) were identified 
following vaginal delivery.8

Counseling for a Trial of Labor After Cesarean
Because uterine rupture may be a catastrophic event, ACOG 
continues to recommend that it is optimal to attempt TOLAC 
in institutions equipped to respond to emergencies with phy
sicians immediately available to provide emergency care, and they 
recognize that referral may be appropriate if  a facility has inad
equate resources to offer TOLAC.7 ACOG further recommends

BOX 20-1 RISKS ASSOCIATED WITH TRIAL OF LABOR 
AFTER CESAREAN DELIVERY

Uterine Rupture and Related M orbid ity

Uterine rup tu re  (0.5-1.0/100)
Perinatal death and/or encephalopathy (0.5/1000) 
H ysterectom y (0.3/1000)

Increased Maternal M orbid ity W ith Failed TOLAC

Transfusion 
E ndom etritis  
Length o f stay

Other Risks W ith TOLAC

Potential risk fo r  perinatal asphyxia w ith  labor (cord 
prolapse, abrup tion)

Potential risk fo r  an tepartum  s tillb irth  beyond 39 weeks' 
gestation

TOLAC, tria l o f labor after cesarean.

BOX 20-2 RISKS ASSOCIATED WITH PLANNED REPEAT 
CESAREAN DELIVERY

• Increased m aternal m o rb id ity  com pared w ith  successful 
tria l o f labor

• Increased length o f stay and recovery
• Increased risks fo r  abnorm al p lacentation and 

hem orrhage w ith  successive cesarean deliveries

that when resources for immediate cesarean delivery are not 
available, health care providers and patients considering TOLAC 
should discuss the hospital’s resources and the availability of 
staff. The decision to pursue TOLAC in such a setting should be 
carefully considered by patients and their health care providers.

Regardless o f the approach to delivery, a pregnant woman 
with a previous cesarean delivery is at risk for both maternal 
and perinatal complications. Complications associated with 
both procedures should be discussed, and an attempt should 
be made to include an individualized risk assessment for the 
likelihood o f successful VBAC (Box 20-1) and the correspond
ing comparative risk of maternal and perinatal morbidity. Such 
an estimate may be obtained from prior prediction models that 
have been developed, such as those by Grobman and associ
ates.25,30 Whereas no prediction model can provide an individual 
risk of uterine rupture that is as accurate and reliable as that of 
the prediction of VBAC, a consideration of individual-specific 
factors associated with uterine rupture should also be consid
ered. Lastly, plans for future childbearing and the risks for mul
tiple cesarean deliveries, including the risks for placenta previa 
and placenta accreta, should also be considered (Box 20-2).72,73

It is essential to make an effort to obtain records o f the 
prior cesarean delivery to ascertain the previous uterine inci
sion type. This is particularly relevant to cases in which it is 
more likely that a non-low transverse uterine incision was 
used. If previous uterine incision type is unknown, the implica
tions of that missing information should be discussed.

Following informed consent detailing the most relevant risks 
and benefits for the individual woman, the delivery plan should 
be formulated using a shared decision-making process by both 
the patient and physician. There should be clear recognition 
that this plan may change depending on clinical circumstances, 
including events during the labor process. It is inappropriate to 
mandate TOLAC because many women desire a planned repeat
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FIG 20-3 A, This 37-year-old patient (gravida 7, para 3, ab 3) presented for induction of labor at 41 weeks' gestation. She had had two prior 
vaginal deliveries, but her last baby was born at 33 weeks by low transverse cesarean section for nonimmune hydrops caused by a cardiac 
malformation. The patient's induction was begun with prostaglandin gel. Her cervix changed from fingertip dilated, 50% effaced to 1-cm dilated, 
70% effaced with a cephalic presentation at -2  station. Oxytocin was then begun at 1 mll/min. The patient progressed well, and epidural 
anesthesia was administered at 4 to 5 cm dilation, 90% effaced, and 0 station. The patient was at 6 cm dilation with a tracing that demonstrated 
normal heart rate variability and variable decelerations. B, Thirty minutes after the above tracing was recorded, the fetal heart rate pattern 
changed to severe variable decelerations. C, The tracing then demonstrated prolonged decelerations at 90 beats/min. The patient was taken to 
the operating room for an emergency cesarean delivery, and it was found that rupture had occurred along the site of the previous uterine inci
sion. A female fetus weighting 3200 g with Apgar scores of 7 and 8 was delivered; umbilical arterial pH was 7.17 and venous pH was 7.22. 
The uterine incision had not extended and was easily closed, and the baby did well.

operation after thorough counseling. Similarly, patient auton
omy requires that practitioners document informed consent 
regarding TOLAC and attempt to enable women who desire 
TOLAC to achieve their goal. Korst and colleagues6 have noted 
the reported high frequency of lack of informed consent regard
ing TOLAC-VBAC and have questioned the extent to which 
women are able to truly choose TOLAC as opposed to being 
dissuaded by the health care system. Because facilities, resources, 
and policies vary widely among health care institutions, it has 
been suggested that health care organizations and physicians 
consider making public their TOLAC policies and VBAC rates 
as well as their plans for responding to obstetric emergencies.10 
This transparency in data would no doubt help inform women

with prior cesarean deliveries in choosing both their planned 
approach to delivery and an appropriate facility for their 
childbirth.

Based on the available evidence, TOLAC should continue 
to remain an option for most women with a prior cesarean 
delivery, particularly when the low absolute risks that accom
pany TOLAC are considered. The attributable risk for a 
serious adverse perinatal outcome (perinatal death or HIE) 
at term appears to be about 1 per 2000 TOLACs. Combining 
an independent risk for hysterectomy attributable to uterine 
rupture at term with the risk for newborn HIE indicates the 
chance o f one o f these adverse events occurring to be about
1 in 1250 cases.
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The decision to elect a TOLAC may also increase the risk 
for perinatal death and HIE unrelated to uterine rupture. For 
women awaiting spontaneous labor beyond 39 weeks, a small 
possibility of unexplained stillbirth exists that might have been 
avoidable had a scheduled repeat operation been performed 
at 39 weeks. A risk for fetal hypoxia and its sequelae may 
also accompany labor events unrelated to the integrity of the 
uterine scar. In the M FM U Network study,8 five cases of non
rupture-related HIE occurred in term infants in the TOLAC 
group compared with none in the planned repeat cesarean 
population.

Cost-Effectiveness of a Trial of Labor After Cesarean
Several investigators have assessed whether and under what cir
cumstances TOLAC is a cost-effective strategy. An analysis by 
Grobman and colleagues74 suggested that the choice of planned 
repeat cesarean delivery, instead of TOLAC, at the time of 
a second pregnancy prevented one major adverse neonatal out
come but required 1591 additional cesarean deliveries and 
cost an additional $2.4 million per 100,000 women. Chung 
and associates75 incorporated quality-adjusted life-years as the 
measure of effectiveness in their analysis and determined that 
TOLAC in a second pregnancy was cost-effective as long as the 
chance of VBAC exceeded approximately 74%.

The analysis by Chung and colleagues, however, did not 
account for the consequences in future pregnancies of the choice 
regarding the approach to delivery. Also, the analyses of both 
groups, Grobman’s and Chung’s, used summary point estimates 
from the observational studies in the literature, which as previ
ously noted, may have been biased as a result of the nonrandom 
nature of the choice to attempt either TOLAC or planned repeat 
cesarean delivery. In a more recent analysis, Gilbert and col
leagues76 attempted to rectify both limitations by including 
probabilities of outcomes throughout a woman’s reproductive 
life that were contingent upon her initial choice regarding 
TOLAC and by obtaining probability estimates directly from 
the M FM U Cesarean Registry that were derived from a propen
sity analysis. In this study, TOLAC was found to be cost effec
tive over a wide variety o f circumstances, even when women 
had a probability o f VBAC as low as 43%.

KEY POINTS

♦ VBAC rates have plummeted from a peak of approxi
mately 30% in 1996 to 5% in 2010.

♦ Most women with a prior low transverse cesarean deliv
ery are candidates for TOLAC and should be counseled 
about and offered this option.

♦ The success rate for TOLAC is influenced by prior indi
cation for cesarean delivery, history of vaginal delivery, 
demographic characteristics such as maternal age and 
BMI, the occurrence of spontaneous labor, and cervical 
status at admission.

♦ Oxytocin may be used for induction, as well as augmen
tation, of labor in women undergoing TOLAC.

♦ The use of misoprostol for cervical ripening is contrain
dicated in women undergoing TOLAC.

♦ The most consistent sign associated with uterine rupture 
is fetal heart rate abnormalities that include prolonged 
variable decelerations and bradycardia.
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Placenta accreta (PA) refers to different grades of morbid placen
tal attachment to the uterine wall secondary to invasion of the 
trophoblast into the myometrium beyond the uteroplacental 
interface. The term p la cen ta  in creta  is used to describe deep 
myometrial invasion by trophoblast villi, and p la cen ta  p e r -  
cr eta  refers to villi perforating through the full thickness of 
the myometrium and uterine serosa with possible involve
ment o f adjacent organs.1 1 The difference between placenta 
accreta, increta, and percreta is related to the extent o f inva
sion, and the umbrella term d iso rd ers o f  in va siv e p la cen ta 
tion  is used to encompass all three (Fig. 21-1).

PA has also been categorized as total, partial, or focal 
depending on the amount o f placental tissue involved. This 
subclassification has been used less frequently because micro
scopic examination o f the hysterectomy specimen is rarely 
complete, and attempts at manual removal often distort the 
placental anatomy.2 However, with increasing numbers of cases 
of PA being diagnosed antenatally, and with greater expertise 
in conservative therapeutic procedures, this classification might 
become more useful.

The first detailed description o f a PA1 appeared within 
20 years o f major changes in the surgical techniques for, 
and more common use of, cesarean delivery (CD). It was not 
reported by the prominent pathologists o f the eighteenth 
and nineteenth centuries, which may indicate the direct rela
tionship between the increased use o f CD and morbid pla
cental adherence.4 Although PA remains a relatively uncommon

obstetric pathology, it has become a complication that an obste
trician with a practice of average volume is likely to encounter 
more commonly, compared with the once or twice in a lifetime 
encounter of two decades ago. PA has also become a major cause 
of life-threatening obstetric complications worldwide.

When PA is present, the failure o f the entire placenta to 
separate normally from the uterine wall after delivery is typi
cally accompanied by severe postpartum hemorrhage (PPH; 
see Chapter 18). Attempts to remove the adherent tissue may 
provoke further bleeding and a cascade of ongoing hemorrhage, 
shock, and coagulation disorders that require complex clinical 
management (Box 21-1). This chapter reviews the pathogenesis, 
epidemiology, antenatal diagnosis, and management of this 
obstetric disease.

PATHOGENESIS
Unlike many other placental disorders— such as hydatidiform 
moles, which have been known for centuries— PA was only 
recently described, in 1937 by Irving and Hertig.1 Before the 
nineteenth century, few successful attempts had been made at 
performing CDs.5 CD was a surgical procedure of last resort, 
and the operation was essentially performed to save the baby’s 
life. It is only when surgeons started to remove and subsequently 
to suture the uterus after delivery that the maternal death rate 
following CD started to improve. By the 1920s, the combina
tion of surgical improvements by Kehrer (uterine closure), Pfan- 
nenstiel (suprapubic transverse entry), and Munro Kerr (lower 
segment uterine incision) and developments in anesthesia and 
microbiology had brought down the maternal mortality from 
70% in the 1850s to less than 10%. The introduction of utero
tonic agents, blood transfusions, and antibiotics just before and 
after the Second World War further reduced the complication 
rate of CD .5 These changes made the technique safer and allowed 
mothers not only to survive the surgical procedure but also to 
have one or more subsequent pregnancies (see Chapter 19).

Total or partial absence o f decidua is the characteristic 
histologic feature o f PA and is relatively clear cut in cases of 
implantation on a uterine scar.2 This results in the absence 
of the normal plane o f cleavage above the decidua basalis,
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BOX 21-1 CRITERIA FOR THE DIAGNOSIS OF CLINICALLY 
SIGNIFICANT PLACENTA ACCRETA

1. P lacenta does n o t se p a ra te  and  is e x p e lle d  
s p o n ta n e o u s ly , fu lly ,  o r  p a rtia lly  a fte r d e liv e ry  o f  the  
baby.

2. A tte m p t a t re m o v a l o f th e  p la ce n ta  leads to  b risk  
h e m o rrh a g e .

3. H is to p a th o lo g y  c o n firm s  m y o m e tr ia l f ib e rs  in 
a p p o s itio n  w ith  tro p h o b la s ts  a t th e  su sp e c te d  s ite  o f 
inva s ive  p la c e n ta tio n  if p a rtia l o r  c o m p le te  e xc is io n  o f 
the  u te ru s  has been p e rfo rm e d .

thus preventing placental separation after delivery. Myo
metrium does not actually heal by regenerating muscle fibers, 
rather it forms “foreign” substances, including collagen. The 
resulting fibrous tissue is weaker, less elastic, and more prone 
to injury than the original muscle. Myofiber disarray, tissue 
edema, inflammation, and elastosis have all been observed in 
uterine wound healing after surgery.6 Experiments in mice have 
indicated that differences in regenerative ability translate into 
histologic, proliferative, and functional differences in biome
chanical properties of the scarred myometrium after CD .7

Several concepts have been proposed to explain the abnormal 
placentation in PA including (1) a primary defect of trophoblast 
function; (2) a secondary decidua basalis defect as the result of a 
failure of normal decidualization; and, more recently, (3) abnor
mal vascularization and tissue oxygenation of the scar area.4 The 
strongest risk factor for placenta previa is a prior caesarean deliv
ery, which indicates that a failure of decidualization in the area of 
a previous uterine scar can have an impact on both implantation 
and placentation. These findings suggest that the decidual defect 
following a uterine scar may have an adverse effect on early 
implantation by creating conditions for preferential attachment 
of the blastocyst to scar tissue and facilitating abnormally deep 
invasion of the extravillous trophoblast.

Comparison o f the ultrasound features o f the uterine 
cesarean scar with histologic findings has shown that large 
and deep myometrial defects are often associated with 
absence o f reepithelialization o f the scar area.8 These findings 
support the concept of a primary defect in PA, exposing the deep 
vasculature of the myometrium below the junctional zone to the 
migrating trophoblast. The loss of this normal plane of cleavage

BOX 21-2 PRIMARY AND SECONDARY UTERINE 
PATHOLOGIES ASSOCIATED WITH PLACENTA ACCRETA

Primary Uterine Pathology
M a jo r u te rin e  a n o m a lie s  
A d e n o m y o s is
S u b m u c o u s  u te rin e  f ib ro id s  
M y o to n ic  d y s tro p h y

Secondary Uterine Pathology
C esarean d e liv e ry
U te rin e  cu re tta g e
M a n u a l re m o v a l o f th e  p lacenta
C a v ity -e n te r in g  m y o m e c to m y
H ys te ro s c o p ic  s u rg e ry  (e n d o m e tr ia l resection )
In v it ro  fe rt iliz a tio n  p ro ce d u re s  
U te rin e  a rte ry  e m b o liz a tio n  
C h e m o th e ra p y  and  ra d io th e ra p y

Chapter 21 Placenta Accreta

and the excessive vascular remodeling of the radial and arcuate 
arteries can explain the antenatal findings and the clinical con
sequences of PA. A recent study9 of the uterine circulation in 
women with a previous CD has shown that uterine artery resis
tance is increased, and the volume of uterine blood flow is 
decreased, as a fraction of maternal cardiac output compared 
with women with a previous vaginal birth. These data suggest a 
possible relationship between a poorly vascularized uterine scar 
area and an increase in the resistance to uterine blood flow with 
a secondary impact on reepithelialization of the scar area and 
subsequent decidualization. Overall, these data support the 
concept that abnormal decidualization and deep invasion of the 
placental bed by the trophoblast in PA are often secondary to 
the presence of a myometrial scar.4

Fragments of myometrium are found in the products of con
ception in approximately one third of uterine curettages after 
miscarriage.10 The fact that it does not have a clear correlation 
with clinical PA in a subsequent pregnancy suggests that the 
trauma to the myometrium and the surface of the endometrial 
damage is often limited in a curettage procedure compared with 
that of a CD or other major uterine surgery. By contrast, severely 
deficient uterine scars with complete loss of large areas of the 
myometrium could explain rare reports of placenta percreta 
leading to uterine rupture in the first half of pregnancy.11'15 
Although this is an extremely rare complication of placentation, 
the mechanism of uterine rupture due to a placenta percreta is 
likely to be similar to that of a tubal rupture in an ectopic pla
centation. These findings emphasize the pivotal role of the super
ficial myometrium in modulating normal uterine placentation.

EPIDEMIOLOGY
Any primary or secondary alterations of the uterine endometrial- 
myometrial integrity have been associated with the development 
of PA. W ith the rapid increase in the incidence o f CD over 
the last several decades, this procedure has become associated 
with most cases o f PA, whereas other factors are now respon
sible for a relatively small proportion o f PA (Box 21-2). CD 
is now the most commonly performed major operation around 
the world, with more than 1 million procedures performed each 
year in the United States alone (see Chapter 19). Not surpris
ingly, a substantial increase has been seen in the occurrence of 
PA over the last 50 years with as much as a tenfold rise in its
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458 Section III Intrapartum Care

incidence in most Western countries. Studies in the United 
States have indicated an overall incidence of PA of approximately
1 in 533 deliveries.16,17 A recent meta-analysis has shown a cal
culated summary odds ratio (OR) of 1.96 for PA after one CD .18 
A recent case-control study has shown that, compared with 
primary intrapartum CD, primary prelabor CD significantly 
increased the risk of PA in a subsequent pregnancy in the pres
ence of placenta previa.19 Overall, the data from epidemiologic 
studies consistently indicate that prior CD is the most 
important factor associated with subsequent PA and that the 
risk o f PA increases with the number o f prior CDs.

Placenta Previa With Accreta
Epidemiologic studies have also indicated that CD is associated 
with an increased risk o f placenta previa (see Chapter 18) in 
subsequent pregnancies.17,18,20,21 A recent meta-analysis of five 
cohort and 11 case-control studies published between 1990 and 
2011 revealed that after a CD, the calculated summary OR is 
1.47 for placenta previa.18 The risk of previa is higher with an 
increasing number of prior CD s.16 Following a single CD, a 
50% increase is seen in the risk of placenta previa in a subse
quent singleton pregnancy. For women with two CDs, there is 
a twofold increase in the risk of placenta previa compared with 
women with a history of two vaginal deliveries.17

PA complicates about 5% of pregnancies with placenta 
previa.22 The risk of PA in the setting of placenta previa increases 
with the number of prior CDs. Thus among women with pla
centa previa, 40% of those with two previous CDs and 61% of 
those with three prior CDs develop a PA.23 This risk is indepen
dent of other maternal characteristics such as parity, body mass 
index (BMI), tobacco use, and coexisting hypertension or dia
betes. It has been recently estimated that if  the CD rate contin
ues to rise as it has in recent years, by 2020, there will be an 
additional 6236 placenta previas, 4504 PAs, and 130 maternal 
deaths annually.22

Cesarean Delivery Scar Defects
W ith the increasing use of transvaginal ultrasound, a uterine 
cesarean delivery defect (CDSD), or “niche,” is a condition that 
has been described recently. Much of the focus has been on 
identifying ultrasound criteria of CDSD during pregnancy that 
may indicate a higher risk of scar dehiscence and/or uterine 
rupture during a trial of labor after caesarean (TOLAC) in sub
sequent pregnancies.24 Yet ultrasound imaging, including three- 
dimensional (3-D) imaging and sonohysterography, have been 
increasingly used to investigate uterine scars in nonpregnant 
women (Fig. 21-2). CDSDs have been seen in between 20% 
and 65% of women undergoing transvaginal ultrasound with a 
previous CD .24'28 A CDSD is described as a tethering of the 
endometrium that can serve as a reservoir for blood and fluid, 
and it can be associated with clinical gynecologic symptoms such 
as intermenstrual and postmenstrual spotting and dysmenor
rhea. A CDSD may range from a small defect of the superficial 
myometrium to a larger defect with a direct communication 
between the endometrial cavity and the visceral serosa (Fig. 
21-3). Studies have demonstrated that a history of multiple CDs 
and uterine retroflexion are significantly associated with larger 
CDSDs, and larger CDSDs are more likely to be associated with 
symptoms such as intermenstrual spotting and pelvic pain.25'27

A recent retrospective cohort study has shown that a clinically 
evident uterine scar dehiscence in a previous pregnancy is 
a potential risk factor for preterm delivery, low birthweight, 
and peripartum hysterectomy in the following pregnancy.28

FIG 21-2 Transvaginal ultrasound view of the uterus in a 5-week preg
nancy after two previous elective cesarean deliveries. Note the two 
small defects through the uterine wall at the junction between the 
lower and upper uterine segment corresponding to the scar (S) of the 
previous cesarean delivery incisions.

Interestingly, in this study, previous uterine scar dehiscence did 
not increase the risk of uterine rupture, PA, or adverse perinatal 
outcomes, such as low Apgar scores at 5 minutes and perinatal 
mortality. A recent series of 14 women (20 pregnancies) with a 
prior uterine rupture and 30 women (40 pregnancies) with a 
prior uterine dehiscence has shown that these women can have 
excellent outcomes in subsequent pregnancies if  managed in 
a standardized manner, including CD before the onset of labor 
or immediately at the onset of spontaneous preterm labor.29

Theoretically, uterine scar surgical repair could prevent recur
rent cesarean scar pregnancies and could also prevent PA (Fig. 
21-4). A recent systematic review of studies reporting on hystero- 
scopic and laparoscopic CDSD resection has found that abnor
mal uterine bleeding improved in the vast majority (i.e., 87% 
to 100%) of patients after these interventions.30 However, the 
methodologic quality of the reviewed papers was considered to 
be moderate to poor, and therefore data were insufficient to make 
firm conclusions. Until surgical interventions are evaluated in a 
prospective trial, the benefits and efficacy of surgical repair when 
a CDSD is observed should be considered unknown. A recent

FIG 21-3 Transvaginal ultrasound view of the uterus in a 6-week preg
nancy after a previous emergency cesarean delivery. A large cesarean 
delivery scar defect (CDSD) creates a niche at the junction between 
lower and upper uterine segment (arrow).
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FIG 21-4 A 28-year-old gravida 4, para 1 patient with a history of prior 
low transverse cesarean delivery, presented for a routing ultrasound 
at 5-6 weeks' gestation. She had no complaints. The transvaginai 
ultrasound revealed a heterotopic pregnancy in the uterine scar (HP) 
and a normal intrauterine pregnancy (IUP). The bladder (B), endome
trium (E), cervix (C), uterine fundus (F), and rectum (R) can be seen. 
The heterotopic pregnancy was surgically excised at laparotomy, and 
the pregnancy continued. (Courtesy Christopher Lang, MD, Maternal- 
Fetal Medicine, Mount Carmel St. Ann's Hospital, Columbus, Ohio.)

small retrospective study31 found that the use of monofilament 
suture for hysterotomy closure at the time of CD significantly 
reduced the chance of having placenta previa in the subsequent 
pregnancy. However, these data have not been replicated, and 
there is a need for properly designed, quality randomized con
trolled trials (RCTs) with larger sample sizes to evaluate the 
impact of different suture materials on uterine scar defects and 
risk of uterine rupture during TOLAC and on the development 
of placenta previa/accreta in subsequent pregnancies.

PRENATAL DIAGNOSIS
Before the development of newer imaging techniques, it was not 
possible prenatally to assess the depth of placental invasion or, 
in many cases, to even assess the existence of a PA. Consequently, 
many publications on PA report what can be considered a 
mixture of the conditions of accreta, increta, and percreta as well 
as antenatally suspected and pathologically diagnosed PA, which 
makes it difficult to assess the results of management for each 
individual pathologic entity and clinical situation. At present, 
however, prenatal diagnosis of PA has become a useful tool for 
a better understanding of the pathophysiology of an abnormally 
adherent placenta and its appropriate management.

Ultrasound Imaging
Ultrasound has become the primary screening tool for 
women at risk o f PA. Gray-scale ultrasound features sugges
tive of PA include the loss o f the myometrial interface or 
retroplacental clear space, reduced myometrial thickness, 
and chaotic intraplacental blood flow and intraplacental 
lacunae (Figs. 21-5 to 21-8). Placenta increta may be suggested 
by an examination of the border between the bladder and myo
metrium, which is normally echogenic and smooth.4 In placenta 
percreta, the placenta often is seen bulging into the bladder. In 
rare cases, frank placental invasion into the bladder, which 
appears as exophytic masses, can be seen.

Much attention has been focused on the presence of “intra
placental lacunae” as a marker of PA.1’ These sonolucent spaces

FIG 21-5 Transabdominal grayscale ultrasound longitudinal view of the 
lower uterine segment at 10 weeks' gestation in a patient with pla
centa previa major covering the cervix. The basal plate is missing, 
over an area of 3 cm in diameter, and the placental tissue above it is 
distorted by a large intervillous lake or lacuna.

FIG 21-6 Transvaginai grayscale ultrasound longitudinal view of the 
lower uterine segment at 22 weeks' gestation in a patient with pla
centa previa major covering the cervix. The basal plate is missing, and 
the placental anatomy is distorted by large intervillous lakes, or 
lacunae, which gives the placenta a "moth-eaten" appearance.

contain slow-moving maternal blood on gray-scale imaging 
and have been described as intraplacental “lakes.”21 The mere 
presence of some lacunae, however, does not signify the presence 
of a PA. W hen they involve a small area of the placenta or are 
found in an area of low villous tissue density, such as in the 
center of the cotyledons or under the chorionic plate, these 
lakes may be normal variants and have no clinical significance. 
Conversely, when a PA is present, the lacunae are extensive and 
create a “moth-eaten” appearance of the placenta (see Figs. 21-5 
and 21-6).

The most common sonographic finding associated with 
PA is the loss o f myometrial interface with enlargement of 
the underlying uterine vasculature. “ The addition of color or 
power Doppler evaluation has been valuable in improving the 
screening capacity of ultrasound for PA.32'40 Doppler features 
that suggest PA include chaotic intraplacental blood flow, the 
presence of increased blood flow in the retroplacental space, and 
aberrant vessels crossing between placental surfaces (see Figs. 
21-7 and 21-8). In at-risk women, gray-scale ultrasound is mod
erately sensitive (70% to 90%), although this sensitivity may be
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460 Section III Intrapartum Care

FIG 21-7 Transabdominal color mapping ultrasound longitudinal view 
of the lower uterine segment at 20 weeks' gestation in a patient with 
anterior placenta previa covering the cervix after previous cesarean 
delivery and a delivery defect detected before pregnancy showing 
chaotic intraplacental blood flow, the presence of altered blood flow 
in the retroplacental space, and aberrant vessels crossing between 
placental surfaces.

FIG 21-8 Transabdominal color mapping ultrasound longitudinal view 
of the lower uterine segment at 38 weeks' gestation in a patient with 
anterior placenta previa after previous cesarean delivery showing the 
presence of altered blood flow in the retroplacental space and aber
rant vessels crossing between placental surfaces. AC, amniotic cavity; 
P, placenta; U, uterus.

improved by color flow mapping. A recent meta-analysis41 of 22 
studies that included a total of 3641 pregnancies at risk of inva
sive placentation indicated that the overall sensitivity of ultra
sound in diagnosing PA antenatally is around 90%. Quality 
assessment of the studies showed that the study quality was 
generally high. The negative predictive value (NPV) of other 
recent studies ranged between 95% and 100% (Box 21-3). 
However, not all studies have yielded sensitivities and specifici
ties that were quite as high. For example, a recent prospective 
study'*0 has shown that the sensitivity, specificity, positive predic
tive value (PPV), and NPV were 53.5%, 88.0%, 82.1%, and 
64.8%, respectively. Moreover, it should be noted that most of 
these values come from studies of high-risk women, and the 
predictive values among lower risk women (e.g., those without 
a placenta previa) would be expected to be lower.

FIG 21-9 Transabdominal color mapping ultrasound longitudinal view 
of the lower uterine segment at 12 weeks' gestation in a patient with 
anterior low-lying placenta after previous cesarean delivery showing 
dilated uteroplacental vessels but no disruption of the basal plate.

BOX 21-3 PERFORMANCE OF ULTRASOUND IN THE 
PRENATAL DETECTION OF PLACENTA ACCRETA IN 
3641 PREGNANCIES AT RISK FOR ABNORMALLY 
INVASIVE PLACENTATION

Presence of Lacunae

S ensitiv ity : 77.8% (95% Cl, 70.7-83.6)
S pecific ity: 96.5% (95% Cl, 95.6-97.1)

Loss of Hypoechoic Space Between M yom etrium  and 
Placenta

Sensitiv ity: 63.9% (95% Cl, 55.1-71.9)
Specific ity: 97.3% (95% Cl, 96.6-97.9)

Color Doppler Imaging

S ensitiv ity: 91.2% (95% Cl, 87.2-96.7)
Specific ity: 91.9% (95% Cl, 88.8-94.2)

Ultrasound Overall

S ensitiv ity: 90.8% (95% Cl, 87.0-93.5)
Specific ity: 96.9% (95% Cl, 96.2-97.4)
Positive predictive value: 74.8% (95% Cl, 70.2-78.8) 
Negative predictive value: 99.0% (95% Cl, 98.6-99.3)

Cl, confidence interval.
Modified from  D 'Antonio F, lacovella C, Bhide A. Prenatal identification 
of invasive placentation using ultrasound: systematic review and 
meta-analysis. U ltraso u n d  O bste t G ynecol. 2013;42:509-517.

Disruption of the normal appearance of continuous color 
flow that results in a gap in myometrial blood flow can also be 
seen in cases of PA. This gap represents the site of placental 
invasion into the myometrium and can be diagnosed as early as 
the first trimester of pregnancy.42'46 W ithin this context, it is 
possible that the suspicion for PA may even be heightened (see 
Fig. 21-5) or lessened (Fig. 21-9) at the time of an ultrasound 
examination at 11 to 14 weeks of gestation.47

In cases of a placenta in the lower segment, a transvaginal scan 
w ill help evaluate the uteroplacental interface near the internal 
os of the uterine cervix, and it may assist in assessing the degree 
of placental invasion.48,49 For example, the degree of excess vas
cularity of the lower uterine segment assessed by ultrasound
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FIG 21-10 A, Sagittal magnetic resonance image (MRI) with the fetus (F) in vertex position at 25 weeks' gestation. The placenta (P) is anterior 
and low lying with loss of the normal myometrial dark signal. Prominent vessels (arrow) between the uterus and the bladder (B) are concerning 
for involvement of the bladder wall by placenta percreta. B, Axial MRI demonstrates placental tissue (P) abutting the left posterior aspect of 
the urinary bladder (B) with loss of the dark myometrial signal, preserved on the right side of the placenta (arrow). Findings are suggestive of 
invasion of the bladder by placenta percreta. Abnormal placentation was confirmed on pathologic examination. (Courtesy Dr. Zarine Shah, 
Department of Radiology, Ohio State University Wexner Medical Center.)

TABLE 21-1 SUMMARY ESTIMATES OF SENSITIVITY, SPECIFICITY, AND DIAGNOSTIC ODDS RATIO OF MRI FOR 
DETECTION OF PRESENCE, DEGREE, AND TOPOGRAPHY OF PLACENTAL INVASION AND FOR 
COMPARISON BETWEEN MRI AND ULTRASOUND FOR DETECTION OF INVASIVE PLACENTATION

NO. OF TOTAL SENSITIVITY SPECIFICITY
PARAMETER STUDIES SAMPLE (N) (%) (95% Cl) (%) (95% Cl) DOR (95% Cl)

MRI
Detection of invasive placentation 18* 1010 94.4 (86.0-97.9) 84.0 (76.0-89.8) 89.0 (22.8-348.1)
Depth of placental invasion 3f 62 92.9 (72.8-99.5) 97.6 (87.1-99.9) 44.2 (1.95-1001)
Topography of placental invasion 2f 428 99.6 (98.4-100) 95.0 (83.1-99.4) 803 (9.0-71,411)
Direct Comparison: MRI vs. US
All studies 8* 255
MRI 90.2 (81.3-95.1) 88.2 (76.7-94.4) 68.8 (19.7-239.8)
US 85.7 (77.2-91.4) 88.6 (73.0-95.7) 46.5 (13.4-161.0)
Studies with blinding* 4* 164
MRI 92.9 (82.4-97.3) 93.5 (82.2-97.8) 186.0 (40.0-864.5)
US 87.8 (75.8-94.3) 96.3 (74.4-99.6) 189.2 (15.8-2269)

Modified from Al-Khan A, Gupta V, Illsley NP, et al. Maternal and fetal outcomes in placenta accreta after institution of team-managed care. Reprod Sci. 2014;21(6):761-771. 
‘ Computations based on hierarchical summary receiver-operating characteristics model.
Computations based on the DerSimonian-Laird random-effect model.

Studies in which radiologist was blinded to both ultrasound findings and final diagnosis.
Cl, confidence interval; DOR, diagnostic odds ratio; MRI, magnetic resonance imaging; US, ultrasound.

correlates with disease severity.50 A recent study using logistic 
regression modeling has shown that the use of formal mathe
matical modeling to predict PA may have a better PPV than 
qualitative assessment of ultrasound alone.51 Therefore integrat
ing PA screening into the 11- to 14-week and/or midgesta
tion obstetric ultrasound examination o f women with a 
previous cesarean scar who present with a low anterior pla
centa can be helpful in the management o f PA.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) has recently been intro
duced as a tool that can be used to evaluate the possibility of PA. 
Controversy exists as to its usefulness, although some authors 
have suggested that MRI is better than ultrasound in defining 
areas of abnormal placentation and assessing the depth of myo
metrial invasion, particularly in cases of posterior placentae (Fig.
21-10).52 54 A recent meta-analysis of 18 studies that involved

1010 pregnancies at risk for invasive placentation has indicated 
that the sensitivity and specificity of MRI in diagnosing PA 
antenatally were 94.4% and 84.0%, respectively.55 MRI was also 
useful in assessing both the depth and topography of placental 
invasion (Table 21-1). Focal interruption of the myometrium 
and the presence of dark intraplacental bands on T2-weighted 
sequences showed the best sensitivity (92.0%), whereas tenting 
of the bladder and uterine bulging had the best specificity 
(98.6%). The prevalence of PA in the cohort under review was 
nearly 75%, which suggests that women included in these studies 
were highly selected and at very high risk. Therefore, the diag
nostic accuracy of MRI in a more general population is difficult 
to ascertain, and it has not yet been shown that the addition of 
MRI to ultrasound results in improved clinical outcomes.

Studies that have compared MRI and ultrasound have not 
found a consistent difference in either the sensitivity or the 
specificity for the diagnosis of PA between the two techniques.
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462 Section III Intrapartum Care

However, in several of these studies, MRI was carried out only 
on a proportion of women referred for ultrasound, and in most 
of the studies to assess the diagnostic performance of MRI, the 
radiologists were not blinded to the ultrasound findings.'’’ Thus 
the value of MRI used alone without knowledge of sonographic 
findings is uncertain. This issue may not be of great relevance 
in clinical practice, where MRI images are often read with the 
knowledge of ultrasound findings.

Large population-based studies are needed to assess what MRI 
can add to ultrasound in predicting the depth and topography 
of placental invasion. Even if MRI may be able to add infor
mation in some limited instances, the cost and limited access of 
MRI compared with ultrasound makes it an impractical screen
ing technique for PA in routine clinical practice.

TABLE 21-2 PREPARATION FOR SURGICAL 
MANAGEMENT OF PLACENTA ACCRETA

MANAGEMENT
The majority of women with PA will also present with a placenta 
previa and are therefore at a substantial risk of bleeding and 
preterm delivery. Each episode of antenatal vaginal bleeding is 
associated with an increased risk of unscheduled delivery.56 
Therefore antenatal corticosteroid injections to advance fetal 
lung maturity should be timed according to the maternal symp
toms and need for delivery. A decision analysis suggested that 
delivery at approximately 34 weeks o f gestation among 
women with a placenta previa and suspected PA, even with
out confirmation o f fetal lung maturity, was the gestational 
age associated with optimal overall maternal and perinatal 
outcomes.’

The worst clinical outcomes arise when PA is unsuspected at 
the time of delivery and the operator attempts to remove the 
adherent villous tissue.5’ Women with placenta accreta, increta, 
or percreta for whom no attempt is made to remove any part 
of their placenta have reduced levels o f hemorrhage and a 
reduced need for blood transfusion.51,60 When the presence of 
a PA is suspected, careful preoperative planning can minimize 
maternal morbidity. Thus attempted prenatal diagnosis of mor
bidly adherent villous tissue is pivotal in the management of PA. 
Nevertheless, it should be recognized that sonography and MRI 
are screening tests, and no diagnostic imaging techniques exist 
that can always be relied on.

Clear clinical evidence shows that women with PA managed 
by a multidisciplinary care team, compared with standard 
obstetric care, are less likely to require large-volume blood 
transfusion and reoperation within 7 days o f delivery for 
bleeding complications. They are also less likely to experience 
prolonged admission to the intensive care unit, and they have 
less coagulopathy and fewer urinary tract injuries.60'63 Referral 
of all women diagnosed antenatally with PA to a tertiary care 
center with experience in the management of PA and use of a 
multidisciplinary care team is therefore recommended by pro
fessional organizations, including the American College of 
Obstetricians and Gynecologists (ACOG), the American Society 
of Anesthesiologists (ASA), the Royal College of Anesthetists 
(RCA), and the Royal College of Obstetricians and Gynaecolo
gists (RCOG).

Over the last decade, conservative management has been 
described in which the placenta is left in situ in the uterus after 
delivery of the neonate. The main aim o f conservative manage
ment o f PA is to reduce operative injury and blood loss and 
to increase the chance that a hysterectomy can be avoided. 
Often adjuvant procedures, including uterine artery emboli
zation, are performed by interventional radiology.64,65 These

INTERVENTION

Treatment at a 
referral center

Preoperative imaging 
Timing of delivery 
Delivery location

Anesthesia 
Vascular access 
Ureteral stents

Cell salvage 
Rapid infusion 
Interventional 

radiology

Blood bank 
preparedness 

Uterine incision

COMMENT

Availability of multidisciplinary team that 
includes pelvic surgeons, anesthesiologist, 
vascular/trauma surgeons, interventional 
radiologist, neonatologist 

Ultrasound evaluation of placenta 
Approximately 34 weeks (with placenta previa) 
Consider main OR or have all available

equipment on labor and delivery. OR staff 
must be trained in advanced pelvic surgical 
procedures.

Consider general anesthesia.
Central line, arterial line 
Consider retrograde ureteral stent placement 

prior to laparotomy.
Cell salvage availability 
Availability of rapid infusion device 
Consider catheter placement for uterine artery 

embolization and/or balloon occlusion 
catheter placement.

Packed red cells (10-20 U), fresh frozen plasma 
(10-20 U), platelets (12 U)

Fundal or posterior hysterotomy as needed to 
avoid placental disruption

OR, operating room.

attempts, however, also have been associated with instances of 
significant delayed bleeding and infection. Consequently, the 
role of adjuvant procedures in the management of PA remains 
uncertain. RCTs and large cohort studies to compare primary 
surgical management and conservative management of placenta 
accreta are lacking. Management decisions must account for the 
hemodynamic status of the patient, the desire to preserve fertil
ity, and the resource availability and expertise (Table 21-2; see 
also Table 21-1).

Surgical Management
Hysterectomy remains the most commonly performed proce
dure for the control o f PPH (see Chapter 20). W hen massive 
bleeding is anticipated, appropriate equipment for major gyneco
logic surgery should be available in the operating room, includ
ing a self-retaining retractor and instrumentation to perform a 
major laparotomy. In many tertiary care centers, these surgeries 
are performed in the main operating room, as opposed to in the 
labor and delivery units, to ensure the availability of appropriate 
equipment; nursing staff trained in advanced abdominal surgery; 
a multidisciplinary team of surgeons, obstetric anesthesiologists, 
and interventional radiologists; and blood bank support.66

Prior to skin incision, blood products should be made 
available; this includes red blood cells, fresh frozen plasma, 
and platelets i f  possible (see Chapter 18). Early blood product 
replacement with consideration given to volume, oxygen- 
carrying capacity, and coagulation factors can reduce periopera
tive complications. Autologous transfusion of salvaged red cells 
can be used to minimize transfusion of banked blood in women 
undergoing cesarean hysterectomy.67 W hen transfusion is re
quired, infusion of adequate platelets and fresh-frozen plasma 
in relation to red blood cells (often a 1 :1  ratio) has been associ
ated with improved outcomes in cases of trauma, although this 
strategy has not been evaluated in cases of PA.68,69 Regional 
anesthesia may lim it the ability to manipulate the abdominal 
contents for retractor placement; therefore general anesthesia 
may be preferable for patients with a high risk of requiring a 
hysterectomy and in cases of placenta percreta that involves
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Chapter 21 Placenta Accreta 463

the bladder or the bowel. Prior to initiation of the surgical 
procedure, adequate vascular access should be ensured. This 
often includes central venous access as well as an arterial line. 
The availability of a rapid infusion device to rapidly reinstall 
blood products is essential if  massive blood loss ensues (see 
Table 21-2).

The role o f interventional radiology at the time o f primary 
CD and hysterectomy remains uncertain. As described below, 
uterine artery embolization catheters can be placed preopera- 
tively, and balloon occlusion catheters in the internal iliac vessels 
can be considered. Although these techniques may facilitate 
hemostasis in some women, both interventions carry risks.

Once the abdomen has been entered, the entire pelvis is 
inspected. The most common site of placental invasion is 
through the anterior uterine wall, but the placenta may invade 
laterally and may encroach upon the parametrium. Lateral pla
cental invasion may hinder identification of the ureters and 
make isolation of the uterine vasculature difficult.66- 0 The myo
metrium under and around the abnormally implanted villous 
tissue is typically very thin and friable, and it is surrounded by 
dilated vascular channels (Fig. 21-11). The placental location 
may be mapped out with sonography and the uterine incision 
site chosen, preferably away from the placenta. This approach 
may require a fundal or even posterior uterine wall incision, 
which can be technically challenging and may result in a delay 
in delivery of the fetus, which highlights the importance of an 
attempt to accurately diagnosis PA to avoid unnecessarily expos
ing mothers without PA and their newborns to surgical proce
dures with a high perioperative morbidity.71

If a hysterectomy is required, it can be performed after closing 
the uterine incision. After the hysterotomy has been closed, the

FIG 21-11 Intraoperative view of placenta accreta in the patient from 
Figure 21-6 shows part of the placentation site. The uterine wall is 
almost transparent, and an area of the abnormally implanted villous 
tissue is very thin and friable and surrounded by dilated vascular chan
nels. (Courtesy Dr. Edwin Chandraharan, St. George's University Hos
pital Foundation Trust.)

round ligament is divided and the retroperitoneum is opened 
widely The ureters are visualized, the uteroovarian ligaments 
are divided, and the ovaries are packed away. The vesicouterine 
peritoneum is then gently opened, and the bladder is dissected 
away from the uterus to the extent possible without placental 
disruption. The uterine artery and its collateral channels are 
then ligated, again attempting to avoid disrupting the wall of 
the uterus if  it is thinned and friable.70

Placement of clamps along the lateral wall of the uterus can 
result in disruption of the placenta and can lead to significant 
bleeding. To lim it bleeding, the surgeon can attempt to ligate 
other vasculature running to the uterus.66,70 The use of ancillary 
procedures such as prophylactic ligation of the internal iliac 
artery is of little benefit because of the extensive collateral cir
culation. After the major vascular channels are divided, dissec
tion should be continued until below the placental tissue; this 
typically requires additional dissection of the plane between the 
bladder and uterus/placenta. It is sometimes necessary to perform 
a cystotomy to fully separate the bladder from the uterus.

Given that PA often occurs in the context of placenta previa, 
removal of the entire cervix is often required to obtain hemo
stasis. Placement of a ring forceps on the cervix has also been 
described to facilitate the identification of the cervix and to lim it 
vaginal blood loss.72 After the uterus and placenta have been 
completely removed, the entire pelvis should be reinspected. 
Multiple, small vascular channels often run along the posterior 
wall of the bladder, and these must be cauterized or ligated to 
lim it bleeding.

The genitourinary tract is at substantial risk for injury 
during these procedures.'6 Bladder and ureteral injuries are 
relatively common. If the villous tissue invades into the parame
trium, ureteral identification can be difficult. Retrograde ure
teral stents can be placed via cystoscopy to facilitate ureteral 
identification. These can be placed after induction of anesthesia 
and prior to opening the abdomen. Data are limited on the use 
of ureteral stents to reduce the risk of ureteral injury; therefore 
further evaluation is required before considering routine use for 
all women with PA.

Postoperatively, febrile complications and bowel dysfunction 
are relatively frequent. Reoperation is required in up to one third 
of women who undergo peripartum hysterectomy.66 Among 
women who require reexploration, approximately three quarters 
require the procedure to control bleeding. The remainder are 
mostly done to repair operative injuries, mainly of the genito
urinary tract.

Conservative Management
The surgical approach to management of PA is associated with 
significant maternal morbidity, even when carried out in a ter
tiary center by an experienced multidisciplinary team.73 W ithin 
this context, conservative (uterine-sparing) approaches for the 
management of PA have been described. The conservative sur
gical approach often involves the use o f a fundal/classical 
incision to deliver the fetus without disturbing the placenta. 
The uterine incision is closed after delivery, and the placenta 
is left in situ. This approach has been combined with additional 
procedures such as uterine artery embolization, methotrexate 
therapy, hemostatic sutures, pelvic devascularization, and balloon 
tamponade with varying rates of success reported in case reports 
or series (Table 21-3; see Chapter 18).

Few data are available to help select which patients are 
best served with conservative management and which form of 
conservative management, if  any, is preferable. Routine use of
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464 Section III Intrapartum Care

TABLE 21-3 PREPARATION FOR CONSERVATIVE 
MANAGEMENT OF PLACENTA ACCRETA

INTERVENTION COMMENT

Treatment at 
referral center

Preoperative 
preparation 

Delivery location

Interventional 
radiology 

Vascular access 
Uterine incision

Blood bank 
preparedness

Availability of multidisciplinary team including 
pelvic surgeons, anesthesiologist, vascular/ 
trauma surgeons, interventional radiologist, 
neonatologist 

Preparation as above for primary surgical 
management if bleeding ensues 

Consider main OR or have all available equipment 
on labor and delivery. OR staff must be trained 
in advanced pelvic surgical procedures. 

Preoperative uterine artery catheter placement for 
uterine artery embolization 

Central line, arterial line 
Fundal or posterior hysterotomy as needed to 

avoid placental disruption 
Packed red cells (10-20 U), fresh frozen plasma 

(10-20 U), platelets (12 U)

OR, operating room.

methotrexate in conservatively managed patients is no longer 
advocated because it has shown little benefit in enhancing pla
cental reabsorption and can be associated with life-threatening 
complications.60,66' By contrast, in case series, conservative 
management combined with pelvic artery embolization has been 
associated with success rates that range between 85% and 95% .75 
Other more controversial approaches to uterine conservation 
have also been described. A protocol that consists of preventive 
radiologic catheterization of the descending aorta, CD, use of 
Affronti endouterine square hemostatic sutures, and placement 
of an intrauterine Bakri balloon in conjunction with B-Lynch 
suture was successfully performed in nine women with placenta 
previa and PA.76 More recently, a “Triple-P procedure” was 
described in four women with placenta percreta. W ith this 
technique, the uterine blood supply is reduced with arterial 
balloon occlusion catheters, the myometrial wall underlying the 
placental bed is excised, and the defect is closed. A recent review 
of 119 cases of placenta percreta noted that local resection, 
compared with hysterectomy or leaving the placenta in situ, was
associated with fewer complications within 24 hours postopera-
tively.78 Nevertheless, the data about conservative techniques are
derived from case reports and series, and the number of women
managed with these various conservative techniques is small. In
addition, evidence suggests that conservative management is
associated with severe long-term complications of hemorrhage
and infection, which includes a 58% risk of delayed hysterec
tomy. Therefore when conservative management is chosen,
follow-up should include ultrasound to assess the spontaneous 
or induced regression of placental tissue as well as careful moni
toring of the patient’s signs (e.g., temperature) and symptoms.
Human chorionic gonadotropin (hCG) levels have not been 
shown to correlate with the rate of placental resorption.

Pelvic artery embolization performed using m inimally inva
sive interventional radiology techniques has been demonstrated 
in some but not all reports to reduce intraoperative blood 
loss, the need for transfusion, and hysterectomy.66- ),8° After 
delivery, embolization can performed either in the operating 
room or in an interventional radiology suite.66 '5 Pelvic artery 
embolization is also useful in women who continue to bleed 
after hysterectomy. However, complications of embolization 
include thrombosis and necrosis of embolized tissue.

The second interventional radiologic modality that may be of 
use in women with PA is the placement of intraarterial balloon 
occlusion catheters.66,81’82 Occlusion catheters contain small bal
loons that can be inflated to occlude the lumen of a vessel. 
Balloon occlusion catheters can be placed under fluoroscopic 
guidance prior to hysterectomy, and placement within the inter
nal iliac artery is the most common site. At the time of hyster
ectomy, the balloons can be inflated either prophylactically or 
only after heavy bleeding is encountered.

Both embolization and balloon occlusion incur risks that 
include thrombosis, tissue necrosis, and vascular dissection. 
Accordingly, the utility o f embolization and balloon occlu
sion catheters remains controversial, and it has not been 
demonstrated that the routine use o f these interventions has 
benefits that outweigh the risks.

Reproductive Outcomes Following 
Placenta Accreta
Although data are limited, conservative treatment for PA may 
be followed by a subsequent pregnancy,83 although that sub
sequent pregnancy is at increased risk for adverse mater
nal outcomes that include recurrent PA, uterine rupture, 
PPH, and peripartum hysterectomy.84'87 Estimated risks 
have been reported for recurrent PA (22%8, to 29% 84), early 
PPH (8.6%83'87), uterine rupture (3.3%), peripartum hysterec
tomy (3.3%), and blood transfusions (16.7% ).84 Long-term 
complications include intrauterine synechiae and secondary 
amenorrhea.83

SUMMARY

Placenta accreta (PA) refers to different grades of morbid 
placental attachment to the uterine wall secondary to deep 
invasion of villous tissue into the myometrium. Although 
any primary or secondary alterations of the uterine 
endometrial-myometrial integrity have been associated 
with the development of PA, the rapid increase in the 
frequency of CD over the last several decades has led to 
PA becoming an increasingly common obstetric complica
tion. The failure of the entire placenta to separate normally 
from the uterine wall after delivery in PA is typically 
accompanied by severe PPH. Therefore accurate prenatal 
diagnosis is important in the outcome of PA, and along 
with planned management of the condition through the 
use of a multidisciplinary team, this has been associated 
with a reduced rate of maternal morbidity. Women diag
nosed antenatally with PA should be referred to a tertiary 
care center and managed by a multidisciplinary team that 
includes surgeons, obstetric anesthesiologists, interven
tional radiologists, and hematologists.

KEY POINTS

Prior CD is the most important factor associated with 
PA, and the risk of PA increases with the number of 
prior CDs.
All women with placenta previa who have had a previ
ous CD are at risk of PA, and each additional CD is 
associated with an increased risk of PA.
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Chapter 21 Placenta Accreta 465

♦ Suspected PA on prenatal imaging allows planned man
agement of the condition and has been associated with 
a reduced rate of maternal morbidity.

♦ Ultrasound imaging is superior to MRI for routine 
screening of PA in at-risk women, but the degree of 
invasion to adjacent pelvic tissues and organs may be 
better ascertained with MRI.

♦ The optimum time for planned delivery for a woman 
with suspected PA and placenta previa is approxi
mately 34 weeks, following a course of corticosteroid 
injections.

♦ When a PA is suspected, it is best to avoid disturbing 
the placenta and to leave it attached at the time of 
cesarean delivery.

♦ Women diagnosed antenatally with PA should be 
referred to a tertiary care center and managed by a 
multidisciplinary team that includes surgeons, obstet
ric anesthesiologists, interventional radiologists, and 
hematologists.

♦ The role of interventional radiology at the time of 
primary caesarean delivery and hysterectomy remains 
uncertain.

♦ A pregnancy following a previous PA that was treated 
with conservative management is at increased risk for 
adverse maternal outcomes such as recurrent PA, uterine 
rupture, PPH, and peripartum hysterectomy.
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KEY ABBREVIATIONS

Am erican College o f Obstetricians and ACOG Large fo r gestational age LGA
Gynecologists M agnetic resonance im aging MRI

Appropriate  fo r gestational age AGA M econium  aspiration syndrom e MAS
Central nervous system CNS Necrotizing enteroco litis NEC
Chronic lung disease CLD Neonatal resuscitation program NRP
C ontinuous positive a irw ay pressure CPAP Periventricu lar hem orrhage PVH
Com puted tom ography CT Periventricu lar leukomalacia PVL
Cyclic adenosine m onophosphate cAMP Persistent pu lm onary  hypertension o f PPHN
D ipalm itoy lphosphatidy lcho line DPPC the newborn
Docosahexaenoic acid DHA Pulm onary vascular resistance PVR
Functional residual capacity FRC Rapid eye m ovem ent REM
Glucose-6-phosphate dehydrogenase G6PD Respiratory distress syndrom e RDS
Group B Streptococcus GBS Small fo r gestational age SGA
Hyaline m em brane disease HMD Surfactant protein SP
Human im m unodefic iency virus HIV Thyrotropin-re leasing horm one TRH
Idiopathic th rom bocytopenic purpura ITP Thyro id -s tim u la ting  horm one TSH
Inferior vena cava IVC U ridine d iphosphoglucuronosyl UDPGT
Insulin-like g row th  factor 1 IGF-1 transferase
Intrauterine g row th  restriction IUGR Vascular endothelia l g row th  factor VEGF
Intraventricu lar hem orrhage IVH Very low  b irthw e igh t VLBW
Kangaroo m aternal care KMC

The first 4 weeks o f an infant’s life, the neonatal period, are 
marked by the highest mortality rate in all o f childhood. The 
greatest risk occurs during the first several days after birth. 
Critical to survival during this period is the infant’s ability 
to adapt successfully to extrauterine life. During the early

hours after birth, the newborn must assume responsibility 
for thermoregulation, metabolic homeostasis, and respira
tory gas exchange and must also undergo the conversion 
from fetal to postnatal circulatory pathways. This chapter 
reviews the physiology of a successful transition as well as the
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implications of circumstances that disrupt this process. Implicit 
in these considerations is the understanding that the newborn 
reflects the sum total of its genetic and environmental past, 
which includes any minor or major insults to which it was sub
jected during gestation and parturition. The period of neonatal 
adaptation is then most meaningfully viewed as continuous with 
fetal life.

CARDIOPULMONARY TRANSITION 
Pulmonary Development
Lung development and maturation require a carefully regulated 
interaction of anatomic, physiologic, and biochemical pro
cesses. The outcome of these events provides an organ with ade
quate surface area, sufficient vascularization, and the metabolic 
capability to sustain oxygenation and ventilation during the 
neonatal period. Five stages o f morphologic lung devel
opment have been identified in the human fetus1: (1) the 
embryonic period, from 0 to 6 weeks postconception; (2) the 
pseudoglandular period, from 6 to 16 weeks; (3) the canalicular 
period, from 16 to 24 weeks; (4) the saccular period, from 24 to 
38 weeks; and (5) the alveolar period, from 36 weeks’ gestation 
to 2 years of age.

The lung arises as a ventral diverticulum from the foregut 
during the fourth week of gestation, in the embryonic period. 
During the ensuing weeks, in thepseudoglandular period, branch
ing of the diverticulum occurs and forms a tree of narrow tubes 
with thick epithelial walls composed of columnar cells. Molecu
lar mechanisms involved in lung development include expres
sion of transcription factors important for specification of the 
foregut endoderm, endogenous secretion of polypeptides impor
tant for pattern formation, and the production of growth and 
differentiation factors critical to cell development. By 16 weeks, 
the conducting portion of the tracheobronchial tree up to 
and including the terminal bronchioles has been established. 
The vasculature derived from the pulmonary circulation devel
ops concurrently with the conducting airways, and by 16 weeks, 
preacinar blood vessels are formed. The canalicular p eriod  is 
characterized by differentiation of the airways, with widening of 
the airways and thinning of epithelium. In addition, primitive 
respiratory bronchioles begin to form, marking the start of the 
gas-exchanging portion of the lung. Vascular proliferation con
tinues, along with a relative decrease in mesenchyme, which 
brings the vessels closer to the airway epithelium. The saccular 
period  is marked by the development of the gas-exchanging 
portion of the tracheobronchial tree (acinus) composed of respi
ratory bronchioles, alveolar ducts, terminal saccules, and finally, 
alveoli. During this stage, the pulmonary vessels continue to 
proliferate with the airways and surround the developing air 
sacs. The final phase of prenatal lung development, the alveolar 
period, is marked by the formation of thin secondary alveolar 
septa and the remodeling of the capillary bed.

Throughout these periods, mesenchymal and epithelial cell 
cross-talk directs the normal processes of lung alveolarization 
and vascularization.2 Several million alveoli will form before 
birth, which emphasizes the importance o f the last few weeks 
of pregnancy to pulmonary adaptation. Postnatal lung growth 
is characterized by generation of alveoli, and over 85% of alveo
larization takes place after b irth.1

The critical determinants o f extrauterine survival are the 
formation o f the thin air-blood barrier and production of 
surfactant. By birth, the epithelial lining of the gas-exchanging

surface is thin and continuous with two alveolar cell types: type
I  cells are thin and contain few subcellular organelles, whereas 
type II cells contain subcellular organelles that aid in the produc
tion of surfactant (Fig. 22-1). Surfactant lipids and surfactant 
proteins B and C are secreted by exocytosis as lamellar bodies 
and unravel into tubular myelin. The other surfactant proteins 
(SPs), SP-A and SP-D, are secreted independently of the lamellar 
bodies. Tubular myelin is a loose lattice of phospholipids and 
surfactant-specific proteins. The surface active component of 
surfactant then adsorbs at the alveolar interface between air and 
water in a monolayer. W ith repetitive expansion and compres
sion of the surface monolayer, material is extruded that is either 
cleared by alveolar macrophages through endocytic pathways or 
is taken up by the type II cell for recycling back into lamellar 
bodies.3

Because o f the development o f high surface forces along 
the respiratory epithelium when breathing begins, the avail
ability o f surfactants in terminal airspaces is critical to post
natal lung function. Just as surface tension acts to reduce the 
size of a bubble in water, it also acts to reduce lung inflation, 
which promotes atelectasis. This is described by the LaPlace 
law, which states that within a sphere the pressure (P) is directly 
proportional to surface tension (7 ) and is inversely propor
tional to the radius (r) of curvature (Fig. 22-2). Surfactant 
has the physical property o f variable surface tension depen
dent on the degree o f surface area compression. In other 
words, as the radius o f the alveolus decreases, surfactant 
serves to reduce surface tension, which prevents collapse 
of the alveolus. If this property is extrapolated to the lung, 
smaller alveoli w ill remain more stable than larger alveoli because 
of their lower surface tension. This feature is emphasized in 
Figure 22-3, which compares pressure-volume curves from 
surfactant-deficient and surfactant-treated preterm rabbits. Sur
factant deficiency is characterized by high opening pressure, 
low maximal lung volume, and lack o f deflation stability at 
low pressures.

Natural surfactant contains mostly lipids, phospholipids 
specifically, and some protein (Fig. 22-4).3 Approximately 
half o f the protein is specific for surfactant. The principal 
classes of phospholipids are:

• Saturated phosphatidylcholine compounds, the surface 
tension-reducing component of surfactant, 45%— more 
than 80% of which is dipalmitoylphosphatidylcholine
(DPPC)

• Unsaturated phosphatidylcholine compounds, 25%
• Phosphatidylglycerol, phosphatidylinositol, and phospha- 

tidylethanolamine, 10%
Saturated phosphatidylcholine is found in lung tissue of the 

human fetus earlier in gestation than in other species. Surfactant 
is released from storage pools into fetal lung fluid at a basal rate 
during late gestation and is stimulated by labor and the initiation 
of air breathing. Four unique surfactant-associated proteins have 
been identified, and all are synthesized and secreted by type II 
alveolar cells. Surfactant protein A (SP-A) functions coopera
tively with the other surfactant proteins and lipids to enhance 
the biophysical activity of the surfactant, but its most important 
role is in the innate host defense of the lung. SP-B and SP-C 
are lipophilic proteins that facilitate the adsorption and spread
ing of lipid to form the surfactant monolayer. SP-B deficiencies 
are associated with neonatal pulmonary complications and 
death, whereas SP-C deficiencies are associated with interstitial 
lung disease that presents at a more variable age. SP-D plays a
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Tubular myelin
Surfactant protein A 
Surfactant protein B 
Surfactant protein C 
Phospholipids

Subphase

Endocytosis
Exocytosis

Lamellar
body

Multivesicular
bodiesLamellar

body

Nucleus

Rough endoplasmic 
reticulum

Capillary

Type I cell

FIG 22-1 Metabolism of surfactant. Surfactant phospholipids are synthesized in the endoplasmic reticulum, transported through the Golgi appa
ratus to multivesicular bodies, and finally packaged in lamellar bodies. After lamellar body exocytosis, phospholipids are organized into tubular 
myelin before aligning in a monolayer at the air-fluid interface in the alveolus. Surfactant phospholipids and proteins are taken up by type II cells 
and are either catabolized or reused. Surfactant proteins are synthesized in polyribosomes and are modified in endoplasmic reticulum, Golgi 
apparatus, and multivesicular bodies. (Modified from Whitsett JA, Pryhuber GS, Rice WR, et al. Acute respiratory disorders. In Avery GB, Fletcher 
MA, MacDonald MG [eds]: Neonatology: Pathophysiology and Management o f the Newborn, 5th ed. Philadelphia: Lippincott, Williams & Wilkins; 
1999:485.)

FIG 22-2 LaPlace's law. The pressure (Pi within a sphere is directly proportional to surface tension (7) and is inversely proportional to the radius 
of curvature (r). In the normal lung, as alveolar size decreases, surface tension (thin arrows) is reduced because of the presence of surfactant. 
This serves to decrease the collapsing pressure that must be opposed and maintains equal pressures in the small and large interconnected 
alveoli. (Modified from Netter FH. The Ciba Collection o f Medical Illustrations. The Respiratory System, Vol 7. Summit, NJ: Ciba-Geigy; 1979.)
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100-1

FIG 22-3 Pressure-volume relationships for the inflation and deflation of surfactant-deficient and surfactant-treated (red line) preterm rabbit lungs. 
Surfactant deficiency (black line) is indicated by high opening pressure, low maximal volume at a distending pressure of 30 cm of water, and 
lack of deflation stability at low pressures on deflation. (Modified from Jobe AH. Lung development and maturation. In Fanaroff AA, Martin RJ 
[eds]: Neonatal-Perinatal Medicine: Diseases o f the Fetus and Infant, 7th ed. St. Louis: Mosby; 2002:973.)

SP-A

SP-B

SP-C 

SP-D

FIG 22-4 Composition of pulmonary surfactant. SP, surfactant protein. (Modified from Jobe AH. Lung development and maturation. In Fanaroff 
AA, Martin RJ [eds]: Neonatal-Perinatal Medicine: Diseases o f the Fetus and Infant, 7th ed. St Louis: Mosby; 2002:973.)

role in the regulation of surfactant lipid homeostasis, inflamma
tory responses, and host defense mechanisms.3

Several hormones and growth factors contribute to the regula
tion of pulmonary phospholipid metabolism and lung matu
ration: glucocorticoids, thyroid hormone, thyrotropin-releasing 
hormone, retinoic acid, epidermal growth factor, and others. 
Glucocorticoids are the most important and are used clini
cally to augment the synthesis o f surfactant and accelerate 
morphologic development.4 Pregnant women with anticipated 
preterm delivery have received corticosteroid treatment since 
1972. Numerous controlled trials have since been performed. 
Based on a meta-analysis,’ a significant reduction o f about

50% in the incidence o f respiratory distress syndrome (RDS) 
is seen in infants born to mothers who received antenatal 
corticosteroids. In a secondary analysis, a 70% reduction in 
RDS was seen among babies born between 24 hours and 7 days 
after corticosteroid administration. In addition, evidence sug
gests reductions in mortality and RDS even with treatment 
started less than 24 hours before delivery. Although most babies 
in the trials were between 30 and 34 weeks’ gestation, clear 
reduction in RDS was evident when the population of babies 
less than 31 weeks was examined, and given the impact on 
neonatal morbidity and mortality, prenatal steroid use can be 
recommended in pregnancies as early as 23 weeks’ gestation.6

Unsaturated
phosphatidylcholine
20%

Phosphatidylglycerol
8%

Saturated
phosphatidylcholine 
50%

Other phospholipids
6%
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Gender and race do not influence the protective effect of corti
costeroids. In the population of patients with preterm premature 
rupture of the membranes (PPROM), antenatal corticosteroids 
also reduce the frequency of RDS.

Corticosteroids also accelerate maturation o f other organs 
in the developing fetus, including the cardiovascular, gas
trointestinal (GI), and central nervous systems. Corticoste
roid therapy reduces the chances of periventricular hemorrhage 
(PVH) and intraventricular hemorrhage (IVH) in addition to 
necrotizing enterocolitis (NEC).5 The significant reductions in 
serious neonatal morbidity are also reflected in a reduction in 
the risk of early neonatal mortality. The short-term beneficial 
effects of antenatal corticosteroids are enhanced by reassuring 
reports about long-term outcome. The children of mothers 
treated with antenatal corticosteroids show no lag in intellectual 
or motor development, no increase in learning disabilities or 
behavioral disturbances, and no effect on growth compared with 
untreated infants.7'8

Since the advent of antenatal steroids for the prevention of 
RDS, other therapies have been introduced that decrease mortal
ity and morbidity. Surfactant replacement therapy to treat 
specifically the surfactant deficiency that is the cause o f RDS 
has been shown to decrease mortality and the severity o f 
RDS.9 The effects o f antenatal corticosteroids and postnatal 
surfactant appear to be additive in terms o f decreasing the 
severity o f RDS and the mortality caused by it.10

First Breaths
A critical step in the transition from intrauterine to extra- 
uterine life is the conversion o f the lung from a fluid-filled 
organ to one capable o f gas exchange. This requires aeration 
of the lungs, establishment of an adequate pulmonary circula
tion, ventilation of the aerated parenchyma, and diffusion of 
oxygen and carbon dioxide through the alveolar-capillary mem
branes. This process has its origins in utero as fetal breathing.

Fetal Breathing
Fetal respiratory activity is initially detectable at 11 weeks. The 
most prevalent pattern is rapid, small-amplitude movements 
(60 to 90 per minute), which are present 60% to 80% of the 
time. Less commonly, irregular low-amplitude movements inter
spersed with slower, larger amplitude movements are seen.11 
Initially, fetal breathing was thought to depend on behavioral 
influences. However, subsequent work has shown responses 
to chemical stimuli and other agents. Acute hypercapnea stimu
lates breathing. Hypoxia abolishes fetal breathing, whereas an 
increase in oxygen tension to levels above 200 mm Hg induces 
continuous fetal breathing. Although peripheral and central 
chemoreflexes— as well as vagal afferent reflexes— can be dem
onstrated in the fetus, their role in spontaneous fetal breathing 
appears to be minimal. The role of fetal breathing in the con
tinuum from fetal to neonatal life is still not completely under
stood. Fetal respiratory activity is probably essential to the 
development o f chest wall muscles, including the diaphragm, 
and serves as a regulator o f lung fluid volume and thus lung 
growth.

The mechanism responsible for the transition from intermit
tent fetal to continuous neonatal breathing is unknown. Pros
taglandins may be involved in addition to other factors that 
surround birth, including blood gas changes and various sensory 
stimuli. Another possibility is the “release” from a placental 
inhibitory factor that is removed after cord occlusion.

Mechanics of the First Breath
W ith its first breaths, the neonate must overcome several 
forces that resist lung expansion: (1) viscosity o f fetal lung 
fluid, (2) resistance provided by lung tissue itself, and (3) the 
forces o f surface tension at the air-liquid interface.1214 Viscos
ity of fetal lung fluid is a major factor as the neonate attempts 
to displace fluid present in the large airways. As the passage of 
air moves toward small airways and alveoli, surface tension 
becomes more important. Resistance to expansion by the lung 
tissue itself is less significant. The process begins as the infant 
passes through the birth canal; the intrathoracic pressure caused 
by vaginal squeeze is up to 200 cm H2O. W ith delivery of the 
head, approximately 5 to 28 mL of tracheal fluid is expressed. 
Subsequent delivery of the thorax causes an elastic recoil of the 
chest. W ith this recoil, a small passive inspiration (no more than 
2 mL) occurs. This is accompanied by glossopharyngeal forcing 
of some air into the proximal airways {frog breathing) and the 
introduction of some blood into pulmonary capillaries. This 
pulmonary vascular pressure may have a role in producing con
tinuous surfaces throughout the small airways of the lung, into 
which surfactant can deploy.

The initial breath is characteristically a short inspiration, 
followed by a more prolonged expiration.13 The initial breath 
begins with no air volume and no transpulmonary pressure 
gradient. Considerable negative intrathoracic pressure during 
inspiration is provided by diaphragmatic contraction and chest 
wall expansion. An opening pressure of about 25 cm H2O 
usually is necessary to overcome surface tension in the smaller 
airways and alveoli before air begins to enter. The volume of 
this first breath varies between 30 and 67 mL and correlates 
with intrathoracic pressure. The expiratory phase is prolonged, 
because the infant’s expiration is opposed by intermittent closure 
at the pharyngolaryngeal level with the generation of significant 
positive intrathoracic pressure. This pressure serves to aid both 
in maintenance of a functional residual capacity (FRC) and with 
fluid removal from the air sacs. The residual volume after this 
first breath ranges between 4 and 30 mL, averaging 16 to 20 mL. 
No major systematic differences are apparent among the first 
three breaths, which demonstrate similar pressure patterns of 
decreasing magnitude. The FRC rapidly increases with the first 
several breaths and then increases more gradually. By 30 minutes 
of age, most infants attain a normal FRC with uniform lung 
expansion. The presence o f functional surfactant is instru
mental in the accumulation o f an FRC.

In utero, alveoli are open and stable at a nearly neonatal lung 
volume because they are filled with fetal lung liquid, probably 
produced by ultrafiltration of pulmonary capillary blood as 
well as by secretion by alveolar cells. Transepithelial chloride 
secretion appears to be a major factor responsible for the produc
tion of luminal liquid in the fetal lung. Normal expansion and 
aeration o f the neonatal lung is dependent on removal of 
fetal lung liquid. Liquid is removed by a combination of 
mechanical drainage and absorption across the lung epi
thelium.1' This process begins before a normal term birth 
because o f decreased fluid secretion and increased absorp
tion. Once labor is initiated, a reversal o f liquid flow occurs 
across the lung epithelium. Active transcellular sodium absorp
tion drives liquid from the lumen to the interstitial space, where it 
is drained through the pulmonary circulation and lymphatics.16 
In normal circumstances, the process is complete within 2 hours 
of birth. Cesarean-delivered infants without benefit of labor and 
premature infants have delayed lung fluid clearance. In both
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FIG 22-5 The fetal circulation.

groups, the prenatal decrease in lung water does not occur. In 
addition, in the premature neonate, fluid clearance is diminished 
by increased alveolar surface tension, increased left atrial pres
sure, and hypoproteinemia.

Circulatory Transition
The circulation in the fetus (Fig. 22-5) has been studied in a 
variety o f species using several techniques (see Chapter 2 ).1718 
Umbilical venous blood returning from the placenta has a 
PO2 of about 30 to 35 mm Hg. Because of the left-shifted 
fetal hemoglobin-oxyhemoglobin disassociation curve, this cor
responds to a saturation of 80% to 90%. About 60% of this 
blood perfuses the liver, m ainly to the middle and left lobes, 
and it ultimately enters the inferior vena cava (IVC) through 
the hepatic veins. The remainder (40% in mid-gestation, 20% 
at term) bypasses the hepatic circulation through the ductus 
venosus and empties directly into the IVC. Because of streaming 
in the IVC, the more oxygenated blood from the ductus venosus 
and left hepatic vein, as it enters the heart, is deflected by the 
crista dividens through the foramen ovale to the left atrium. The 
remainder of left atrial blood is the small amount of venous 
return from the pulmonary circulation. The less oxygenated IVC

blood from the lower body and the renal, mesenteric, and right 
hepatic veins streams across the tricuspid valve to the right ven
tricle. Almost all the return from the superior vena cava (SVC) 
and the coronary sinus passes through the tricuspid valve to the 
right ventricle, with only 2% to 3% crossing the foramen ovale. 
In the near-term fetus, the combined ventricular output is about 
450 mL/kg/min; two thirds from the right ventricle and one 
third from the left ventricle. The blood in the left ventricle has 
a PO2 of 25 to 28 mm Hg (saturation of 60%) and is distributed 
to the coronary circulation, brain, head, and upper extremities 
with the remainder (10% of combined output) passing into 
the descending aorta. The major portion of the right ventricu
lar output (60% of combined output) is carried by the ductus 
arteriosus to the descending aorta, with only 7% of combined 
output going to the lungs. Thus 70% of combined output passes 
through the descending aorta, with a PO2 of 20 to 23 mm Hg 
(saturation of 55%) to supply the abdominal viscera and lower 
extremities. Forty-five percent of combined output goes through 
the umbilical arteries to the placenta. Thus blood o f a higher 
PO2 supplies the critical coronary and cerebral circulations, 
and umbilical venous blood is diverted to where oxygenation 
is critical.
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474 Section IV Postpartum Care

The diversion o f right ventricular output away from the 
lungs through the ductus arteriosus is caused by the very 
high pulmonary vascular resistance (PVR) in the fetus. This 
high PVR is maintained by multiple mechanisms. W ith advanc
ing gestational age, an increase in the number of small pulmo
nary vessels occurs that increases the cross-sectional area of the 
pulmonary vasculature. This contributes to the gradual decline 
in PVR that begins during later gestation (Fig. 22-6). With  
delivery, a variety o f factors interact to decrease PVR acutely; 
these include mechanical ventilation, increased oxygen 
tension, and the production o f endothelium-derived relaxing 
factor or nitric oxide (NO).19

W ith the increase in pulmonary flow, left atrial return increases 
with a rise in left atrial pressure (Table 22-1). In addition, with 
the removal of the placenta, I VC return to the right atrium is 
diminished. The foramen ovale is a flap valve, and when left 
atrial pressure increases over that on the right side, the opening 
is functionally closed. It is still possible to demonstrate patency 
with insignificant right-to-left shunts in the first 12 hours of life 
in a human neonate, but in a 7- to 12-day newborn, such a 
shunt is rarely seen. Anatomic closure is not complete for a 
longer time.

TABLE 22-1 PRESSURES IN THE
PERINATAL CIRCULATION

FETAL (m m  Hg) N E O N A T A L  (m m  Hg)

Right atrium 4 5
Right ventricle 65/10 40/5
Pulmonary artery 65/40 40/25
Left atrium 3 7
Left ventricle 60/7 70/10
Aorta 60/40 70/45

Modified from Nelson NM. Respiration and circulation after birth. In Smith CA, Nelson 
NM (eds): The Physiology o f  th e N ewborn Infant, 4th ed. Springfield, IL: Charles C. 
Thomas; 1976:117.

W ith occlusion o f the umbilical cord, the low-resistance 
placental circulation is interrupted, which causes an increase 
in systemic pressure. This coupled with the decrease in PVR 
serves to reverse the shunt through the ductus arteriosus 
to a predominantly left-to-right shunt. By 15 hours of age, 
shunting in either direction is physiologically insignificant. 
Although functionally closed by 4 days, the ductus arteriosus is 
not anatomically occluded for 1 month. The role of an increased 
oxygen environment and prostaglandin metabolism in ductal 
closure is well established. Ductal closure occurs in two phases: 
constriction and anatomic occlusion. Initially, the muscular 
wall constricts, followed by permanent closure achieved by 
endothelial destruction, subintimal proliferation, and con
nective tissue formation. 11 The ductus venosus is functionally 
occluded shortly after the umbilical circulation is interrupted.

ABNORMALITIES OF 
CARDIOPULMONARY TRANSITION 
Birth Asphyxia
Even normal infants may experience some limitation o f oxy
genation (asphyxia) during the birth process. A variety of 
circumstances can exaggerate this problem and can result in 
respiratory depression in the infant, including (1) acute 
interruption o f umbilical blood flow, as occurs during cord 
compression; (2) premature placental separation; (3) mater
nal hypotension or hypoxia; (4) any o f the above-mentioned 
problems superimposed on chronic uteroplacental insuffi
ciency; and (5) failure to execute a proper resuscitation. 
Other contributing factors include anesthetics and analgesics 
used in the mother, mode and difficulty o f delivery, maternal 
health, and prematurity.

The neonatal response to asphyxia follows a predictable 
pattern. Dawes21 investigated the responses of the newborn 
rhesus monkey (Fig. 22-7). After delivery the umbilical cord was
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FIG 22-6 Representative changes in pulmonary hemodynamics during 
transition from the late-term fetal circulation to the neonatal circula
tion. (Modified from Rudolph AM. Fetal circulation and cardiovascular 
adjustments after birth. In Rudolph CD, Rudolph AM, Hostetter MK, 
et al [eds]: Rudolph's Pediatrics, 21st ed. New York: McGraw-Hill; 
2003:1749.)
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FIG 22-7 Schematic depiction of changes in rhesus monkeys during 
asphyxia and on resuscitation by positive-pressure ventilation. (Modi
fied from Dawes GS. Foetal and Neonatal Physiology. Chicago: Year 
Book; 1968.)
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tied, and the monkey’s head was placed in a saline-filled plastic 
bag. W ithin about 30 seconds, a short series of respiratory efforts 
began. These were interrupted by a convulsion or a series of 
clonic movements accompanied by an abrupt fall in heart rate. 
The animal then lay inert with no muscle tone. Skin color 
became progressively cyanotic and then blotchy because of vaso
constriction in an effort to maintain systemic blood pressure. 
This initial period of apnea lasted about 30 to 60 seconds. The 
monkey then began to gasp at a rate of three to six breaths per 
minute. The gasping lasted for about 8 minutes, becoming 
weaker terminally. The time from onset of asphyxia to last gasp 
could be related to postnatal age and m aturity at birth; the more 
immature the animal, the longer the time. Secondary or terminal 
apnea followed, and if  resuscitation was not quickly initiated, 
death ensued. As the animal progressed through the phase of 
gasping and then on to terminal apnea, heart rate and blood 
pressure continued to fall, which indicated hypoxic depression 
of myocardial function. As the heart failed, blood flow to critical 
organs decreased and resulted in organ injury.

The response to resuscitation is qualitatively similar in many 
species, including humans. During the first period of apnea, 
almost any physical or chemical stimulus causes the animal to 
breathe. If gasping has already ceased, the first sign of recovery 
with initiation of positive-pressure ventilation is an increase in 
heart rate. The blood pressure then rises, rapidly if  the last gasp 
has only just passed, but more slowly if  the duration of asphyxia 
has been longer. The skin then becomes pink, and gasping 
ensues. Rhythmic spontaneous respiratory efforts become estab
lished after a further interval. For each minute past the last gasp,
2 minutes of positive-pressure breathing is required before 
gasping begins, and it takes 4 minutes to reach rhythmic breath
ing. Later, the spinal and corneal reflexes return. Muscle tone 
gradually improves over the course of several hours.

D elivery Room  M an ag em en t of th e N ew born
A number o f situations during pregnancy, labor, and delivery 
place the infant at increased risk for asphyxia: (1) maternal 
diseases, such as diabetes mellitus and hypertension, in 
addition to third-trimester bleeding and prolonged rupture 
o f membranes; (2) fetal conditions, such as prematurity, 
multiple gestation, growth restriction, fetal anomalies, and 
rhesus isoimmunization; and (3) conditions related to labor 
and delivery, including fetal distress, meconium staining, 
breech presentation, and administration o f anesthetics and 
analgesics.

W hen an asphyxiated infant is expected, a resuscitation team 
should be in the delivery room. The team should comprise at 
least two people, one to manage the airway and one to monitor 
heart rate and provide whatever assistance is needed. The neces
sary equipment for an adequate resuscitation is listed in Table 
22-2. The equipment should be checked regularly and should 
be in a continuous state of readiness. The steps in the resuscita
tion process22 are outlined in the algorithm in Figure 22-8. 
Some key points o f the algorithm follow.
1. Do not allow the infant to become hyperthermic under the 

warmer.
2. The best criteria to use for assessing the infant’s condition are 

respiratory effort— whether it is apneic, gasping, or regular— 
and heart rate (>100 or <100; Table 22-3).

3. Most neonates can be effectively resuscitated with a bag 
and face mask. The proper bagging devices are pictured in 
Figure 22-9. In addition, a T-piece resuscitator can be used.

TABLE 22-2 EQUIPMENT FOR 
NEONATAL RESUSCITATION

CLINICAL NEEDS

Thermoregulation

Airway management

Gastric decompression 
Administration of 

drugs/volume

Transport

EQUIPMENT

Radiant heat source with platform, mattress 
covered with warm sterile blankets, servo 
control heating, temperature probe 

Suction: Bulb suction, meconium aspirator, 
wall vacuum suction with sterile catheters 

Ventilation: Manual infant resuscitation bag 
connected to a pressure manometer capable 
of delivering 100% oxygen, appropriate 
masks for term and preterm infants, oral 
airways, stethoscope, gloves, compressed air 
source with oxygen blender, pulse oximeters, 
and probe (optional)

Intubation: Neonatal laryngoscope with #0 
and # 1 blades; extra bulbs and batteries; 
endotracheal tubes 2.5, 3.0, 3.5, and 
4.0 mm OD with stylet; scissors and tape; 
and end-tidal C 0 2 detection device 

Nasogastric tube, 8 Fr with 20-mL syringe 
Sterile gloves and sterile umbilical

catheterization tray with scalpel or scissors, 
antiseptic prep solution, umbilical tape, 
three-way stopcock, umbilical catheters (3.5 
and 5 Fr), volume expanders (normal saline), 
drug box with appropriate neonatal vials and 
dilutions (see Table 22-5), sterile syringes 
and needles

Warmed transport isolette with an oxygen source

TABLE 22-3 THE APGAR SCORING SYSTEM

SIGN 0 1 2

Heart rate Absent <100 beats/min >100 beats/min
Respiratory Apneic Weak, irregular Regular

effort gasping
Reflex No response Some response Facial grimace,

irritability* sneeze, cough
Muscle tone Flaccid Some flexion of Good flexion

arms and legs
Color Blue, pale hands Body pink Pink

and blue feet

Modified from Apgar V. A proposal for a new method of evaluation of the newborn 
infant. Anesth Analg. 1953;32:260.
*Elicited by suctioning the oropharynx and nose.

For the initial inflations, pressures of 30 to 40 cm H2O may 
be necessary to overcome surface active forces in the lungs. 
Adequacy of ventilation is assessed by observing expansion 
of the infant’s chest with bagging and watching for a gradual 
improvement in color, perfusion, and heart rate. Rate of 
bagging should be 40 to 60 beats/min. If the infant does not 
initially respond to bag and mask ventilation, try to reposi
tion the head in slight extension, reapply the mask to achieve 
a good seal, consider suctioning the mouth and oropharynx, 
and try ventilating with the mouth open. It may be necessary 
to increase the pressure used. However, if  no favorable 
response is seen in 30 to 40 seconds, proceed to intubation 
(Fig. 22-10).

4. Failure to respond to intubation and ventilation can result 
from mechanical causes or severe asphyxia. The mechanical 
causes listed in Table 22-4 should quickly be ruled out.

5. It is very unusual for a neonatal resuscitation to require either 
cardiac massage or drugs, and almost all newborns respond 
to ventilation with supplemental oxygen. If compressions are
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FIG 22-8 Delivery room management of the newborn. CPAP, continuous positive airway pressure; HR, heart rate; IV, intravenous; PPV, positive 
pressure ventilation; SP02, peripheral capillary oxygen saturation. (From the American Heart Association and American Academy of Pediatrics. 
Neonatal Resuscitation Textbook, Elk Grove, IL; 2011.)

TABLE 22-4 MECHANICAL CAUSES OF 
FAILED RESUSCITATION

CATEGORY EXAMPLES

Equipment failure Malfunctioning bag, oxygen not
connected or running

Endotracheal tube malposition Esophagus, right mainstem bronchus
Occluded endotracheal tube
Insufficient inflation pressure to

expand lungs
Space-occupying lesions in the Pneumothorax, pleural effusions,

thorax diaphragmatic hernia
Pulmonary hypoplasia Extreme prematurity,

oligohydramnios

required, they need to be coordinated with bagging at a 3 :1  
ratio (90 compressions to 30 breaths/min). It is even less 
common to need medications (Table 22-5). The optimal 
delivery route is through an umbilical venous line.

6. The appropriateness of continued resuscitative efforts should 
always be reevaluated in an infant who fails to respond to all 
of the previously mentioned efforts. Today, resuscitative 
efforts are made even in “apparent stillbirths,” that is, infants 
whose 1-min Apgar scores are 0 to 1. However, efforts should 
not be sustained in the face of little or no improvement 
despite an appropriate resuscitation over a reasonable period 
of time (i.e., 10 to 15 minutes).22
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Flowmeter

A B
FIG 22-9 Bags used for neonatal resuscitation. A, A flow-inflating bag with a pressure manometer and flow-control valve. B, A self-inflating bag 
with an oxygen reservoir to maintain 90% to 100% oxygen. (From the American Heart Association and American Academy of Pediatrics. Neo
natal Resuscitation Textbook, Elk Grove, IL; 2000.)

FIG 22-10 Anatomy of laryngoscopy for endotracheal intubation. (From 
the American Heart Association and American Academy of Pediatrics. 
Neonatal Resuscitation Textbook, Elk Grove, IL 2000.)

TABLE 22-5 NEONATAL DRUG DOSES

DRUG DOSE ROUTE HOW SUPPLIED

Epinephrine 0.1 to 0.3 mL/kg IV or ET 1:10,000 dilution
Sodium 1 to 2 mEq/kg IV 0.5 mEq/mL (4.2%

bicarbonate* solution)
Normal saline, 10 mL/kg IV

whole
blood+

Naloxone* 0.1 mg/kg IV, ET 1 mg/mL IM, SC11

Modified from the American Heart Association and American Academy of Pediatrics. 
N eonatal Resuscitation Textbook. American Heart Association and American Academy of 
Pediatrics; 2006.
*For correction of metabolic acidosis only after adequate ventilation has been achieved; 
give slowly over several minutes. There is no evidence to support routine use. 
fInfuse slowly over 5 to 10 minutes.
^Insufficient evidence to support safety and efficacy of subcutaneous dose.
Use after proceeding with proper airway management and other resuscitative techniques. 

ET, endotracheal; IM, intramuscular; IV, intravenous; SC, subcutaneous.

Resuscitation of term newborns should begin with room air 
because of the potential harmful effects of 100% oxygen, in 
particular the generation of oxygen free radicals.23,24 Oxygen 
should be used and titrated to achieve normal saturations for 
age in minutes (see Fig. 22-8).22 If resuscitation is started with 
room air and no improvement is seen, supplemental oxygen can 
be given. Normal healthy term infants require approximately
10 to 15 minutes to achieve oxygen saturations above 90% .2S

A few special circumstances merit discussion at this point. 
Infants in whom respiratory depression secondary to narcotic 
administration is suspected may be given naloxone, although 
evidence to support efficacy is limited. However, this should not 
be done until the airway has been managed and the infant is 
resuscitated in the usual fashion. In addition, naloxone should 
not be given to the infant of an addicted mother because it will 
precipitate withdrawal.

A second special group are the preterm infants. Minimizing 
heat loss improves survival, so prewarmed towels should be 
available, and the environmental temperature of the delivery 
suite should be raised. The infant should be placed in a plastic 
covering after birth to minimize evaporative heat loss.26 In the 
infant with an extremely low birthweight (<1000 g), proceed 
quickly to administration of continuous positive airway pressure 
(CPAP) and consider early intubation for surfactant adminis
tration. Volume expanders should be infused slowly to avoid 
rapid swings in blood pressure. Resuscitation in preterm infants 
should begin with 21% to 30% oxygen.24,27

A third special circumstance is the presence of meconium- 
stained amniotic fluid. Meconium aspiration syndrome (MAS) 
is a form of aspiration pneumonia that occurs most often in term 
or postterm infants who have passed meconium in utero (7% 
to 20% of all deliveries)."s Overall, 2% to 9% o f children born 
through meconium-stained fluid are diagnosed with MAS.28 
Delivery room management of meconium in the amniotic fluid 
has been historically based on the notion that aspiration takes 
place with the initiation of extrauterine respiration and that the 
pathologic condition is related to the aspirated contents, which 
resulted in the practice of oropharyngeal suction on the perineum 
after delivery of the head, followed by airway visualization and 
suction by the resuscitator after delivery. However, both of the 
foregoing assumptions are not entirely true. In utero aspiration 
has been induced in animal models and confirmed in autopsies 
of human stillbirths. In addition, the combined suction approach 
has not been uniformly successful in decreasing the incidence of 
MAS. These data have been confirmed by a large multi center, 
prospective, randomized controlled trial (RCT) that assessed 
selective intubation of apparently vigorous meconium-stained 
infants.29 Compared with expectant management, intubation 
and tracheal suction did not result in a decreased incidence of
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MAS or other respiratory disorders. Finally, oropharyngeal 
suction on the perineum before delivery of the shoulders does 
not prevent MAS.30 The current recommended approach to 
meconium in the amniotic fluid is as follows:
1. The obstetrician carefully performs bulb suctioning of the 

oropharynx and nasopharynx after delivery of the baby.
2. If the baby is active and breathing and requires no resuscita

tion, the airway need not be inspected, thus avoiding the risk 
of inducing vagal bradycardia.

3. Any infant in need of resuscitation does not need the airway 
inspected and suctioned before instituting positive-pressure 
ventilation.

4. Suction the stomach when airway management is complete 
and vital signs are stable.

Cord Clamping
Although delayed cord clamping is not currently part of the 
Neonatal Resuscitation Program (NRP), the practice is now 
recommended for both term and preterm births. Historically, 
clamping and cutting of the umbilical cord took place within 
seconds; however, it has been found that delaying this separation 
of the newborn from the placental circulation for 30 to 60 
seconds results in (1) a more gradual perinatal transition after 
birth, (2) transfusion of placental blood to the newborn, and 
(3) a variety of improved outcomes, in particular, for preterm 
newborns.31'33 This practice is now endorsed for preterm births 
by the American College of Obstetricians and Gynecologists 
(ACOG), although specific patient populations and situations 
require further study.33

Sequelae of Birth Asphyxia
The incidence o f birth asphyxia is about 0.1%  in term infants, 
with an increased incidence in infants at lower gestational 
ages.'1 The acute sequelae that need to be managed in the 
neonatal period are listed in Table 22-6. W ith asphyxia, wide
spread organ injury is evident. Management focuses on sup
portive care and treatment of specific abnormalities; this includes 
careful fluid management, blood pressure support, intravenous 
(IV) glucose, and treatment of seizures. Phenobarbital (40 mg/ 
kg) given 1 to 6 hours after the event as neuroprotective therapy 
is associated with an improved neurologic outcome. Especially 
i f  started within the first 6 hours o f life, hypothermia (whole 
body or selective head cooling) improves outcomes at 6 to 7 
years o f age.35'37 The roles of oxygen free-radical scavengers, 
excitatory amino acid antagonists, and calcium channel blockers

TABLE 22-6 ACUTE SEQUELAE OF ASPHYXIA

SYSTEM MANIFESTATIONS

Central nervous Cerebral edema, seizures, hemorrhage, hypoxic-
ischemic encephalopathy

Cardiac Papillary muscle necrosis, transient tricuspid
insufficiency, cardiogenic shock

Pulmonary Aspiration syndromes (meconium, clear fluid),
acquired surfactant deficiency, persistent pulmonary
hypertension, pulmonary hemorrhage

Renal Acute tubular necrosis with anuria or oliguria
Adrenal Hemorrhage with adrenal insufficiency
Hepatic Enzyme elevations, liver failure
Gastrointestinal Necrotizing enterocolitis, feeding intolerance
Metabolic Hypoglycemia, hypocalcemia
Hematologic Coagulation disorders, thrombocytopenia

in minimizing cerebral injury after asphyxia are still being 
investigated.

If the infant survives, the major long-term concern is perma
nent central nervous system (CNS) damage. The challenge lies 
in the identification of criteria that can provide information 
about the risk of future problems for a given infant. A variety 
of markers have been examined to identify birth asphyxia and 
risk for adverse neurologic outcome. Marked fetal bradycardia 
is associated with increased risk, but use of electronic fetal moni
toring and cesarean delivery have not altered the incidence of 
cerebral palsy over the last several decades. Low Apgar scores 
at 1 and 5 minutes are not predictive, but infants with low 
scores that persist at 15 and 20 minutes after birth have a 
50% chance o f manifesting cerebral palsy i f  they survive. 
Cord pH is predictive o f adverse outcome only i f  the pH 
is less than 7. The best predictor o f outcome is the severity 
of the neonatal neurologic syndrom e.s Infants with mild 
encephalopathy survive and are normal on follow-up exami
nation. Moderate encephalopathy carries a 25% to 50% risk 
of severe handicap or death, whereas the severe syndrome 
carries a greater than 75% risk of death or disability. Although 
outcomes are improved with hypothermia initiated in the 
first 6 hours of life, these patients remain at high risk for poor 
neurodevelopment.35'37 Diagnostic aids that include electroen
cephalograms and magnetic resonance imaging (MRI) scans 
can also aid in predicting outcome. The circulatory response 
to hypoxia is to redistribute blood flow to provide adequate 
oxygen delivery to critical organs (e.g., brain, heart) at the 
expense of other organs. Thus an insult severe enough to damage 
the brain should be accompanied by evidence of other organ 
dysfunction.

The long-term neurologic sequelae o f intrapartum asphyxia 
are cerebral palsy with or without associated cognitive defi
cits and epilepsy. Although cerebral palsy can be related to 
intrapartum events, the large majority of cases are of unknown 
causes. Furthermore, cognitive deficits and epilepsy, unless asso
ciated with cerebral palsy, cannot be related to asphyxia or to 
other intrapartum events. To attribute cerebral palsy to peri
partum asphyxia, there must be an absence o f other demon
strable causes, substantial or prolonged intrapartum asphyxia 
(fetal heart rate abnormalities, fetal acidosis), and clinical 
evidence during the first days o f life o f neurologic dysfunc
tion in the infant (Box 22 -1).39

BIRTH INJURIES
Birth injuries are those sustained during labor and delivery. 
Factors that predispose to birth injury include macrosomia, 
cephalopelvic disproportion, shoulder dystocia, prolonged 
or difficult labor, precipitous delivery, abnormal presenta
tions (including breech), and use o f operative vaginal deliv
ery.40 Injuries range from minor, requiring no therapy, to life 
threatening (Table 22-7).

Soft tissue injuries are most common. Most are related to 
dystocia and to the use of operative vaginal delivery. Accidental 
lacerations of the scalp, buttocks, and thighs may be inflicted 
with the scalpel during cesarean delivery. Cumulatively, these 
injuries are of a minor nature and respond well to therapy. Hy
perbilirubinemia, particularly in the premature infant, is the 
major neonatal complication related to soft tissue bruising.

A cephalohematoma occurs in 0.2% to 2.5%  of live births. 
Caused by rupture of blood vessels that traverse from the skull
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BOX 22-1 RELATIONSHIP OF INTRAPARTUM EVENTS 
AND CEREBRAL PALSY

Neonatal Signs Consistent W ith an Acute Peripartum  
or Intrapartum  Event

• Evidence of a metabolic acidemia in fetal umbilical cord 
arterial blood obtained at delivery (pH <7 .0 0  and base 
deficit > 12  mmol/L)

• Apgar score of less than 5 at 5 and 10 min
• Neuroimaging evidence of acute brain injury seen on 

brain magnetic resonance imaging or magnetic 
resonance spectroscopy consistent with 
hypoxia-ischemia

• Presence of multisystem organ failure consistent with 
hypoxic-ischemic encephalopathy

Type and Timing of Contributing Factors Consistent 
With an Acute Peripartum or Intrapartum  Event

• Sentinel hypoxic or ischemic event occurring 
immediately before or during labor and delivery such as 
a severe placental abruption

• Fetal heart rate monitor patterns consistent with an 
acute peripartum or intrapartum event

• Tim ing and type of brain injury patterns based on 
imaging studies consistent with an etiology of an acute 
peripartum or intrapartum event

• No evidence of other proximal or distal factors that 
could be contributing factors

Developmental Outcome Is Spastic Quadriplegia or 
Dyskinetic Cerebral Palsy

Modified from  American College o f Obstetricians and Gynecologists 
(ACOG), American Academy of Pediatrics (AAP). Neonatal Encephalopa
thy and Neurologic Outcome. W ashington DC: ACOG; 2014.

TABLE 22-7 BIRTH INJURIES

CLASSIFICATION

Soft tissue injuries* 
Extracranial bleeding 
Intracranial hemorrhage

Nerve injuries

Fractures

Dislocations 
Eye injuries

Torticollis1 
Spinal cord injuries 
Visceral rupture 
Scalp laceration* 
Scalp abscess

EXAMPLE

Lacerations, abrasions, fat necrosis 
Cephalohematoma,* subgaleal bleed 
Subarachnoid, subdural, epidural, cerebral, 

cerebellar
Facial nerve,* cervical nerve roots (brachial 

plexus palsies,* phrenic nerve, Horner 
syndrome), recurrent laryngeal nerve (vocal 
cord paralysis)

Clavicle,* facial bones, humerus, femur, skull, 
nasal bones 

Extremities, nasal septum 
Subconjunctival* and retinal hemorrhages, 

orbital fracture, corneal laceration, breaks 
in Descemet membrane with corneal 
opacification

Liver, spleen
Fetal scalp electrode, scalpel 
Fetal scalp electrode

*More common occurrences.
Secondary to hemorrhage into the sternocleidomastoid muscle.

to the periosteum, the bleeding is subperiosteal and is therefore 
limited by suture lines; the most common site of bleeding is over 
the parietal bones. Associations include prolonged or difficult 
labor and mechanical trauma from operative vaginal delivery. 
Linear skull fractures beneath the hematoma have been reported

in 5.4% of cases but are of no major consequence except in the 
unlikely event that a leptomeningeal cyst develops. Most cepha- 
lohematomas are reabsorbed in 2 weeks to 3 months. Subgaleal 
bleeds, which are not limited by suture lines, can occur in asso
ciation with vacuum extraction alone— especially with multiple 
pop-offs and prolonged traction— in combination with the use 
of forceps or with difficult forceps deliveries, and they can result 
in life-threatening anemia, hypotension, or consumptive coagu
lopathy. Depressed skull fractures are also seen in neonates, but 
most do not require surgical elevations.

Intracranial hemorrhages related to trauma include epidu
ral, subdural, subarachnoid, and intraparenchymal bleeds.41 
W ith improvements in obstetric care, subdural hemorrhages 
fortunately are now rare. Three major varieties of subdural 
bleeds have been described; (1) posterior fossa hematomas due 
to tentorial laceration with rupture of the straight sinus, vein of 
Galen, or transverse sinus or due to occipital osteodiastasis (a 
separation between the squamous and lateral portions of the 
occipital bone); (2) falx laceration, with rupture of the inferior 
sagittal sinus; and (3) rupture of the superficial cerebral veins. 
The clinical symptoms are related to the location of bleeding. 
W ith tentorial laceration, bleeding is infratentorial, leading to 
brainstem signs and a rapid progression to death. Falx tears cause 
bilateral cerebral signs (e.g., seizures and focal weakness) until 
blood extends infratentorially to the brainstem. Subdural hem
orrhage over the cerebral convexities can cause several clinical 
states that range from an asymptomatic newborn to one with 
seizures and focal neurologic findings. Infants with lacerations 
of the tentorium and falx have a poor outlook. In contrast, the 
prognosis for rupture of the superficial cerebral veins is much 
better, and the majority of survivors are normal. Primary 
subarachnoid hemorrhage is the most common variety o f 
neonatal intracranial hemorrhage.41 Clinically, these infants 
are often asymptomatic, although they may present with a char
acteristic seizure pattern that begins on day 2 of life, and the 
infants are “well” between convulsions. In general, the prognosis 
for subarachnoid bleeds is good.

Trauma to peripheral nerves produces another major group 
of birth injuries. Brachial plexus injuries are caused by stretch
ing o f the cervical roots during delivery, usually when shoul
der dystocia is present. Upper arm palsy (Erb-Duchenne 
paralysis), the most common brachial plexus injury, is caused 
by injury to the fifth and sixth cervical nerves; lower arm 
paralysis (Klumpke paralysis) results from damage to the 
eighth cervical and first thoracic nerves. Damage to all four 
nerve roots produces paralysis o f the entire arm. Outcome for 
these injuries is variable, and some infants are left with signifi
cant residual damage. Horner syndrome as a result of damage 
to sympathetic outflow through nerve root T1 may accompany 
Klumpke paralysis, and approximately 5% of patients with Erb 
paralysis have an associated phrenic nerve paresis. Facial palsy is 
another fairly common injury caused either by pressure from the 
sacral promontory or fetal shoulder as the infant passes through 
the birth canal or by operative vaginal delivery. Most of these 
palsies resolve, although in some infants, paralysis is persistent.

The majority of bone fractures that result from birth trauma 
involve the clavicle and result from shoulder dystocia or breech 
extractions that require vigorous manipulations. Clinically, 
many of these fractures are asymptomatic, and when present, 
symptoms are mild. Prognosis for both clavicular and limb 
fractures is uniformly good. The most commonly fractured long 
bone is the humerus.
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Spinal cord injuries are a relatively infrequent but often 
severe form of birth injury. Accurate incidence is difficult to 
assess, because symptoms mimic other neonatal diseases and 
autopsies often do not include a careful examination of the 
spine. Depressed tone, hyporeflexia, and respiratory failure are 
clues to this diagnosis. Excessive longitudinal traction and head 
rotation during forceps delivery predispose to spinal injury, and 
hyperextension of the head in a footling breech is particularly 
dangerous. Outcomes include death or stillbirth caused by high 
cervical or brainstem lesions, long-term survival of infants with 
paralysis from birth, and minimal neurologic symptoms or 
spasticity.

NEONATAL THERMAL REGULATION 
Physiology
The range o f environmental temperatures over which the 
neonate can survive is narrower than that o f an adult as a 
result o f the infant’s inability to dissipate heat effectively in 
warm environments and, more critically, to maintain tem
perature in response to cold. This range narrows with decreas
ing gestational age.

Although some increases in activity and shivering have been 
observed, nonshivering thermogenesis is the most important 
means o f increased heat production in the cold-stressed 
newborn.4' It can be defined as an increase in total heat pro
duction without detectable (visible or electrical) muscle 
activity. The site o f this increased heat production is brown 
fat located between the scapulae; around the muscles and 
blood vessels o f the neck, axillae, and mediastinum; between 
the esophagus and trachea; and around the kidneys and 
adrenal glands. Brown fat cells contain more mitochondria 
and fat vacuoles and have a richer blood and sympathetic 
nerve supply compared with white fat cells.

Heat loss to the environment is dependent on both an 
internal temperature gradient, from within the body to the 
surface, and an external temperature gradient, from the 
surface to the environment. The infant can change the internal 
gradient by altering vasomotor tone and, to a lesser extent, by 
postural changes that decrease the amount of exposed surface 
area. The external gradient is dependent on purely physical vari
ables. Heat transfer from the surface to the environment 
involves four routes: radiation, convection, conduction, and 
evaporation. Radiant heat loss, heat transfer from a warmer to 
a cooler object that is not in contact, depends on the tempera
ture gradient between the objects. Heat loss by convection to the 
surrounding gaseous environment depends on air speed and 
temperature. Conduction, heat loss to a contacting cooler object, 
is minimal in most circumstances. Heat loss by evaporation is 
cooling secondary to water loss at the rate of 0.6 cal/g water 
evaporated and is affected by relative humidity, air speed, 
exposed surface area, and skin permeability. In infants in exces
sively warm environments, such as those under overhead radiant 
heat sources, or in very immature infants with thin, permeable 
skin, evaporative losses increase considerably. Table 22-8 sum
marizes the neonate’s efforts to maintain a stable core tempera
ture in the face of cold or heat stress. It is advantageous to 
maintain an infant in a neutral thermal environment (Fig.
22-11). The neutral thermal environment for a given infant 
depends on size, gestational age, and postnatal age.43 In general, 
maintaining the abdominal skin temperature at 36.5° C 
minimizes energy expenditure.

TABLE 22-8 NEONATAL RESPONSE TO 
THERMAL STRESS

STRESSOR RESPONSE TERM PRETERM

Cold Vasoconstriction ++ ++
-^Exposed surface area 

(posture change)
± ±

TOxygen consumption ++ +
TMotor activity, shivering + -

Heat Vasodilation ++ ++
Sweating + -

++, Maximum response; +, intermediate; ±, may have a role; —, no response.

CLINICAL APPLICATIONS
Delivery Room
In utero, fetal thermoregulation is the responsibility of the pla
centa and is dependent on maternal core temperature; fetal 
temperature is 0.5° C higher than maternal temperature. At 
birth, the infant’s core temperature drops rapidly from 37.8° C 
because of evaporation from its wet body and radiant and con
vective losses to the cold air and walls of the room. Even with 
an increase in oxygen consumption to the maximum capability 
of the newborn (15 mL/kg/min), the infant can produce only
0.075 cal/kg/min and will rapidly lose heat. Measures taken to 
reduce heat loss after birth depend on the clinical situation. 
For the well term infant, drying the skin and wrapping the 
baby with warm blankets is sufficient. When it is necessary 
to leave an infant exposed for close observation or resuscita
tion, the infant should be dried and placed under a radiant 
heat source. Room temperature can be elevated as an added 
precaution for the low-birthweight infant.

Nursery
Babies are cared for in the newborn nursery wrapped in blankets 
in bassinets (cot-nursed), in isolettes, or under a radiant heat 
source. Healthy full-term infants (>2.5 kg) need only be clothed 
and placed in a bassinet under a blanket. Infants weighing 2 to 
2.5 kg who are either slightly premature or growth restricted 
should be allowed 12 to 24 hours to stabilize in an isolette and 
should then be advanced to a bassinet. Lower-birthweight babies 
(<2 kg) will require care in either isolettes or under radiant heat 
sources. Adequate thermal protection o f the low-birthweight 
(LBW) infant is essential. This is especially important for the 
very-low-birthweight (VLBW) infant (<1.5 kg), who often 
does not behave like a mature homeotherm. These neonates 
can react to a small change in environmental temperature with 
a change in body temperature rather than a change in oxygen 
consumption. In addition, warmer environments hasten growth 
of the premature infant.

The isolette, which heats by convection, is the most com
monly used heating device for the LBW nude infant. The major 
source of heat loss while in a neutral thermal environment is 
radiant to the walls of the isolette. The magnitude of this loss is 
predictable if  room temperature is known, and losses can be 
minimized using double-walled isolettes in which the inner wall 
temperature is very close to the air temperature within the iso
lette. Once clinical status has been stabilized, the infant can be 
dressed, which will afford increased thermal stability.

Radiant warmers can also be used to ensure thermal stability 
of both LBW and full-sized infants. Radiant warmers are 
used most effectively for short-term warming during initial
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FIG 22-11 Effect of environmental temperature on oxygen consumption and body temperature. (Modified from Klaus MH, Fanaroff AA. The 
physical environment. In Klaus MH, Fanaroff AA [eds]: Care o f the High-Risk Neonate, 5th ed. Philadelphia: WB Saunders; 2001:130.)

resuscitation and stabilization and for performing procedures. 
They provide easy access to the infant while ensuring thermal 
stability. The main heat losses are convection, which can be 
significant because of variable air speed in a room, and evapora
tion. Evaporative heat loss that results in significant fluid 
losses is a major concern for the VLBW premature infant 
cared for under a radiant warmer. Placing a plastic shield over 
the infant or covering the skin with a semipermeable membrane 
can minimize these fluid losses.

The most economical means o f thermal support for the 
LBW infant is skin-to-skin contact with a parent. 41

NEONATAL NUTRITION 
AND GASTROENTEROLOGY
At birth, the newborn infant must assume various functions 
performed by the placenta during fetal life. Cardiopulmonary 
transition and thermoregulation have already been discussed. 
The final critical task for the newborn is the assimilation of calo
ries, water, and electrolytes.

Infant Feeding
For the well term or slightly preterm infant, institution of oral 
feedings within the first 2 to 4 hours of life is reasonable practice. 
For infants who are small for gestational age (SGA) or large for 
gestational age (LGA), earlier feedings may be indicated to avoid 
hypoglycemia. Premature infants (<34 weeks’ gestation) who are 
unable to nipple feed present a more complex set of circum
stances. In addition to an inability to suck and swallow

efficiently, such infants face a number of problems: (1) relatively 
high caloric demand; (2) small stomach capacity; (3) incompe
tent esophageal-cardiac sphincter that leads to gastroesophageal 
reflux; (4) poor gag reflex, which creates a tendency for aspira
tion; (5) decreased digestive capability, especially for fat; and (6) 
slow gastric emptying and intestinal motility. These infants can 
initially be supported adequately with parenteral nutrition, fol
lowed by institution of nasogastric tube feedings when their 
cardiopulmonary status is stable.

Although a wide range o f infant formulas satisfy the nutri
tional needs o f most neonates, breast milk remains the 
standard on which formulas are based (see Chapter 24). The 
distribution of calories in human milk is 7% protein, 55% fat, 
and 38% carbohydrate. The whey/casein ratio is 7 0 :3 0 , which 
enhances ease of protein digestion and gastric emptying, whereas 
fat digestion is augmented by the presence of a breast m ilk lipase. 
Despite the low levels of several vitamins and minerals, bioavail
ability is high. In addition to the nutritional features, breast 
milk’s immunochemical and cellular components provide 
protection against infection.0

The growth demands of the LBW infant exceed what can 
be provided by human m ilk in terms of protein, calcium, phos
phorus, sodium, zinc, copper, and possibly other nutrients. 
These shortcomings can be addressed through the addition of 
human milk fortifiers to mother’s preterm breast milk.46 Advan
tages of breast m ilk for the premature infant include its antiin- 
fective properties, possible protection against NEC, and its role 
in enhancing neurodevelopmental outcome.47 The importance 
of breast milk for the preterm infant has been emphasized with
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Section IV Postpartum Care

TABLE 22-9 GUIDELINES FOR SUCCESSFUL BREASTFEEDING

FIRST 8 HR 8 TO 24 HR DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 ON

Milk supply You may be able to express a few Milk shou ld  come in between days 2 and 4. Milk should be Breasts should
drops of milk. in. Breasts 

may be firm 
and may leak 
milk.

feel softer
after
nursing.

Baby’s Baby is usually Wake up your Baby should be Look for early feeding cues such as irooting, lip smacking, Baby should
activity wide awake in baby. Babies more and hands to the face. appear

the first hour may not cooperative satisfied
of life and wake up on and less after
should be put their own to sleepy. feedings.
to the breast feed.
within 30
min.

Feeding Baby may go into Use a chart to write down each feeding time. Baby may go one
routine a deep sleep 2 Feed your baby every 1 to 4 hr or as often as the baby wants to nurse but at longer interval

to 4 hours least 8 to 12 times a day. (up to 5 hr
after birth. between feeds) 

in a 24-hour

Breastfeeding
period.

Baby will wake As long as the Try to nurse on Consider hand Nurse a minimum of 10 to Mother’s
up and be ’ mother is both sides at expressing or 30 min per side every feeding nipple
alert and comfortable, each feeding, pumping a few for the first few weeks of life. tenderness
responsive for nurse at aiming at 10 drops of milk to Once milk supply is well is
several more both breasts min per side. soften the nipple established, allow baby to improving
hours after as long as Expect some if the breast is too finish the first breast before or is gone.
initial sleep. the baby is nipple firm for the baby offering the other one.

actively tenderness. to latch on.
sucking.

Baby’s urine Baby must have Baby must have You should see an Baby’s urine Baby should have
output a minimum at least one increase in wet should six to eight

of one wet wet diaper diapers (four to be light wet diapers
diaper in the every 8 to six) in 24 hr. yellow. per day of
first 24 hr. 11 hr. colorless or 

light yellow 
urine.

Baby’s stools Baby may have Baby may have a Baby’s stools should be in transition Baby should have The number of
a very dark second very from black green to yellow. three to four stools may
(meconium) dark yellow, seedy decrease
stool. (meconium)

stool.
stools a day. gradually 

after 4 to 6 
weeks.

Courtesy Beth Gabrielski, RN, The Childrens Hospital, Denver, Colorado.

the use of donor banked human milk as a bridge until the 
mother is producing an adequate amount of m ilk for her 
infant.48,49

Few contraindications to breastfeeding exist. Infants with 
galactosemia should not ingest lactose-containing milk. Infants 
with other inborn errors of metabolism such as phenylketonuria 
may ingest some human m ilk with close monitoring of the 
amount. The presence of environmental pollutants has been 
documented in breast milk, but to date no serious side effects 
have been reported. Most drugs do not contraindicate breast
feeding, but a few exceptions do exist (see Chapter 8). Trans
mission of some viral infections via breast m ilk is a concern as 
well. Mothers who are human immunodeficiency virus (HIV) 
positive should not breastfeed if safe and effective alternatives 
to breast m ilk are available. The nursery staff must be aware 
of problems associated with breastfeeding, and lactation con
sultants should be available to deal with poor infant latch-on, 
sore nipples, poor m ilk supply, and excessive hyperbiliru
binemia. The obstetrician and pediatrician should serve as a 
source of knowledge and, most importantly, support. Table
22-9 illustrates what a mother can expect as she breastfeeds 
her infant.

Neonatal Hypoglycemia
Glucose is a major fetal fuel transported by facilitated diffusion 
across the placenta. After birth, before an appropriate supply of 
exogenous calories is provided, the newborn must maintain 
blood glucose through endogenous sources. Hepatic glycogen 
stores are almost entirely depleted within the first 12 hours after 
birth in the healthy term neonate and even more rapidly in the 
preterm or stressed infant if  no other glucose source is available. 
Fat and protein stores are then used for energy, and glucose levels 
are maintained by hepatic gluconeogenesis.

In the healthy unstressed neonate, glucose falls over the 
first 1 to 2 hours after birth, stabilizes at a minimum o f about 
40 mg/dL, and then rises to 50 to 80 mg/dL by 3 hours 
o f life. Low glucose concentrations can be defined as less 
than 45 mg/dL. Infants at risk for low blood glucose concen
trations and in whom glucose should be monitored include 
preterm infants, SGA infants, hyperinsulinemic infants 
(infant o f a diabetic mother [IDM]), LGA infants, and in
fants with perinatal stress or asphyxia. As in term babies, 
blood glucose drops after birth in preterm babies, but they are 
less able to mount a counterregulatory response. In addition, the 
presence of respiratory distress, hypothermia, and other factors
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BOX 22-2 ETIOLOGIES OF NEONATAL HYPOGLYCEMIA

I. T ra n s ie n t n e o n a ta l h y p o g ly c e m ia
A. P re te rm  and  IUGR in fa n ts
B. T ra n s ie n t h y p e rin s u lin is m  (ID M )
C. P erina ta l s tress  (h y p o x ia , RDS)

II. P e rs is te n t n e o na ta l h y p o g ly c e m ia
A. H y p e rin s u lin is m

1. P o ta ss iu m -A T P  ch a n ne l
2. G lu co k in a se  h y p e rin s u lin is m
3. G lu ta m a te  d e h y d ro g e n a s e  h y p e rin s u lin is m
4. B e c k w ith -W ie d e m a n n  s y n d ro m e

B. C o u n te rre g u la to ry  h o rm o n e  d e fic ie n c y  
(h y p o p itu ita r is m )

C. In b o rn  e rro rs  o f m e ta b o lis m
1. G ly c o g e n o ly s is  d is o rd e rs
2. G lu c o n e o g e n e s is  d is o rd e rs
3. F a tty  ac id  o x id a tio n  d is o rd e rs

ATP, adenosine triphosphate; IDM, infant o f a diabetic mother; IUGR, 
intrauterine grow th restriction; RDS, respiratory distress syndrome.

can increase glucose demand and exacerbate hypoglycemia. SGA 
infants are at risk for hypoglycemia resulting from rapidly 
utilized glycogen stores and impaired gluconeogenesis and 
ketogenesis. Onset of hypoglycemia in SGA and preterm 
infants usually occurs at 2 to 6 hours of life. Hyperinsulinemia 
occurs in IDMs and in babies with other rare conditions, includ
ing Beckwith-Weidemann syndrome and congenital hyperinsu
linism. Onset of hypoglycemia in these infants can be in the 
first 30 to 60 minutes after birth. In the case of perinatal as
phyxia, hypoglycemia is the result of excessive glucose demand 
and occasionally transient hyperinsulinism.51,52 Infants with re
current hypoglycemia over 3 to 4 days should be evaluated for 
endocrine disorders (hyperinsulinism, decreased counterregula
tory hormones— cortisol, growth hormone, and glucagon) and 
inborn errors of metabolism (Box 22-2).

Symptoms of hypoglycemia include jitteriness, seizures, cya
nosis, respiratory distress, apathy, hypotonia, and eye rolling.50 
However, many infants, particularly premature infants, are 
asymptomatic. Because o f the risk o f subsequent brain injury, 
hypoglycemia should be aggressively treated. However, the 
single best treatment is prevention by identifying infants at 
risk, including premature, SGA, IDM, LGA, and stressed 
infants. These newborns should have blood glucose screened 
with a bedside glucose meter. All values less than or equal to 
45 mg/dL should be confirmed with a laboratory measurement. 
Treatment is initiated by early institution of feedings or an IV 
glucose bolus (2 mL/kg of D 10W  solution) followed by a glucose 
infusion at a rate of 6 mg/kg/min.53

Congenital Gastrointestinal 
Surgical Conditions
Several congenital surgical conditions of the GI tract inter
fere with a normal transition to neonatal life. M any of these 
conditions can be diagnosed with antenatal ultrasound to 
allow transfer of the mother to a perinatal center for delivery. 
Examples include tracheoesophageal fistula and esophageal atre
sia, duodenal atresia, abdominal wall defects (gastroschisis and 
omphalocele), and congenital diaphragmatic hernia (CDH). 
CDH infants are ideally delivered in centers with access 
to advanced therapies such as extracorporeal membrane 
oxygenation (ECMO).

Necrotizing Enterocolitis
NEC is the most common acquired GI emergency in the 
neonatal intensive care unit (NICU). This disorder predomi
nantly affects premature infants, with higher incidences present 
with decreasing gestational age, although it is seen in term 
infants with polycythemia, congenital heart disease, and birth 
asphyxia. The pathogenesis is multifactorial, with intestinal isch
emia, infection, provision of enteral feedings, and gut maturity 
playing roles to varying degrees in individual patients.54 Recent 
research has suggested a critical role for the neonatal intestinal 
microbiome in the pathogenesis of this complication of prema
turity. Use of probiotics appears to be a potentially promising 
preventative therapy, but data are still insufficient for a general 
recommendation for their use.51 Presumably related to changes 
in intestinal circulation, tocolysis with indomethacin has 
been associated with an increased incidence o f NEC, whereas 
antenatal betamethasone may decrease the incidence.

Clinically, the spectrum of disease varies from a mild GI 
disturbance to a rapid fulminant course characterized by 
intestinal gangrene, perforation, sepsis, and shock. The hallmark 
symptoms are abdominal distension, ileus, delayed gastric emp
tying, and bloody stools. The radiographic findings are bowel 
wall edema, pneumatosis intestinalis, biliary free air, and free 
peritoneal air. Associated symptoms include apnea, bradycardia, 
hypotension, and temperature instability. Surgical resection of 
bowel may be necessary with resulting short bowel syndrome in 
survivors. In addition, severe NEC has a negative impact on 
neurodevelopmental outcome.56

Neonatal Jaundice
The most common problem encountered in a term nursery 
population is jaundice. Neonatal hyperbilirubinemia occurs 
when the normal pathways of bilirubin metabolism and excre
tion are altered. Figure 22-12 demonstrates the metabolism of 
bilirubin. The normal destruction of circulating red cells accounts 
for about 75% of the newborn’s daily bilirubin production. The 
remaining sources include ineffective erythropoiesis and tissue 
heme proteins. Heme is converted to bilirubin in the reticulo
endothelial system with carbon monoxide (CO) produced as a 
by-product. Unconjugated bilirubin is lipid soluble and is trans
ported in the plasma reversibly bound to albumin. Bilirubin 
enters the liver cells by dissociation from albumin in the hepatic 
sinusoids. Once in the hepatocyte, bilirubin is conjugated with 
glucuronic acid in a reaction catalyzed by uridine diphospho- 
glucuronosyl transferase (UDPGT). The water-soluble conju
gated bilirubin is excreted rapidly into the bile canaliculi and 
into the small intestine. The enzyme (3-glucuronidase is present 
in the small bowel and hydrolyzes some of the conjugated 
bilirubin. This unconjugated bilirubin can be reabsorbed into 
the circulation, adding to the total unconjugated bilirubin 
load (enterohepatic circulation). Major predisposing factors of 
neonatal jaundice are (1) increased bilirubin load because 
o f increased red cell volume with decreased cell survival, 
increased ineffective erythropoiesis, and the enterohepatic 
circulation; and (2) decreased hepatic uptake, conjugation, 
and excretion o f bilirubin. These factors result in the presence 
of clinically apparent jaundice in approximately two thirds of 
newborns during the first week of life, and in most it is consid
ered physiologic.’7 Infants whose bilirubin levels are above 
the 95th percentile for age in hours and infants in high-risk 
groups to develop hyperbilirubinemia require close follow-up 
(Fig. 22-13 and Box 22-3).58,59
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RE system Early peak

Fecal bilirubin 
urobilinogen (minimal)

FIG 22-12 Neonatal bile pigment metabolism. RBC, red blood cell; RE, 
reticuloendothelial. (Modified from Maisels MJ. Jaundice. In Avery 
GB, Fletcher MA, MacDonald MG, eds. Neonatology: Pathophysiol
ogy and Management o f the Newborn, 5th ed. Philadelphia: Lippin- 
cott, Williams & Wilkins; 1999:765.)

BOX 22-3 RISK FACTORS FOR SIGNIFICANT 
HYPERBILIRUBINEMIA

J a u n d ic e  o b se rve d  a t <24 hr
B lo o d  g ro u p  in c o m p a tib il ity  w ith  p o s itiv e  d ire c t C o o m b s  

te s t
O th e r h e m o ly tic  d isease  (G6PD d e fic ie n cy )
G e sta tio n a l age <35 to  36 w k  
P re v io u s  s ib lin g  nee d in g  p h o to th e ra p y  
C e p h a lo h e m a to m a , su b g a le a l b lo o d  c o lle c tio n , b ru is in g  
E xc lu s ive  b re a s tfe e d in g , e sp e c ia lly  if  it is n o t g o in g  w e ll 
East A s ia n  race

Modified from  American Academy of Pediatrics Subcommittee on Hyper
bilirubinem ia. Management o f hyperbilirubinem ia in the newborn infant 
35 or more weeks gestation. Pediatrics. 2004;114:297.
G6PD, glucose-6-phosphate dehydrogenase.

Pathologic jaundice during the early neonatal period is 
indirect hyperbilirubinemia, usually caused by overproduc
tion o f bilirubin. The leading cause in this group of patients 
is hemolytic disease, of which fetomaternal blood group 
incompatibilities—ABO, Rh, and other minor antibodies— are 
the most common (see Chapter 34). Other causes of hemolysis 
include genetic disorders: specifically, hereditary spherocytosis 
and nonspherocytic hemolytic anemias, such as glucose-6- 
phosphate dehydrogenase (G6PD) deficiency. Other etiologies 
of bilirubin overproduction include extravasated blood (bruis
ing, hemorrhage), polycythemia, and exaggerated enterohepatic 
circulation of bilirubin because of mechanical GI obstruction or 
reduced peristalsis from inadequate oral intake. Disease states 
that involve decreased bilirubin clearance must be considered in 
patients in whom no cause of overproduction can be identified. 
Causes of indirect hyperbilirubinemia in this category include 
familial deficiency of UDPGT (Crigler-Najjar syndrome), 
Gilbert syndrome, breast m ilk jaundice, and hypothyroidism. 
Mixed and direct hyperbilirubinemia are rare during the first 
week of life.

A strong association exists between breastfeeding and neo
natal hyperbilirubinemia. The syndrome of breast m ilk jaun
dice is characterized by full-term infants who have jaundice that 
persists into the second and third weeks of life with maximal 
bilirubin levels of 10 to 30 mg/dL. If breastfeeding is continued, 
the levels persist for 4 to 10 days and then decline to normal by
3 to 12 weeks. Interruption of breastfeeding is associated with 
a prompt decline in 48 hours. In addition to this syndrome, 
breastfed infants as a whole have higher bilirubin levels 
over the first 3 to 5 days o f life than their formula-fed coun
terparts (Fig. 22-14). Rather than interrupting breastfeed
ing, this early jaundice is responsive to increased frequency 
of breastfeeding. Suggested mechanisms for breastfeeding- 
associated jaundice include decreased early caloric intake, inhibi
tors of bilirubin conjugation in breast milk, and increased 
intestinal reabsorption of bilirubin. In some patients, overlap is 
considerable in these described syndromes.

The overriding concern with neonatal hyperbilirubine
mia is the development o f bilirubin toxicity that causes the 
pathologic entity o f kernicterus, the staining of certain areas 
of the brain— basal ganglia, hippocampus, geniculate bodies, 
various brainstem nuclei, and cerebellum— by bilirubin. Neuro
nal necrosis is the dominant histopathologic feature at 7 to 10 
days of life. The early symptoms of bilirubin encephalopathy 
consist of lethargy, hypotonia, and poor feeding that progresses 
to a high-pitched cry, hypertonicity, and opisthotonos. Survivors 
usually suffer sequelae that include athetoid cerebral palsy, high- 
frequency hearing loss, paralysis of upward gaze, and dental 
dysplasia.60,61 The risk o f bilirubin encephalopathy is not 
well defined except in those infants with Rh isoimmuniza
tion in whom a level o f 20 mg/dL has been associated with 
an increased risk o f kernicterus. This observation has been 
extended to the management of other neonates with hemolytic 
disease, although no definitive data exist regarding these infants. 
The risk is probably small for term infants without hemolytic 
disease even at levels higher than 20 mg/dL. Recent descrip
tions o f bilirubin encephalopathy in breastfed infants, and 
in late preterm infants in particular, with dehydration and 
hyperbilirubinemia in whom an adequate supply o f breast 
milk has not been established mandates close follow-up of 
all breastfeeding mothers.6" The true risk for nonhemolytic 
hyperbilirubinemia to produce brain damage in the preterm
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Age (hr)

FIG 22-13 Risk of developing significant hyperbilirubinemia in term and near-term infants based on hour-specific bilirubin determinations. (From 
Bhutani VK, Johnson L, Sivieri EM. Predictive ability of a predischarge hour-specific serum bilirubin for subsequent significant hyperbilirubinemia 
in healthy term and near-term newborns. Pediatrics. 1999; 103:6.)

Maximum total serum bilirubin concentration (mg/dL)

FIG 22-14 Distribution of maximum serum bilirubin concentrations in white infants who weigh more than 2500 g. (Modified from Maisels MJ, 
Gifford KL. Normal serum bilirubin levels in the newborn and the effect of breast-feeding. Pediatrics. 1986;78:837.)
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486 Section IV Postpartum Care

infant in the current era of liberal use of phototherapy that 
prevents marked elevation of severe bilirubin in these infants is 
unknown. However, most currently available data would suggest 
this risk is low.

NEONATAL HEMATOLOGY 
Anemia
Early hematopoietic cells originate in the yolk sac. By 8 weeks’ 
gestation, erythropoiesis is taking place in the liver, which 
remains the primary site of erythroid production through the 
early fetal period. By 6 months of gestation, the bone marrow 
becomes the principal site of red cell development. Normal 
hemoglobin levels at term range from 13.7 to 20.1 g/dL. In 
the very preterm infant, values as low as 12 g/dL are accept
able. Anemia at birth or appearing in the first few weeks of life 
is the result of blood loss, hemolysis, or underproduction of 
erythrocytes.62 Blood loss that results in anemia can occur pre- 
natally, at the time of delivery, or postnatally. In utero blood loss 
can be the result of fetomaternal bleeding, twin-to-twin transfu
sion, or blood loss resulting from trauma (maternal trauma, 
amniocentesis, external cephalic version). The diagnosis o f feto
maternal hemorrhage significant enough to cause anemia can 
be made using flow cytometry or the Kleihauer-Betke tech
nique o f acid elution to identify fetal cells in the maternal 
circulation. Blood loss at delivery can be caused by umbilical 
cord rupture, incision of the placenta during cesarean delivery, 
placenta previa, or abruptio placentae. Internal hemorrhage can 
occur in the newborn, often related to a difficult delivery. Sites 
include intracranial, cephalohematomas, subgaleal, retroperito
neal, liver capsule, and ruptured spleen. When blood loss has 
been chronic (e.g., fetomaternal), infants will be pale at birth 
but well compensated and without signs of volume loss. The 
initial hematocrit w ill be low. Acute bleeding will present with 
signs of hypovolemia (tachycardia, poor perfusion, hypoten
sion). The initial hematocrit can be normal or decreased, but 
after several hours of equilibration, it will be decreased. Anemia 
caused by hemolysis from blood group incompatibilities is 
common in the newborn period. Less common causes of hemo
lysis include erythrocyte membrane abnormalities, enzyme 
deficiencies, and disorders of hemoglobin synthesis. Impaired 
erythrocyte production is a rare cause of neonatal anemia.

Polycythemia
Elevated hematocrits occur in 1.5% to 4% of live births. 
Although 50% o f polycythemic infants are average for gesta
tional age (AGA), the proportion o f polycythemic infants is 
greater in the SGA and LGA populations. Causes of polycy
themia include twin-to-twin transfusion, maternal-to-fetal 
transfusion, intrapartum transfusion from the placenta associ
ated with fetal distress, chronic intrauterine hypoxia (SGA 
infants, LGA infants of diabetic mothers), delayed cord clamp
ing, and chromosomal abnormalities. The consequence of poly
cythemia is hyperviscosity, which results in impaired perfusion 
of capillary beds. Therefore clinical symptoms can be related to 
any organ system (Table 22-10). Reduction of venous hemato
crit to less than 60% may improve acute symptoms, but it has 
not been shown to improve long-term neurologic outcome.63

Thrombocytopenia
Neonatal thrombocytopenia can be isolated or it can occur 
associated with deficiency o f clotting factors. A differential

TABLE 22-10 ORGAN-RELATED SYMPTOMS 
OF HYPERVISCOSITY

SYSTEM SYMPTOMS

Central nervous system Irritability, jitteriness, seizures, lethargy
Cardiopulmonary Respiratory distress caused by congestive heart 

failure or persistent pulmonary hypertension
Gastrointestinal Vomiting, heme-positive stools, abdominal 

distension, necrotizing enterocolitis
Renal Decreased urine output, renal vein thrombosis
Metabolic Hypoglycemia
Hematologic Hyperbilirubinemia, thrombocytopenia

TABLE 22-11 DIFFERENTIAL DIAGNOSIS OF
NEONATAL THROMBOCYTOPENIA

DIAGNOSIS COMMENTS

Immune Passively acquired antibody (e.g., idiopathic
thrombocytopenic purpura, systemic
lupus erythematosus, drug induced)

Alloimmune sensitization to HPA-la antigen
Infectious Bacterial and congenital viral infections (e.g.,

cytomegalovirus, rubella)
Syndromes Absent radii; Fanconi anemia
Giant hemangioma
Thrombosis
High-risk infant with Disseminated intravascular coagulation

RDS, pulmonary Isolated thrombocytopenia
hypertension, and
so forth

HPA-la, human platelet antigen la ; RDS, respiratory distress syndrome.

diagnosis is presented in Table 22-11. The immune thrombo
cytopenias have implications for perinatal care. In idiopathic 
thrombocytopenic purpura (ITP), maternal antiplatelet anti
bodies that cross the placenta lead to destruction of fetal platelets 
(see Chapter 44). However, only 10% to 15% of infants born 
to mothers with ITP have platelet counts less than 100,000 per 
microliter, and even in infants with severe thrombocytopenia, 
serious bleeding is rare. Alloimmune thrombocytopenia occurs 
when an antigen is present on fetal platelets but is not present 
on maternal platelets. On exposure to fetal platelets, the mother 
develops antiplatelet antibodies that cross the placenta and cause 
destruction of fetal platelets. In the largest series of cases of 
suspected alloimmune thrombocytopenia, the majority were 
caused by human platelet antigen la  (HPA-la) alloantibodies. 
Because the maternal platelet count is normal, the diagnosis is 
suspected on the basis of a history of a previously affected preg
nancy. Intracranial hemorrhage is common with this condition 
(10% to 20%) and can occur in the antenatal or intrapartum 
periods.64 Antenatal treatment is guided by the severity of 
thrombocytopenia and presence of intracranial hemorrhage in 
the previously affected fetus. Treatment options include IV 
immunoglobulin infusions and corticosteroids given to the 
mother.6

Vitamin K-Deficiency Bleeding 
of the Newborn
Vitamin K, oxide (1 mg) should be given intramuscularly to 
all newborns to prevent hemorrhagic disease caused by a 
deficiency in vitamin K-dependent clotting factors (II, VII, 
IX, X).65 Babies born to mothers who are on anticonvulsant 
medication are particularly at risk of having vitamin K defi
ciency. Bleeding occurs in 0.25% to 1.4% of newborns who do
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Vaginal and Rectal GBS Cultures at 35-37 Weeks' Gestation 
for ALL Pregnant Women3

IAP IN D IC A TE D
• Previous infant with invasive GBS disease
• GBS bacteriuria during current pregnancy
• Positive GBS screening culture during current pregnancy 

(unless a planned cesarean delivery is performed in the 
absence of labor or membrane rupture)

• Unknown GBS status AND any of the following:
-  Delivery at <37 weeks' gestation
-  Membranes ruptured for a 1 8  hours
-  Intrapartum fever (temperature >38.0°C [>100.4°F])b

IAP A /O TIN D IC A TED
• Previous pregnancy with a positive GBS screening 

culture (unless a culture also was positive during the 
current pregnancy or previous infant with invasive 
GBS disease)

• Planned cesarean delivery performed in the absence 
of labor or membrane rupture (regardless of GBS 
culture status)

• Negative vaginal and rectal GBS screening culture in 
late gestation, regardless of intrapartum risk factors

a Exceptions: women with GBS bacteriuria during the current pregnancy or women with a previous infant with invasive GBS 
disease.

b If chorioamnionitis is suspected, broad-spectrum antimicrobial therapy that includes an agent known to be active against 
GBS should replace GBS IAP.

FIG 22-15 Indications for intrapartum antimicrobial prophylaxis to prevent early onset of disease from Group B Streptococcus (GBS) using a 
universal prenatal culture screening strategy at 35 to 37 weeks' gestation for all pregnant women. IAP, intrapartum antimicrobial prophylaxis. 
(From Verani JR, McGee L, Schrag SJ; Division of Bacterial Diseases, National Center for Immunization and Respiratory Diseases, Centers for 
Disease Control and Prevention. Prevention of perinatal group B streptococcal disease— revised guidelines from CDC, 2010. MMWR Recomm 
Rep. 2010;59[RR-10]:1 -36.)

not receive vitamin K prophylaxis, generally in the first 5 days 
to 2 weeks but sometimes as late as 12 weeks. Oral vitamin K 
has been shown to be effective in raising vitamin K levels, but 
it is not as effective in preventing late hemorrhagic disease of the 
newborn, which most commonly occurs in breastfed infants 
whose courses have been complicated by diarrhea.

PERINATAL INFECTION 
Early-Onset Bacterial Infection
The unique predisposition of the neonate to bacterial infection 
is related to defects in both innate and acquired immune 
responses.66 The incidence of bacterial infection in infants 
younger than 5 days of age is 1 to 2 per 1000 live births. Mater
nal colonization with group B Streptococcus (GBS), rupture 
of membranes for more than 12 to 18 hours, and the pres
ence o f chorioamnionitis increase the risk o f infection.6 6S 
Maternal fever from other etiologies (e.g., epidural anesthesia) 
does not increase the risk of neonatal infection and merits only 
close observation of the newborn. Irrespective of membrane 
rupture, infection rates are higher in preterm infants. The 
majority o f early-onset bacterial infections present on day 1 
of life, with respiratory distress the most common presenting 
symptom. These infections are most often caused by GBS and 
gram-negative enteric pathogens. The algorithm for prevention 
of early-onset GBS infections is presented in Figure 22-15 with 
the approach to the newborn shown in Figure 22-16. Other 
etiologies of infection in the newborn are covered in Chapters 
52, 53, and 54.

RESPIRATORY DISTRESS
The establishment of respiratory function at birth is dependent 
on expansion and maintenance of air sacs, clearance of lung 
fluid, and adequate pulmonary perfusion. In many premature

and other high-risk infants, developmental deficiencies or unfa
vorable perinatal events hamper a smooth respiratory transi
tion. The presentation o f respiratory distress is among the 
most common symptom complexes seen in the newborn and 
may be secondary to both noncardiopulmonary and cardio
pulmonary etiologies (Table 22-12). The symptom complex 
includes an elevation of the respiratory rate to greater than 
60 per minute with or without cyanosis, nasal flaring, intercostal 
and sternal retractions, and expiratory grunting. The retractions 
are the result of the neonate’s efforts to expand a lung with poor 
compliance using a very compliant chest wall. The expiratory 
grunt is caused by closure of the glottis during expiration in an 
effort to increase expiratory pressure to help maintain FRC. The 
evaluation of such an infant requires use of history, physical 
examination, and laboratory data to arrive at a diagnosis. It is 
important to consider causes other than those related to the 
heart and lungs, because the natural tendency is to focus imme
diately on the more common cardiopulmonary etiologies.

Cardiovascular Causes
Cardiovascular causes of respiratory distress in the neonatal 
period can be divided into two major groups— those with struc
tural heart disease and those with persistent right-to-left shunt
ing through fetal pathways and a structurally normal heart. The 
two presentations o f serious structural heart disease in the 
first week o f life are cyanosis and congestive heart failure.6 ’ 
Examples of cyanotic heart disease include transposition of the 
great vessels, tricuspid atresia, certain types of truncus arteriosus, 
total anomalous pulmonary venous return, and right-sided 
outflow obstruction including tetralogy of Fallot and pulmonary 
stenosis or atresia. Infants with congestive heart failure generally 
have some form of left-sided outflow obstruction (e.g., hypo
plastic left heart syndrome, coarctation of the aorta). It is now 
recommended that all newborns have pulse oximetry screen
ing at 24 hours to identify critical heart disease. 11
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488 Section IV Postpartum Care

* Full diagnostic evaluation includes a blood culture, a complete 
blood count (CBC) including white blood cell differential and 
platelet counts, chest radiograph (if respiratory abnormalities are 
present), and lumbar puncture (if patient is stable enough to tolerate 
procedure and sepsis is suspected).

t  Antibiotic therapy should be directed toward the most common 
cause of neonatal sepsis, including intravenous ampicillin for GBS 
and coverage for other organisms (including Escherichia coli and 

other gram-negative pathogens) and should take into account local 
antibiotic resistance patterns.

* Consultation with obstetric providers is important to determine the 
level of clinical suspicion for chorioamnionitis. Chorioamnionitis is 
diagnosed clinically and some of the signs are nonspecific.

§ Limited evaluation includes blood culture (at birth) and CBC with 
differential and platelets (at birth and/or at 6-12 hours of life).

" If signs of sepsis develop, a full diagnostic evaluation should be 
conducted and antibiotic therapy initiated.

11 If >37 weeks’ gestation, observation may occur at home after 24 
hours if other discharge criteria have been met, access to medical 
care is readily available, and a person who is able to comply fully 
with instructions for home observation will be present. If any of 
these conditions is not met, the infant should be observed in the 
hospital for at least 48 hours and until discharge criteria are achieved.

* Some experts recommend a CBC with differential and platelets at 
age 6-12 hours.

FIG 22-16 Algorithm for secondary prevention of early-onset Group B 
streptococcal disease among newborns. (From Verani JR, McGee L, 
Schrag SJ; Division of Bacterial Diseases, National Center for Immu
nization and Respiratory Diseases, Centers for Disease Control and 
Prevention. Prevention of perinatal group B streptococcal disease—  
revised guidelines from CDC, 2010. MMWR Recomm Rep. 2010; 
59IRR-101:1-36.)

Pulmonary Causes
O f the causes of respiratory distress related to the airways and 
pulmonary parenchyma listed in Table 22-12, the differential 
diagnosis in a term infant includes transient tachypnea, 
aspiration syndromes, congenital pneumonia, and spontane
ous pneumothorax. 1 The syndrome of transient tachypnea 
presents as respiratory distress in nonasphyxiated term infants 
or slightly preterm infants. The clinical features include various

combinations of cyanosis, grunting, nasal flaring, retracting, and 
tachypnea during the first hours after birth. The chest radio
graph is the key to the diagnosis, with prominent perihilar 
streaking and fluid in the interlobar fissures. The symptoms 
generally subside in 12 to 24 hours, although they can persist 
longer. The preferred explanation for the clinical features is 
delayed reabsorption of fetal lung fluid. Transient tachypnea is 
seen more commonly in infants delivered by elective cesarean 
section and in the slightly preterm infant (see “Mechanics of the 
First Breath”).

At delivery, the neonate may aspirate clear amniotic fluid or 
fluid mixed with blood or meconium. MAS occurs in full-term 
or postmature infants. The perinatal course is often complicated 
by chronic intrauterine hypoxia, fetal distress, and low Apgar 
scores. These infants exhibit tachypnea, retractions, cyanosis, an 
overdistended and barrel-shaped chest, and coarse breath sounds. 
Chest radiography reveals coarse, irregular pulmonary densities 
with areas of diminished aeration or consolidation. The inci
dence of air leaks is high, and many of the infants exhibit per
sistent pulmonary hypertension.

The lungs represent the most common primary site of 
infection in the neonate. Both bacterial and viral infections can 
be acquired before, during, or after birth. The most common 
route of infection, particularly for bacteria, is ascending from 
the genital tract before or during labor. Infants with congenital 
pneumonia present with respiratory distress very early in life. 
The chest radiograph pattern is often indistinguishable from 
other causes of respiratory distress, particularly hyaline mem
brane disease (HMD).

Spontaneous pneumothorax occurs in 1% of all deliveries, 
but a much lower percentage results in symptoms. The risk is 
increased by manipulations such as positive-pressure ventila
tion. Respiratory distress is usually present from shortly after 
birth, and breath sounds may be diminished on the affected side. 
The majority of these air leaks resolve spontaneously without 
specific therapy.

HM D remains the most common etiology for respiratory 
distress in the neonatal period. Initial reports of Avery and 
Mead72 demonstrated a high surface tension in extracts of lungs 
from infants dying of RDS, which led to the present understand
ing of the role of surfactant in the pathogenesis of HMD. The 
deficiency of surfactant in the premature infant increases alveolar 
surface tension and, according to LaPlace’s law (see Fig. 22-2), 
increases the pressure necessary to maintain patent alveoli. The 
end result is poor lung compliance, progressive atelectasis, loss of 
FRC, alterations in ventilation-perfusion mismatch, and uneven 
distribution of ventilation. HMD is further complicated by 
the weak respiratory muscles and compliant chest wall of the 
premature infant. Hypoxemia and respiratory and metabolic 
acidemia contribute to increased pulmonary vascular resis
tance, right-to-left ductal shunting, and worsening ventilation- 
perfusion mismatch that exacerbate hypoxemia. Hypoxemia and 
hypoperfusion result in alveolar epithelial damage with increased 
capillary permeability and leakage of plasma into alveolar spaces. 
Leakage of protein into airspaces serves to inhibit surfactant 
function, which exacerbates the disease process. The materials 
in plasma and cellular debris combine to form the charac
teristic hyaline membrane seen pathologically. The recovery 
phase is characterized by regeneration of alveolar cells, including 
type II cells, with an increase in surfactant activity.

Clinically, neonates with HMD demonstrate tachypnea, nasal 
flaring, subcostal and intercostal retractions, cyanosis, and
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TABLE 22-12 RESPIRATORY DISTRESS IN THE NEWBORN

NONCARDIOPULMONARY CARDIOVASCULAR PULMONARY

Hypothermia or hyperthermia Left-sided outflow obstruction Upper airway obstruction
Hypoglycemia Hypoplastic left heart Choanal atresia
Metabolic acidosis Aortic stenosis Vocal cord paralysis
Drug intoxications, withdrawal Coarctation of the aorta Meconium aspiration
Polycythemia Cyanotic lesions Clear fluid aspiration
Central nervous system insult Transposition of the great vessels Transient tachypnea
Asphyxia Total anomalous pulmonary venous return Pneumonia
Hemorrhage Tricuspid atresia Pulmonary hypoplasia
Neuromuscular disease Right-sided outflow obstruction Primary
Werdnig-Hoffman disease Secondary
Myopathies Hyaline membrane disease
Phrenic nerve injury Pneumothorax
Skeletal abnormalities Pleural effusions
Asphyxiating thoracic dystrophy Mass lesions

Lobar emphysema
Cystic adenomatoid malformation

FIG 22-17 A, Chest radiograph demonstrates findings consistent with hyaline membrane disease (respiratory distress syndrome) including exten
sive atelectasis with homogeneous ground-glass appearance to the lung fields and air bronchograms and elevated diaphragm. B, Chest radio
graphs demonstrate changes consistent with bronchopulmonary dysplasia, including heterogeneous areas of atelectasis and hyperlucency.

expiratory grunting. The radiologic appearance of the lungs is 
consistent with an extensive atelectatic process (Fig. 22-17). The 
infiltrate is diffuse and has a ground-glass appearance, and major 
airways are air filled and contrast with the atelectatic alveoli to 
create the appearance of air bronchograms. The diaphragm is 
elevated because of profound hypoexpansion. Acute complica
tions of HMD include infection, air leaks, and persistent patency 
of the ductus arteriosus.

O f more concern than acute complications are the long
term sequelae suffered by infants with HMD. The major 
long-term consequences are chronic lung disease (CLD) 
that requires prolonged ventilator and oxygen therapy and

includes bronchopulmonary dysplasia and significant neu
rologic impairment. The incidence is especially high in infants 
born at less than 800 g. The severity is variable and ranges from 
very mild pulmonary insufficiency to severe disease with pro
longed mechanical ventilation, frequent readmissions for respira
tory exacerbations after nursery discharge, and a higher incidence 
of neurodevelopmental sequelae compared with VLBW controls. 
Although pulmonary function improves over time and most chil
dren do well, long-term pulmonary sequelae are evident. Factors 
involved in the etiology o f CLD are gestational age, elevated 
inspired oxygen concentration, ventilator volutrauma, sever
ity o f underlying disease, inflammation, and infection.
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TABLE 22-13 CLASSIFICATION OF 
INTRAVENTRICULAR HEMORRHAGE

GRADE DEFINITION

I Subependymal hemorrhage
II Intraventricular hemorrhage without ventricular dilatation
III Intraventricular hemorrhage with ventricular dilatation
IV Intraventricular hemorrhage with associated parenchymal 

hemorrhage

Modified from Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of 
subependymal and intraventricular hemorrhage: a study of infants with birth weights less 
than 1500 g . J  Pediatr. 1978;92:529.

NEONATAL NEUROLOGY 
Intraventricular Hemorrhage and 
Periventricular Leukomalacia
Periventricular/intraventricular hemorrhage (PVH/IVH) 
and periventricular leukomalacia (PVL) are the most com
mon neurologic complications o f prematurity. The overall 
incidence of PVH/IVH is 20% to 30% in infants weighing less 
than 1500 g or at less than 31 weeks’ gestation with severe bleeds 
(grades 3 and 4) at 10%. The highest incidence is observed in 
babies of the lowest gestational age and birthweight; nearly 50% 
and 25%, respectively, of all IVH and severe bleeds are seen in 
babies born at less than 700 g.73 Bleeds are graded according to 
severity as indicated in Table 22-13, and diagnosis is confirmed 
with ultrasound. PVL is reported in about 2% to 4% of infants 
younger than 32 weeks’ gestation,73 but the cystic PVL reported 
likely underestimates the full spectrum of PVL.

Cystic PVL comprises multifocal areas of necrosis with cyst 
formation in deep periventricular white matter. It has been well 
characterized by ultrasound, and the expanded use of MRI scans 
in preterm infants has identified infants— especially among 
those of lower gestational age—with diffuse white matter injury 
often accompanied by ventricular dilation. These findings are far 
more common in the preterm population than cystic PVL and 
represent part of the spectrum of PVL. The other important 
clinical correlate with PVL is maternal chorioamnionitis and 
neonatal infection.

The neurodevelopmental outcome o f infants with IVH is 
related to the severity o f the original bleed, development o f  
posthemorrhagic hydrocephalus, and the degree o f associ
ated parenchymal injury. Although cranial ultrasound is the 
primary modality used to diagnose IVH and PVL, it is not a 
sensitive predictor of outcome. In extremely low-birthweight 
infants with no abnormalities on cranial ultrasound, nearly one 
third will have some degree of neurodevelopmental handicap 
(cerebral palsy or cognitive delays).74 Infants with grade I or II 
IVH are at slightly greater risk for handicap.75 School-aged chil
dren who had mild IVH display a variety of neurologic and 
cognitive abnormalities, including motor incoordination, hyper
activity, attention and learning deficits, and visual motor diffi
culties.76 Infants with progressive ventricular dilatation (grade 
III) or periventricular hemorrhagic infarction (grade IV) are at 
higher risk for major neurodevelopmental handicap as well as 
less severe neurologic and cognitive disabilities.77'78 The presence 
of severe cystic PVL carries a guarded prognosis with a high risk 
of cerebral palsy and associated cognitive deficit.

Although the incidence and severity of intracranial hemor
rhage have progressively decreased as a result of advances in both

obstetric and neonatal care, the therapeutic focus continues to 
be on strategies to prevent this complication of prematurity. 
Both antenatal and postnatal approaches have been developed. 
For the most part, postnatal pharmacologic strategies have not 
had a major effect in decreasing the incidence, severity, and 
neurodevelopmental outcomes of IVH. Because IVH and PVL 
are likely perinatal events, antenatal prevention holds the 
most promise. Although not used specifically to decrease the 
incidence o f IVH and PVL, antenatal corticosteroids decrease 
the frequency o f these complications and likely represent the 
most important antenatal strategy to prevent intracranial 
hemorrhage.1 Furthermore, antenatal magnesium sulfate also is 
used for neuroprotection of the newborn prior to preterm deliv
ery, although long-term benefits are unclear.79,80

CLASSIFICATION OF NEWBORNS BY 
GROWTH AND GESTATIONAL AGE
In assessing the risk for mortality or morbidity in a given 
neonate, evaluation o f birthweight and gestational age 
together provide the clearest picture. W hen large populations 
are considered, maternal dates remain the single best determi
nant of gestational age. Early obstetric ultrasound is a very useful 
adjunct (see Chapter 9). However, in the individual neonate, 
especially when dates are uncertain, a reliable postnatal assess
ment of gestational age is necessary. A scoring system that 
appraises gestational age on the basis of physical and neurologic 
criteria was developed by Dubowitz and colleagues and later 
simplified and updated by Ballard and associates (Fig. 22-18).81 
The Ballard examination is less accurate before 28 weeks’ gesta
tion, but additional features can be examined to aid in the 
determination of an accurate gestational age. The anterior vas
cular capsule of the lens reveals complete coverage of the lens by 
vessels at 27 to 28 weeks. Foot length (from the heel to the tip 
of the largest toe) is 4.5 cm at 25 weeks and increases by
0.25 cm/wk. Using growth parameters and gestational age, 
infants can then be classified by means of intrauterine growth 
curves such as those developed by Lubchenco and colleagues 
(Fig. 22-19).^  Infants born between 37 and 42 weeks are 
classified as term  in fan ts ; less than 37 weeks is p r e te rm ; 
and greater than 42 weeks is p o s tte rm  (see Chapter 36). In 
each grouping, infants are then identified according to growth; 
AGA if  birthweight falls between the 10th and 90th percentiles, 
SGA if  birthweight is below the 10th percentile, and LGA if 
birthweight is above the 90th percentile. Knowledge of a baby’s 
birthweight in relation to gestational age is helpful in anticipat
ing neonatal problems.

The causes o f growth restriction are numerous (see Chapter 
33). Those operative early in pregnancy such as chromosomal 
aberrations, congenital viral infections, and some drug exposures 
induce symmetric restriction of weight, length, and head cir
cumference. In most cases, the phenomenon occurs later in 
gestation and leads to more selective restriction of birthweight 
alone. Such factors include hypertension or other maternal 
vascular disease and multiple gestation. Neonatal problems in 
addition to chromosomal abnormalities and congenital viral 
infections common in SGA infants include birth asphyxia, 
hypoglycemia, polycythemia, and hypothermia. In addition, 
congenital malformations are seen more frequently among 
undergrown infants.83

The most common identifiable conditions that lead to exces
sive infant birthweight are maternal diabetes and maternal
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visible veins
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and/or rash, 
few veins

cracking 
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rare veins

parchment, 
deep, 

cracking, 
no vessels

leathery,
cracked,
wrinkled

Lanugo none sparse abundant thinning
bald

areas
mostly
bald
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Surface

heel-toe 
40-50 mm: -1 
<40 mm: -2

>50 mm, 
no 
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anterior 
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crease only
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testes 
pendulous, 
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Genitals
Female

clitoris 
prominent, 

labia flat

prominent 
clitoris, small 
labia minora

prominent
clitoris,

enlarging
minora

majora 
and minora 

equally 
prominent

majora large, 
minora small

majora 
cover clitoris 
and minora

Score Weeks

-10 20

-5 22

0 24

5 26

10 28

15 30

20 32

25 34

30 36

35 38

40 40

45 42

50 44

FIG 22-18 Assessment of gestational age. ant., anterior. (From Ballard JL, Khoury JC, Wedig K, et al. New Ballard Score, expanded to include 
extremely premature infants. J Pediatr. 1991; 119:417.)

obesity. Other conditions associated with macrosomia are eryth
roblastosis fetalis, other causes of fetal hydrops, and Beckwith- 
Wiedemann syndrome. LGA infants are at risk for hypoglycemia, 
polycythemia, congenital anomalies, cardiomyopathy, hyperbili
rubinemia, and birth trauma.

NURSERY CARE
Nurseries are classified on the basis of the level of care provided 
(Box 22-4). L evel I  nu rseries  care for infants presumed 
healthy, with an emphasis on screening and surveillance. 
L evel IL nu rseries  can care for infants at more than 32 weeks’
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FIG 22-19 Intrauterine growth curves for weight, length, and head circumference for singleton births in Colorado. 100 w  grams/L3 centimeters, 
weight in grams divided by 100, with the quotient divided by the length cubed. (From Lubchenco LO, Hansman C, Boyd E. Intrauterine growth 
in length and head circumference as estimated from live births at gestational ages from 26 to 42 weeks. Pediatrics. 1966;37:403.)

BOX 22-4 LEVELS OF NURSERY CARE

Level 7: A nursery w ith personnel and equipm ent to perform  
neonatal resuscitation, evaluate and provide newborn care 
for healthy infants, stabilize and provide care for infants born 
at 35 to 37 weeks' gestation w ho rem ain physiologically  
stable, and stabilize ill infants and those at less than 35 
weeks' gestation before transport to a higher-level facility.

Level 2: A  facility able to provide care to infants born at 
m ore than 32 weeks' gestation w eighing m ore than 1500 g 
w ho have physiologic im m aturity , are m oderately ill with  
problem s expected to resolve quickly, and do not need 
urgent subspecialty care; and they can provide convalescent 
care for infants after intensive care.

2A: Does not do mechanical ventilation or nasal CPAP 
2B: Can do short-term  (<24 hr) ventilation.

Level 3: Provides care for the sickest and m ost complex  
infants.

3A: Provides care for infants beyond 28 weeks and 
1000 g w ho are in need of conventional m echanical 
ventilation.

3B: Can provide care for infants at less than 28 weeks  
and 1000 g, including high-frequency ventilation, 
inhaled nitric oxide, on-site subspecialists, advanced  
im aging, on-site or nearby pediatric surgeons, and 
anesthesiologists.

3C: Can provide ECM O and repair of com plex congenital 
heart disease.

Modified from  the American Academy of Pediatrics Committee on Fetus and Newborn. Levels of neonatal care. Pediatrics. 2004; 114:1341. 
CPAP, continuous positive airway pressure; ECMO, extracorporeal membrane oxygenation.
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gestation who weigh at least 1500 g but who require special 
attention but will probably not need subspecialty services. 
Level III nurseries care for all newborn infants who are criti
cally ill regardless o f the level o f support required.81 A peri
natal center encompasses both high-risk obstetric services 
and level III nursery services. Survival for VLBW infants is 
improved with delivery at centers with a higher volume (>100) 
of VLBW deliveries per year and a higher-level nursery.85 This 
survival advantage may extend to moderately preterm newborns 
as well.86

Care of the normal newborn involves observation of transi
tion from intrauterine to extrauterine life, establishing breast or 
bottle feedings, noting normal patterns of stooling and urina
tion, and surveillance for neonatal problems. Signs suggestive of 
illness include temperature instability, change in activity, refusal 
to feed, pallor, cyanosis, jaundice, tachypnea and respiratory 
distress, delayed (>24 hr) passage of the first stool or void, and 
bilious vomiting. In addition, the following laboratory screens 
should be performed: (1) blood type and direct and indirect 
Coombs test on infants born to mothers with type O or Rh- 
negative blood; (2) glucose screen in infants at risk for hypogly
cemia; (3) hematocrit in infants with signs and symptoms of 
anemia or polycythemia; and (4) mandated screening for inborn 
errors of metabolism, such as phenylketonuria (PKU) and galac
tosemia, sickle cell disease, hypothyroidism, cystic fibrosis, 
and congenital adrenal hyperplasia. M any states now mandate 
or offer expanded newborn screening by tandem mass spectros
copy that looks for a variety of other inborn metabolic errors. 
All newborns should also have an initial hearing screen per
formed before discharge. Finally, babies routinely receive 1 mg 
of vitamin K intramuscularly to prevent vitamin K-deficient 
hemorrhagic disease of the newborn, and erythromycin oint
ment is used to prevent gonococcal ophthalmia neonatorum. 
Hepatitis B vaccine should be given to all newborns, and hepa
titis B immunoglobulin is also administered to infants born to 
HBsAg-positive mothers (see Chapter 52). Infants should be 
positioned supine for sleep to minimize the risk of sudden infant 
death syndrome (SIDS).87

Discharge of the normal newborn is safe provided all criteria 
are met in Box 22-5. The initial follow-up visit needs to occur 
48 to 72 hours after discharge.88

Circumcision is an elective procedure to be performed 
only in healthy, stable infants. The procedure probably has 
medical benefits that include prevention of phimosis, paraphi
mosis, and balanoposthitis as well as a decreased incidence of 
cancer of the penis, cervical cancer in partners of circumcised 
men, sexually transmitted diseases (including HIV), and urinary 
tract infection in male infants. Most parents, however, make the 
decision regarding circumcision for nonmedical reasons. The 
risks of the procedure include local infection, bleeding, removal 
of too much skin, and urethral injury. The combined incidence 
of these complications is less than 1%. Local anesthesia (dorsal 
penile nerve block or circumferential ring block) with 1% lido
caine without epinephrine is safe and effective and should 
always be used. Techniques that allow visualization of the glans 
throughout the procedure (Plastibell and Gomco clamp) are 
preferred to a “blind” technique (Mogen clamp) because of 
occasional amputation of the glans with the latter. Circumcision 
is contraindicated in infants with genital abnormalities. In 
infants with a family history of bleeding disorders, appropri
ate laboratory evaluation should be performed before the 
procedure.

Care of the Parents
Klaus and Kennell have outlined the steps in maternal- 
infant attachment: (1) planning the pregnancy; (2) confirm
ing the pregnancy; (3) accepting the pregnancy; (4) noting 
fetal movement; (5) accepting the fetus as an individual; 
(6) going through labor; (7) giving birth; (8) hearing and 
seeing the baby; (9) touching, smelling, and holding the 
baby; (10) caretaking; and (11) accepting the infant as a 
separate individual. Numerous influences can affect this 
process. A mother’s and father’s actions and responses are derived 
from their own genetic endowment and their own interfamily 
relationships, cultural practices, past experiences with this or 
previous pregnancies, and, most important, how they were 
raised by their parents. Also critical is the in-hospital experience 
surrounding the birth— how doctors and nurses act, separation 
from the baby, and hospital practices.

The 60- to 90-minute period after delivery is a very impor
tant time. The infant is alert, active, and able to follow with his 
or her eyes, allowing meaningful interaction to transpire between 
infant and parents. The infant’s array of sensory and motor abili
ties evokes responses from the mother and initiates communica
tion that may be helpful for attachment and induction of 
reciprocal actions. W hether a critical period for these initial 
interactions exists is unclear, but improved mothering behavior 
does seem to occur with increased contact over the first 3 post
partum days. The practical implications o f this information 
are that labor and delivery should pose as little anxiety as 
possible for the mother, and parents and baby should have 
time together immediately after delivery if the baby’s medical 
condition permits.

Mothers with high-risk pregnancies are at increased risk 
for subsequent parenting problems. It is important for both 
obstetrician and pediatrician alike to be involved prenatally to 
allow time to prepare the family for anticipated aspects of the 
baby’s care and to provide reassurance that the odds are heavily 
in favor of a live baby who will ultimately be healthy. If it is 
possible before birth to anticipate the need for neonatal intensive 
care, such as with a known congenital anomaly or with refrac
tory premature labor, maternal transport to a center with a unit 
that can care for the baby should be planned. Before delivery, it 
is also very helpful to allow the parents to tour the unit their 
baby will occupy.

The basic principle in dealing with parents o f a sick infant 
is to provide essential information clearly and accurately 
to both parents, preferably when they are together. W ith 
improved survival rates, especially in premature infants, most 
babies will do well despite early problems. Therefore it is rea
sonable in most circumstances to be positive about the out
come. There is also no reason to emphasize problems that might 
occur in the future or to deal with individual worries of the 
physician. If asked, questions need to be answered honestly, 
but the list of parents’ worries does not need to be voluntarily 
increased.

Before the parents’ initial visit to the unit, a physician or nurse 
should describe what the baby and the equipment look like. 
When they arrive in the nursery, this can again be reviewed in 
detail. If a baby must be moved to another hospital, the mother 
should be given time to see and touch her infant before the 
transfer. The father should be encouraged to meet the baby at 
the receiving hospital so he can become comfortable with the 
intensive care unit. He can serve as a link between baby and 
mother with information and photographs.
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494 Section IV Postpartum Care

BOX 22-5 INFANT CRITERIA FOR EARLY DISCHARGE

1. The new born is term , defined as an in fan t born 
between 37 and 41 com pleted weeks o f gestation.

2. No abnorm alities are present tha t require continued 
hospita lization.

3. Vital signs are docum ented as being w ith in  norm al 
ranges w ith  appropria te  varia tions based on 
physio log ic  state and stable fo r  the 12 hours preceding 
discharge.

4. The in fan t has urinated regu la rly  and has passed stool 
spontaneously.

5. The in fant has com pleted at least tw o  successful 
consecutive feedings.

6. No s ign ificant b leeding is present at the circum cis ion 
site.

7. The clin ical risk o f deve lopm ent o f subsequent 
hyperb ilirub inem ia  has been assessed, and appropria te  
m anagem ent and/or fo llo w -u p  plans have been 
institu ted.

8. The in fant has been adequate ly evaluated and 
m on itored  fo r sepsis on the basis o f m aternal risk 
factors and in accordance w ith  current gu ide lines fo r 
prevention o f perinatal G roup B streptococcal disease.

9. M aternal blood test and screening results are available 
and have been reviewed, inc lud ing  those fo r m aternal 
syph ilis , hepatitis  B surface antigen status, and a test 
fo r  HIV in accordance w ith  state regulations.

10. Infant blood tests are available and have been 
reviewed, such as cord or in fant b lood type and direct 
Coom bs test results as c lin ica lly  indicated.

11. Newborn m etabolic and hearing screenings have 
been com pleted per hospita l p ro tocol and state 
regulations.

12. The m othe r's  know ledge, ab ility , and confidence to 
provide adequate care fo r  her in fant have been 
assessed fo r  com petency regarding:
• Breastfeeding or bo ttle  feeding (the breastfeeding 

m othe r and in fant should be assessed by tra ined 
s ta ff regard ing breastfeeding position , latch-on, and 
adequacy o f sw a llow ing)

• The im portance and benefits o f breastfeeding fo r 
both m othe r and in fant

• A pp rop ria te  urina tion  and defecation frequency fo r 
the in fant

• C ord , sk in , and g e n ita l ca re  fo r  th e  in fa n t, in c lu d in g  
c irc u m c is io n  care

• The  a b ility  to  re co g n ize  s ig n s  o f  illn e ss  and c o m m o n  
in fa n t p ro b le m s , p a rt ic u la r ly  ja u n d ic e

• In fa n t sa fe ty  (such as use o f an a p p ro p r ia te  ca r 
sa fe ty  seat, s u p in e  p o s it io n in g  fo r  s le e p in g , 
m a in ta in in g  a s m o k e -fre e  e n v iro n m e n t, and  ro o m  
s h a rin g )

13. F am ily , e n v iro n m e n ta l, and soc ia l r isk  fa c to rs  have 
been assessed, and  th e  m o th e r  and  he r o th e r  fa m ily  
m e m b e rs  have  been e d u ca te d  a b o u t safe h o m e  
e n v iro n m e n t. T hese  risk  fa c to rs  in c lu d e  b u t are n o t 
lim ite d  to :
• U n tre a te d  p a re n ta l su b s ta n ce  abuse  o r p o s itiv e  urine  

to x ic o lo g y  re su lts  in th e  m o th e r  o r  n e w b o rn
• H is to ry  o f c h ild  abuse  o r n e g lec t
• M e n ta l illn e ss  in a p a re n t w h o  is in th e  h o m e
• Lack o f  so c ia l s u p p o rt, p a rt ic u la r ly  fo r  s in g le  and 

f irs t- t im e  m o th e rs
• M o th e rs  w h o  live  in a s h e lte r, a re h a b ilita tio n  hom e, 

o r  on  th e  s tre e t
• H is to ry  o f d o m e s tic  v io le n c e , p a rt ic u la r ly  d u rin g  th is  

p re g n a n c y
• C o m m u n ic a b le  illn e ss  in a p a re n t o r  o th e r  m e m b e rs  

o f  th e  h o u s e h o ld
• A d o le s c e n t m o th e r, p a rt ic u la r ly  if  o th e r a b o v e -lis te d  

c o n d itio n s  a p p ly
14. A  m e d ica l h o m e  fo r  c o n tin u in g  m ed ica l care fo r  the  

in fa n t has been id e n tif ie d , and a p lan  fo r  t im e ly  
c o m m u n ic a tio n  o f p e rt in e n t c lin ic a l in fo rm a tio n  to  the 
m ed ica l h o m e  is in p lace. For n e w b o rn s  d isch a rg e d  
less th a n  48 h o u rs  a fte r d e liv e ry , an a p p o in tm e n t 
s h o u ld  be m ad e  fo r  th e  in fa n t to  be e x a m in e d  by  a 
lice n sed  h e a lth  care  p ro fe s s io n a l, p re fe ra b ly  w ith in  48 
h o u rs  o f  d is c h a rg e  based on risk  fa c to rs  b u t no  la te r 
th a n  72 h o u rs  in m o s t cases.

15. B a rrie rs  to  a d e q u a te  fo llo w -u p  care  fo r  th e  n e w b o rn —  
such  as lack o f  tra n s p o r ta t io n  to  m e d ica l care  services, 
lack o f easy access to  te le p h o n e  c o m m u n ic a tio n , and 
n o n -E n g lis h -s p e a k in g  p a re n ts— h ave  been assessed 
a nd , w h e n e v e r p o ss ib le , a ss is tance  has been g ive n  to  
th e  fa m ily  to  m ake s u ita b le  a rra n g e m e n ts  to  address 
th e m .

The birth o f an infant with a congenital malformation 
provides another situation in which staff support is essen
tial. Parents’ reactions to the birth of a malformed infant 
follow a predictable course. For most, there is initial shock and 
denial, a period of sadness and anger, gradual adaptation, and 
finally an increased satisfaction with and the ability to care for 
the baby. The parents must be allowed to pass through these 
stages and, in effect, to mourn the loss of the anticipated 
normal child.

The death o f an infant or a stillborn is a highly stressful 
family event. This fact has been emphasized by Cullberg,90 who 
found that psychiatric disorders developed in 19 of 56 mothers 
studied 1 to 2 years after the deaths of their neonates. One of 
the major predispositions was a breakdown of communication 
between parents. The health care staff needs to encourage the 
parents to talk with each other, discuss their feelings, and display 
emotion. The staff should talk with the parents at the time of

death and then several months later to review the findings of the 
autopsy, answer questions, and see how the family is doing.

Kangaroo Care
As a baby’s course proceeds, the nursery staff can help the parents 
become comfortable with their infant. This can include partici
pation in caretaking as well as skin-to-skin contact with the 
infant (kangaroo maternal care [KMC]). In addition to benefits 
for thermoregulation, in the LBW population (<2500 g), 
KMC improves rates o f mortality, nosocomial infection/ 
sepsis, and length o f hospital stay. A benefit also may exist for 
infant growth and breastfeeding rates.44 Individualized develop- 
mentally based care has also shown some benefit for high-risk 
infants.91 It is also important for the staff to discuss among 
themselves any problems that parents may be having as well as 
to keep a record of visits and phone calls. This approach will 
allow early intervention to deal with potential problems.
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OUTCOME OF NEONATAL INTENSIVE CARE 
AND THRESHOLD OF VIABILITY
More sophisticated neonatal care has resulted in improved sur
vival of VLBW (<1500 g) infants, in particular those less than 
1000 g (Fig. 22-20). Current survival rates are 90% or greater 
for infants greater than 1000 g and 28 weeks’ gestation, 85% 
at 800 to 1000 g and 26 to 27 weeks’ gestation, and nearly 
70% to 75% for infants at 700 to 800 g and 25 weeks’ gestation, 
with a considerable drop in survival below 700 g and at less 
than 25 weeks.92'93 Predictions o f survival can be signifi
cantly improved by consideration o f clinical data in addition 
to birthweight and gestational age. These data include an 
appropriate course of antenatal steroids, sex of the baby, and 
whether the pregnancy is a singleton gestation. It is important 
to note that survival in terms of best obstetric estimate is greater 
at very low gestational ages than survival in terms of postnatal 
assessment of gestational age. The numbers in terms o f best 
obstetric estimate based on data at the institution o f birth 
should be referred to for antenatal counseling. Alternatively, 
data from the National Institute o f Child Health and Human 
Development (NICHD) can be referenced as well. It is criti
cally important when making decisions at the thresholds of 
viability that a shared understanding is reached among neonatol
ogy, obstetrics, and the family. Paramount to that discussion is 
that improved survival comes with a price, because a variety 
of morbidities are seen in these infants. The rate o f severe 
neurologic disability is fairly constant at 10%  o f all VLBW

survivors from 1000 to 1500 g. The number increases from 
10% to 25% in infants of extremely low birthweight (<1000 g) 
and is particularly troubling for infants born at less than 25 
weeks’ gestation. In these infants, approximately half of the 
survivors have moderate or severe neurosensory disability (Fig.
22-21).92 In addition to the increase in severe disability, 
these infants have an increased rate o f lesser disabilities 
that include deficits in academic achievement, behavior 
and attention problems, and the need for special education 
in school (see Fig. 22-20).94 96 Finally, recent information has 
begun to demonstrate an increase in autism spectrum disor
ders in preterm infant survivors.97 Risk factors for neurologic 
morbidity include seizures, major intracranial hemorrhage or 
PVL, severe intrauterine growth restriction (IUGR), NEC, 
chorioamnionitis in the mother, neonatal infection, need for 
mechanical ventilation, chronic lung disease (CLD), poor early 
head growth, retinopathy of prematurity, and low socioeco
nomic class.

In addition, other morbidities need to be considered. Because 
the number of survivors weighing less than 1000 g has increased, 
a reemergence of retinopathy o f prematurity has been seen. 
This disorder is caused by retinal vascular proliferation that leads 
to hemorrhage, scarring, retinal detachment, and blindness. It 
is triggered by low concentrations of insulin-like growth factor
1 (IGF-1) and relative hyperoxia in the early postnatal period, 
which leads to delayed retinal vessel growth. Later increases in 
IGF-1 allow vascular endothelial growth factor (VEGF)-induced 
angiogenesis and result in an abnormal vascular proliferation.98
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496 Section IV Postpartum Care

Incidence of acute proliferative retinopathy by birthweight is less 
than 10% in infants who weigh more than 1250 g, 20% in those 
1000 to 1250 g, 50% to 60% in those 750 to 1000 g, and 70% 
in those less than 750 g.73 Severe retinopathy is evident in 5% 
of the infants 1000 to 1250 g, in 10% of infants 750 to 1000 g, 
and in 25% to 40% of infants less than 750 g. O f the infants 
with severe retinopathy, 10% (4% of the total population) will 
go on to have severe visual problems. The other major neuro- 
sensory morbidity is hearing loss, which occurs in 2% of NICU 
survivors. Other sequelae of neonatal intensive care include 
CLD, growth failure, short gut, and need for postdischarge 
rehospitalization.

The information presented earlier on outcome is relevant to 
discussions about obstetric and neonatal intervention at the 
threshold of viability. If the end point o f survival without 
major disability is considered, this occurs in 0% at 22 weeks, 
less than 10% at 23 weeks, approximately 20% to 25%  at 24  
weeks, and approximately 45%  to 50% at 25 weeks. «■«W ith  
this information in mind, most neonatologists believe that care 
is clearly beneficial beyond 25 completed weeks, whereas less 
than half believe that care is beneficial at 24 to 24 6/7 weeks, 
and even fewer feel care is beneficial at less than 24 completed 
weeks. That said, more than half would intervene on behalf of 
an infant beyond 23 weeks’ gestation. These discussions need to 
be modified depending on circumstances. For instance, morbid
ity and mortality would increase in the face of overt infection 
or severe IUGR. A reasonable approach would seem to be to 
encourage interventions on behalf o f a fetus or newborn 
beyond 25 completed weeks’ gestation and to not intervene 
at less than 23 weeks’ gestation. The range between 23 and 
25 weeks should be evaluated on a case-by-case basis.

LATE PRETERM INFANT
The rate of preterm births in the United States has been increas
ing, especially for births between 34 0/7 and 36 6/7 weeks, 
which now make up 70% of all preterm births. O f these births, 
as many as 23% had no recorded indication for early delivery 
noted on the birth certificate.9M Compared with term infants, 
late preterm infants have a higher mortality and prevalence 
o f acute neonatal problems that include respiratory distress, 
temperature instability, hypoglycemia, apnea, jaundice, and 
feeding difficulties.'1 The respiratory issues are caused by 
delayed clearance of fetal lung fluid, surfactant deficiency, or 
both and can on occasion progress to respiratory failure. Feeding 
issues are caused by poor coordination of suck and swallow, 
which can interfere with bottle feeding and can cause failure 
to establish successful breastfeeding. This can put the infant at 
risk for both dehydration and excessive jaundice. Late preterm 
infants have at least twice the risk of an infant born at term 
to have significantly elevated serum bilirubin concentrations. 
Rehospitalizations due to jaundice, proven or suspected infec
tion, feeding difficulties, and failure to thrive are much more 
common than in term infants. Long-term neurodevelopmental 
outcome is also compromised with reports of cognitive and 
emotional regulation difficulties, school problems, and slightly 
lower IQs.100 An increase in deficits in lung function are appar
ent that may persist into adulthood because of immaturity of 
the respiratory system at birth.101

Late preterm infants, even i f  similar in size to their term 
counterparts, should be considered preterm, rather than near 
term, and need close in-hospital monitoring for potential

complications. Discharge of these babies should be delayed 
until they have demonstrated reliable oral intake and resolution 
of any acute neonatal problems. The initial outpatient follow-up 
visit should occur w ithin 48 to 72 hours of discharge.
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The postpartum period, also called the puerperium, lasts from 
delivery o f the placenta until 6 to 12 weeks afterward. Most 
of the physiology that has changed in pregnancy will have 
returned to its prepregnancy state by 6 weeks. However, many 
of the cardiovascular changes and psychological changes 
may persist for many more months; and some, such as 
changes in the pelvic musculature and cardiac remodeling, 
will last for years.

The postpartum period is associated with as much tradition 
and superstition as any other rite of passage in life because the 
health of a new infant is so important to the survival of any 
family or clan. In order to support the successful recovery of the 
mother and a healthy transition through the neonatal period, 
customs, taboos, and rituals have developed in most cultures. 
Indeed, many of the current medical recommendations for the 
puerperium have developed from adaptations of socially accept
able traditions rather than from science. For example, the 6-week 
postpartum checkup approximates the end of the 40 days of rest 
and sexual separation required in traditional societies.

Cultures throughout the world have specific postpartum tra
ditions that include both restrictions on activity and prescribed 
activities, different foods for the newly delivered mother, and 
particular and unique taboos regarding postpartum care (Box
23-1, e-Fig. 23-1). For example, bathing after delivery is taboo 
in some cultures. Because women often cherish these rituals, it 
is essential for physicians, midwives, and nurses to be sensitive 
to these customs even though a woman’s place of delivery may 
be far from her native country.

This chapter examines the normal physiologic changes of the 
puerperium and the transitions to prepregnancy physiology. 
W ith respect to these changes, we evaluate the principles and 
practices of postpartum care and the role of the provider in 
helping the patient through the transition. We will also discuss 
the major puerperal disease states, health maintenance postpar
tum, and pregnancy prevention.

POSTPARTUM INVOLUTION 
Uterus
The crude weight of the pregnant uterus at term— excluding 
the fetus, placenta, membranes, and amniotic fluid— is about 
1000 g, approximately 10 to 20 times heavier than the nonpreg
nant uterus.1 The specific time course o f uterine involution
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BOX 23-1 EXAMPLES OF POSTPARTUM RITUALS

Cultural practices in regard to  postpartum  activ ity  are found 
w orldw ide :

• In the rural Philippines, the m other, w ho w orks until 
she goes in to labor, is p roh ib ited  from  w ork ing  after 
de livery, and she is given a new name. The m aternal 
g randm othe r v is its  da ily  and does the housew ork and 
cooking fo r  8 weeks. The m othe r is bathed by the 
g randm othe r da ily. W hen the um bilica l cord fa lls  o ff 
the infant, a feast is prepared, and the cord is blessed 
at the feast. The new fa ther is p roh ib ited  fro m  bu ild ing  
stone w alls and from  driv ing  nails fo r 6 m onths. For 2 
m onths, relatives tend the fields.

Postpartum  taboos related to  ho t and co ld  are found 
w orldw ide :

• In som e Asian, A frican, and Latin Am erican cultures, 
heat and cold m ust be m aintained in balance to 
prom ote  health and prevent disease. Because blood, 
w h ich  is "h o t,"  is lost du ring  de livery, the partu rien t 
m ust replenish her "h e a t" by staying bund led and 
drink ing w arm  liquids.

• In several trad itiona l M idd le  Eastern areas, it is 
believed tha t exposure to  cold creates a vu lne ra b ility  
to  disease. Bathing is often taboo fo r  trad itiona l 
w om en, and sponge baths m ay be substitu ted.

• In parts o f rural India, the new m othe r returns to  her 
m othe r's  house fo r 16 weeks. She is given a hot bath 
every day. Cold baths are taboo because cold w a te r is 
associated w ith  disease.

M any cultures have rituals regard ing trea tm ent o f the 
placenta and um bilica l cord:

• The placenta m ay be dried and tu rned to pow der fo r 
its "m e d ic in a l" powers.

• The um bilica l cord was hung in a nearby tree by some 
eastern Native Am erican tribes.

• In Eastern European trad ition , in o rder to ensure 
prosperity, the cord was buried under specific corners 
o f the house.

has not been fully elucidated, but within 2 weeks after 
birth, the uterus has usually returned to the pelvis, and by 6 
weeks, it is usually normal size as estimated by palpation.
The gross anatomic and histologic characteristics of the involu
tional process are based on the study of autopsy, hysterectomy, 
and endometrial biopsy specimens.2 The decrease in the size of 
the uterus and cervix during the puerperium has been demon
strated with serial magnetic resonance imaging (M RI).3 The 
findings are consistent with those of serial sonography and com
puted tomography (CT).

Immediately after delivery, the rapidly decreasing endometrial 
surface area facilitates placental shearing at the decidual layer. 
The average diameter of the placenta is 18 cm; in the immediate 
postpartum uterus, the average diameter of the site of placental 
attachment measures 9 cm. In the first 3 days after delivery, the 
placental site is infiltrated with granulocytes and mononuclear 
cells, a reaction that extends into the endometrium and super
ficial myometrium. By the seventh day, the regeneration of 
endometrial glands is evident, and they often appear atypical 
with irregular chromatin patterns, misshapen and enlarged 
nuclei, pleomorphism, and increased cytoplasm. By the end of 
the first week, regeneration of the endometrial stroma is also 
evident, and mitotic figures are noted in gland epithelium; by 
postpartum day 16, the endometrium is fully restored.

Decidual necrosis begins on the first day, and by the seventh 
day, a well-demarcated zone can be seen between necrotic and 
viable tissue. An area of viable decidua remains between the 
necrotic slough and the deeper endomyometrium. Sharman2 
described how the nonnecrotic decidual cells participate in the 
reconstruction of the endometrium, a likely role given their 
original role as endometrial connective tissue cells. By the sixth 
week, decidual cells are rare. The immediate inflammatory cell 
infiltrate of polymorphonuclear leukocytes and lymphocytes 
persists for about 10 days and presumably serves as an antibacte
rial barrier. The leukocyte response diminishes rapidly after day
10, and plasma cells are seen for the first time. The plasma cell 
and lymphocyte response may last as long as several months. 
In fact, endometrial stromal infiltrates of plasma cells and lym
phocytes are a sign, and they may be the only sign, o f a recent 
pregnancy.

Hemostasis immediately after birth is accomplished by 
arterial smooth muscle contraction and compression of 
vessels by the involuting uterine muscle. Vessels in the placen
tal site are characterized during the first 8 days by thrombosis, 
hyalinization, and endophlebitis in the veins and by hyaliniza- 
tion and obliterative fibrinoid endarteritis in the arteries. The 
mechanism for hyalinization of arterial walls, which is not com
pletely understood, may be related to the previous trophoblastic 
infiltration of arterial walls that occurs early in pregnancy. Many 
of the thrombosed and hyalinized veins are extruded with the 
slough of the necrotic placental site, but hyalinized arteries 
remain for extended periods as stigmata of the placental site. 
Restoration of the endometrium in areas other than the placen
tal site occurs rapidly, a process that is complete by day 16 after 
delivery. The gland epithelium does not undergo the reactivity, 
nor does it take on the pseudoneoplastic appearance noted in 
glands at the placental site.

The postpartum uterine discharge, or lochia, begins as a flow 
of blood that lasts several hours, then rapidly diminishes to a 
reddish brown discharge through the third or fourth day post
partum. This is followed by a transition to a mucopurulent, 
somewhat malodorous discharge called lochia serosa, which 
requires several perineal pad changes per day. The median dura
tion of lochia serosa is 22 to 27 days.4'5 However, 10% to 15% 
of women will have lochia serosa at the time of the 6-week 
postpartum examination. In most patients, the lochia serosa is 
followed by a yellow-white discharge, called lochia alba. Breast
feeding or the use of oral contraceptive agents does not affect 
the duration of lochia. Frequently, a sudden but transient 
increase is observed in uterine bleeding between 7 and 14 
days postpartum. This corresponds to the slough of the eschar 
over the site of placental attachment. Myometrial vessels greater 
than 5 mm in diameter are present for up to 2 weeks postpartum 
and account for the dramatic bleeding that can occur with 
this phenomenon.’ Although it can be profuse, this bleeding 
episode is usually self-limited and requires nothing more 
than reassurance o f the patient. If it does not subside within
1 or 2 hours, the patient should be evaluated for possible retained 
placental tissue.

Ultrasound may be helpful in the management of abnormal 
postpartum bleeding. The empty uterus with a clear midline 
echo can often be distinguished from the uterine cavity expanded 
by clot (sonolucent) or retained tissue (echo dense; Fig. 23-1).6 
Serial ultrasound examinations of postpartum patients showed 
that in 20% to 30%, some retained blood or tissue was apparent 
within 24 hours after delivery. By the fourth postpartum day,
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Chapter 23 Postpartum Care and Long-Term Health Considerations

FIG 23-1 A, Sonogram of a normal postpartum uterus. B, Postpartum 
uterus with retained tissue. (From Poder L. Ultrasound evaluation of 
the Uterus. In Callen PW: Ultrasonography in Obstetrics and Gynecol
ogy, 5th ed. Philadelphia: Saunders; 2000:939, 940.)

only about 8% of patients showed endometrial cavity separation, 
a proportion of whom eventually had abnormal postpartum 
bleeding because of retained placental tissue. In cases o f abnor
mal postpartum bleeding, ultrasound examination may be a 
useful adjunct in detecting patients who have retained tissue 
or clot and who will therefore benefit from uterine evacua
tion and curettage. Those who have an empty uterine cavity 
may respond to therapy with oxytocin or methylergonovine.8

Cervix
During pregnancy, the cervical epithelium increases in thickness, 
and the cervical glands show both hyperplasia and hypertrophy. 
W ithin the stroma, a distinct decidual reaction occurs. These 
changes are accompanied by a substantial increase in the vascu
larity of the cervix. Colposcopic examination performed after 
delivery has demonstrated ulceration, laceration, and ecchymo- 
sis of the cervix. Regression of the cervical epithelium begins 
within the first 4 days after delivery, and by the end of the first 
week, edema and hemorrhage within the cervix are minimal. 
Vascular hypertrophy and hyperplasia persist throughout the 
first week postpartum. By 6 weeks, most of the antepartum

changes have resolved, although round cell infiltration and some 
edema may persist for several months.

Fallopian Tube
The epithelium of the fallopian tube during pregnancy is char
acterized by a predominance of nonciliated cells, a phenomenon 
maintained by the balance between the high levels of progester
one and estrogen. After delivery, in the absence of progesterone 
and estrogen, further extrusion of nuclei from nonciliated cells 
occurs along with diminution in height of both ciliated and 
nonciliated cells. The number and height of ciliated cells can be 
increased in the puerperium by treatment with estrogen.

Fallopian tubes removed between postpartum days 5 and 15 
demonstrate inflammatory changes of acute salpingitis in 38% 
of cases, but no bacteria are found. The specific cause of the 
inflammatory change is unknown. Furthermore, no correlation 
has been found between the presence of histologic inflammation 
in the fallopian tubes and puerperal fever or other clinical signs 
of salpingitis.

Ovarian Function
Most women who breastfeed their infants are amenorrheic 
for extended periods of time, often until the infant is weaned. 
Using a variety of methods to indicate ovulation, several studies 
have demonstrated that ovulation occurs as early as 27 days 
after delivery, with the mean time being about 70 to 75 days 
in nonlactating women.1 Among women who are breast
feeding their infants, the mean time to ovulation is about 
6 months.

Menstruation resumes by 12 weeks postpartum in 70% 
of women who are not lactating. The mean time to the first 
menstruation is 7 to 9 weeks. Depending on the population, as 
well as social and nutritional factors of the lactating woman, 
regular menstruation may be delayed as long as 36 months. The 
duration of anovulation depends on the frequency of breastfeed
ing, the duration of each feed, and the proportion of supple
mentary feeds.10 In a woman exclusively breastfeeding, the 
likelihood o f ovulation within the first 6 months postpartum 
is 1% to 5%.

The hormonal basis for puerperal ovulation suppression in 
lactating women appears to be the persistence of elevated serum 
prolactin levels. Prolactin levels fall to the normal range by the 
third week postpartum in nonlactating women but remain ele
vated into the sixth week in lactating women. Estrogen levels 
fall immediately after delivery in both lactating and nonlactating 
women and remain depressed in lactating patients. In those who 
are not lactating, estrogen levels begin to rise 2 weeks after 
delivery and are significantly higher than in lactating women by 
postpartum day 17. Follicle-stimulating hormone (FSH) levels 
are identical in breastfeeding and nonbreastfeeding women, 
which suggests that the ovary does not respond to FSH stimula
tion in the presence of increased prolactin levels.

Weight Loss
One of the most welcome changes for most women who have 
recently given birth is the loss of the weight that was gained 
during pregnancy. The immediate loss of 10 to 13 lb is attrib
uted to the delivery of the infant, placenta, and amniotic fluid 
and to blood loss. However, most women will not manifest that 
loss until 1 to 2 weeks after delivery because of postpartum fluid 
retention. The physiologic stress of labor and delivery induces 
hormonal changes, including increased antidiuretic hormone,
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502 Section IV Postpartum Care

that lead to a short period of sodium and water retention. W ith 
operative birth or epidural anesthesia with fluid boluses, the 
total body water increases dramatically. M ild pedal edema is also 
common as the extra fluid moves temporarily into the third 
space. Women may be reassured that this temporary dependent 
edema is secondary to this fluid retention. The short period of 
weight gain from fluid retention that occurs immediately after 
delivery is sometimes referred to as the ebb phase of physiologic 
response. The diuresis at 4 to 7 days is sometimes called the flow  
phase. It is not uncommon to have a newly delivered mother 
express mild anxiety about “gaining weight “after delivery.

For most women, weight loss postpartum does not tend to 
compensate for weight gain during gestation. By 6 weeks 
postpartum, only 28%  o f women will have returned to their 
prepregnant weight. The remainder of any weight loss occurs 
from 6 weeks postpartum until 6 months after delivery, with 
most weight loss concentrated in the first 3 months. Women 
with excess weight gain in pregnancy (>35 lb) are likely to 
have a net gain o f 11 lb. Breastfeeding has relatively little effect 
on postpartum weight loss. W ith a program of diet and exercise, 
weight loss of about 0.5 kg/week between 4 and 14 weeks in 
overweight breastfeeding women did not affect the growth of 
their infants.11 Similarly, aerobic exercise has no adverse effect 
on lactation.12 In a longitudinal study of pregnancy weight gain, 
540 women were followed for 5 to 10 years (mean, 8.5 years) 
after their index pregnancy. Women who returned to their pre
pregnancy weight by 6 months after delivery were much more 
likely to have gained less weight at the 5- to 10-year follow-up 
compared with women who retained their pregnant weight 
gains. In this cohort, breastfeeding and aerobic exercise were 
associated with a significantly lower weight gain over tim e.1' A 
study of 1656 deliveries in a retrospective cohort found that 
pregnant weight gain greater than the recommended amount 
was directly related to the increased weight of women 1 year 
later.14 Postpartum exercise programs improve long-term effects 
on health and risks for chronic disease.15,16 Phelan1 emphasized 
that pregnancy and the postpartum period are “teachable 
moments,” ideal for counseling women about weight control. 
Given the epidemic of obesity in Western society, dietary 
counseling— along with recommendations for exercise— is an 
important addition to health maintenance. However, interven
tions are, as might be expected, more effective for postpartum 
weight loss and retention of weight loss.18 A Cochrane Review 
analyzed literature on weight-loss programs and found that 
diet and diet plus exercise are most effective for postpartum 
weight loss.11

Thyroid Function
Thyroid size and function (see Chapter 42) throughout preg
nancy and the puerperium have been quantitated with ultra
sonography and thyroid hormone levels.2" Thyroid volume 
increases about 30% during pregnancy and regresses to normal 
gradually over a 12-week period. Thyroxine and triiodothyro
nine, both elevated throughout pregnancy, return to normal 
within 4 weeks postpartum. For women taking thyroid medi
cations, it is appropriate to check thyroid levels at 6 weeks 
postpartum to adjust dosing. It is now recognized that the post
partum period is associated with an increased risk for the devel
opment of a transient autoimmune thyroiditis that may in 
some cases evolve into permanent hypothyroidism. The relation
ship between subclinical thyroid dysfunction and postpartum 
depression (PPD) is controversial.21'23

Postpartum thyroiditis (PPT) is an autoimmune disease 
that may present with hyperthyroid or hypothyroid symp
toms, and it occurs in 2% to 17%  o f women with a mean 
incidence o f about 10% . PPT will occur in up to 25%  of 
women with type 1 diabetes. Women with gestational and type
2 diabetes also have a slightly increased risk. Only that subset of 
women who develop symptoms should be treated. Puerperal 
hypothyroidism often presents with symptoms that include mild 
dysphoria; consequently, thyroid function studies are suggested 
in the evaluation of patients with suspected PPD that occurs
2 to 3 months after delivery. Hyperthyroid symptoms are 
best treated with (3-blockers, and hypothyroid symptoms with 
thyroid supplementation. Both are acceptable with breastfeed
ing. Methimazole and propylthiouracil are also safe during lacta
tion. From 5% to 30%  o f women with PPT eventually 
develop hypothyroidism. If a woman becomes symptomatic 
and is treated, it is reasonable to stop medications after 1 year 
and reevaluate thyroid status before the patient considers becom
ing pregnant again.21 23

Cardiovascular System, Immunity, 
and Coagulation
Blood volume increases throughout pregnancy to levels in the 
third trimester that are about 35% above nonpregnant values. 
The greatest proportion of this increase consists o f an expansion 
in plasma volume that begins in the first trimester and amounts 
to an additional 1200 mL of plasma, which represents a 50% 
increase by the third trimester. Red blood cell volume increases 
by about 250 mL.

Immediately after delivery, plasma volume is diminished by 
about 1000 mL secondary to blood loss. By the third postpar
tum day, the plasma volume is replenished by a shift of extracel
lular fluid into the vascular space. In contrast, the total blood 
volume declines by 16% of the predelivery value, which suggests 
a relative and transient anemia. By 8 weeks postpartum, the red 
cell mass has rebounded and the hematocrit is normal in most 
women. As total blood volume normalizes, venous tone also 
returns to baseline. In a prospective evaluation of 42 women, at
4 and 42 days postpartum, significant reduction in deep vein 
vessel size and a concomitant increase in venous flow velocity in 
the lower extremities were observed.24

Pulse rate increases throughout pregnancy, as does stroke 
volume and cardiac output. Immediately after delivery, these 
remain elevated or rise even higher for 30 to 60 minutes. Fol
lowing delivery, a transient rise of about 5% occurs in both 
diastolic and systolic blood pressures throughout the first 4 days 
postpartum. Data are scant regarding the rate at which cardiac 
hemodynamics return to prepregnancy levels. Early studies 
suggested cardiac output had returned to normal when mea
surements were made 8 to 10 weeks postpartum. Clapp and 
Capeless25 performed longitudinal evaluations of cardiac func
tion at bimonthly intervals in 30 healthy women using M-mode 
ultrasound before pregnancy; during gestation; and at 12, 24, 
and 52 weeks postpartum. Cardiac output and left ventricular 
volume peaked at 24 weeks’ gestation, with a slow return to 
prepregnancy values over the year of the study. However, even 
1 year after delivery, a significantly higher cardiac output 
was observed in both nulliparous and multiparous women 
compared with prepregnancy values. The authors suggested 
that this “cardiac remodeling” from pregnancy may last for 
an extended time in healthy women. Anecdotally, elite athletes 
have tried to take advantage of this physiologic boost to
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Chapter 23 Postpartum Care and Long-Term Health Considerations 503

cardiac function by planning pregnancies a year before major 
sporting events.

Pregnancy is known to be a time of significantly increased 
coagulability that persists into the postpartum period (see 
Chapter 45).26 The greatest level of coagulability is observed 
immediately after delivery and for the following 48 hours. 
Fibrinogen concentrations gradually diminish over the first 2 
weeks postpartum. Compared with antepartum values, a rapid 
decrease in platelets is observed in some patients, whereas no 
change or an increase is seen in others. W ithin 2 weeks after 
delivery, the platelet count rises, possibly as a marker of increased 
bone marrow output as red cell mass is replaced. Fibrinolytic 
activity increases in the first 1 to 4 days after delivery and returns 
to normal in 1 week as measured by levels of plasminogen activa
tion inhibitor 1. D-dimer levels are increased over pregnancy 
levels and are a poor marker of thrombus formation. Protein-S 
levels and activated protein-C resistance are decreased for up 
to 6 weeks or longer. In general, tests for thrombophilia 
and hemostasis should be delayed if  possible for 10 to 12 weeks. 
The changes in the coagulation system, together with vessel 
trauma and immobility, account for the increased risk for 
thromboembolism noted in the puerperium, especially when an 
operative delivery has occurred. A large multicenter study* 
over a 4 % -year period in California found that in 1,688,000  
primiparous deliveries, the incidence o f thrombotic events 
was higher in the first 6 weeks after delivery compared with 
the same period 1 year later (odds ratio [OR], 10.8; 95% 
confidence interval [C l], 7.8 to 15.1). However, the authors 
noted that the risk remained increased between 7 and 12 
weeks postpartum (OR, 2.2; 95% C l, 1.5 to 3.1). The risk of 
a thrombotic event increased to 22.1 per 100,000 deliveries 
from delivery to 6 weeks postpartum and was increased by 
3.0 per 100,000 from 7 through 12 weeks.

The immune system, which is m ildly suppressed dur
ing pregnancy— particularly cellular-mediated immunity— 
rebounds after delivery. This rebound may lead to “flare-ups” of 
autoimmune disease and latent infections with inflammatory 
reactions. The inflammatory reactions are what often produce 
the clinical symptoms. Autoimmune thyroiditis, multiple scle
rosis, and lupus erythematosus are examples o f some o f the 
diseases that may show an increase in disease activity in the 
first few months postpartum.2’ Large cross-sectional studies of 
population databases have noted hospital admission rates after 
delivery to be higher than expected for age-matched controls; 
readmissions are related to infections such as pneumonia, cho
lecystitis, and appendicitis. Overall, postpartum readmission 
rates vary from 0.8%  to 1.5%  for vaginal delivery and 1.8%  
to 2.7%  for cesarean birth.

Urinary Tract and Renal Function
It is generally accepted that the urinary tract becomes dilated 
during pregnancy, especially the renal pelvis and the ureters 
above the pelvic brim. These findings, demonstrated 70 years 
ago, show that the collecting system of the right kidney is 
affected more than that of the left, and this dilation is caused 
by compression of the ureters by the adjacent vasculature 
and enlarged uterus, combined with the effects of progester
one. Ultrasound studies of the urinary tract also document the 
enlargement of the collecting system throughout pregnancy. A 
study of serial ultrasound examinations of the urinary tract in 
20 women throughout pregnancy included a single postpartum 
examination 6 weeks after delivery. The overall trend was that

of dilation of the collecting system throughout pregnancy, esti
mated by measurements of the separation of the pelvicaliceal 
echo complex, from a mean of 5 mm (first trimester) to 10 mm 
(third trimester) in the right kidney and from 3 to 4 mm in the 
collecting system for the left kidney. Measurements in all but 
two patients had returned to prepregnancy status at the time of 
the 6-week postpartum examination.

Serial nephrosonography on 24 patients throughout preg
nancy and the puerperium32 demonstrated that more than half 
of the patients at 12 weeks postpartum had persistence of urinary 
stasis, described as a slight separation of the renal pelvis. This 
finding is evidence of hyperdistensibility and suggests that preg
nancy has a permanent effect on the size of the upper renal tract. 
Intravenous urography studies also suggest that subtle anatomic 
changes take place in the ureters that persist long after the preg
nancy has ended. Ureteral tone above the pelvic brim, which in 
pregnancy is higher than normal, returns to nonpregnant levels 
immediately after cesarean delivery.

Studies in which water cystometry and uroflowmetry were 
performed within 48 hours of delivery and again 4 weeks post
partum demonstrated a slight but significant decrease in bladder 
capacity (from 395.5 to 331 mL) and volume at first void (from 
277 to 224 mL) in the study interval. Nevertheless, all the uro- 
dynamic values studied were within normal limits on both occa
sions. The results were not affected by the weight of the infant 
or by an episiotomy; however, prolonged labor and the use of 
epidural anesthesia appeared to diminish postpartum bladder 
function transiently.

The most detailed study of renal function in normal preg
nancy is that of Sims and Krantz,33 who studied 12 patients with 
serial renal function tests throughout pregnancy and for up to
1 year after delivery. Glomerular filtration, which increased by 
50% early in pregnancy and remained elevated until delivery, 
returned to normal nonpregnant levels by postpartum week 8. 
Endogenous creatinine clearance, sim ilarly elevated throughout 
pregnancy, also returned to normal by the eighth postpartum 
week. Renal plasma flow increased by 25% early in pregnancy, 
gradually diminished in the third trimester (even when mea
sured in the lateral recumbent position), and continued to 
decrease to below-normal values in the postpartum period for 
up to 24 weeks. Normal values were finally established by 50 to 
60 weeks after delivery. The reason for the prolonged PPD of 
renal plasma flow is not clear.

Because o f the variable changes in renal clearance, mothers 
who take medications whose dosages have been changed 
because o f the physiologic adaptations o f pregnancy will 
need to have medication levels rechecked. This should be 
done at 4 to 6 weeks postpartum.

Hair Growth and Bone Loss
Hair growth is altered in pregnancy and postpartum. After deliv
ery, a more rapid hair turnover is seen for up to 3 months. As a 
greater percentage of hair begins to undergo the growth phase, 
more hair falls out with combing and brushing. The loss is in a 
diffuse, not balding, pattern. This transient phenomenon is 
called telogen effluvium, and the patient may be reassured 
that her hair growth will return to normal within a few 
months and that the excess hair lost in the comb or brush 
will regrow.

Several investigators have reported on bone mineral changes 
with lactation and the associated amenorrhea. After delivery, a 
generalized decrease in bone mineralization is seen that is
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504 Section IV Postpartum Care

temporary and resolves by 12 to 18 months postpartum in most 
women.34 Bone loss appears to be greater in the femoral neck 
than in other areas of the skeleton.35'36 Calcium supplementation 
does not seem to ameliorate the bone loss because it is not a 
problem of inadequate calcium stores, and exercise does not 
prevent it.37 For almost all women, the bone loss is self-limited 
and reversible. Recent investigations have found that postpar
tum aerobic exercises decrease the bone loss associated with 
lactation.38

Management of the Puerperium
For most parturients, the immediate puerperium is spent in the 
hospital or birthing center. The ideal duration of hospitalization 
for patients with uncomplicated vaginal births has been contro
versial and culturally determined. During World War II, early 
discharge with nurse follow-up was initiated to support the “war 
bride” baby boom.39 In the 1950s, the lying-in period after 
delivery was 8 to 14 days.40 Today, most women stay in the 
hospital 24 to 48 hours after a vaginal birth. For patients 
with an uncomplicated postoperative course following cesarean 
delivery, the postpartum stay is 2 to 4 days. The optimal time is 
dependent on a patients needs and home support. About 3% 
of women who have vaginal deliveries and 9% of women who 
have cesarean deliveries have at least one childbirth-related com
plication that requires longer hospitalization after delivery or 
readmission to the hospital.41 Studies that have evaluated the 
safety and outcomes of discharge before 48 hours have relied on 
nurse or midwife home visits. Unfortunately, most insurers do 
not cover this service.

In one study, 1249 randomly selected patients were ques
tioned 8 weeks after delivery about health problems that occurred 
during the puerperium.42 Eighty-five percent reported at least 
one problem during their hospitalization, and 76% noted at 
least one problem that persisted for 8 weeks. M any types of 
problems were reported by the patients, including a painful 
perineum, difficulty with breastfeeding, urinary tract infection, 
urinary and fecal incontinence, and headache. Three percent 
of the patients had been rehospitalized, most commonly for 
abnormal bleeding or infection. This study draws attention to 
a substantial amount of symptomatic morbidity that occurs 
during the puerperium. Although longer hospitalization may 
not improve perineal pain or incontinence, open lines of com
munication with patients between discharge and the 6-week visit 
affect patient self-care and promote a more positive patient 
experience. A study43 of 597,000 women from New Zealand 
who delivered over an 8-year period documented that shorter 
postpartum hospital stays had no effect on readmission rates. In 
this study, lactation/breast problems, delayed postpartum 
hemorrhage, and post—cesarean delivery wound infections 
were the major causes o f readmission.

In particular, lactation consultation may help to improve 
effective breastfeeding, and consideration should be given to 
postponing discharge in primiparas until this service can be 
performed. As is obvious, home visits and interventions improve 
lactation effectiveness and duration, postpartum weight loss, and 
psychological well-being after pregnancy loss.

If a patient has adequate support at home (i.e., help with 
housekeeping and meal preparation), an extended hospital stay 
is of little value, provided the mother is adequately educated 
about infant care and feeding and in the identification of 
danger signs in either the infant or herself. Except for an 
increased incidence o f rehospitalization o f some neonates for

hyperbilirubinemia, postpartum hospitalization o f less than 
48 hours has few disadvantages for many patients. 44‘47 For
mothers who do not have adequate support at home and who 
are insecure about infant care and feeding, extending the hospi
tal stay will provide time for them to gain adequate education 
and some measure of self-confidence. Written and video presen
tations are also efficient means of patient education. To be most 
helpful, educational material should be presented before deliv
ery, sometime in the late third trimester, and at the postpartum 
discharge. Home nursing visits can be helpful in providing 
support, education, and advice to mothers in selected situa
tions. Written materials or handouts are particularly necessary 
because memory is temporarily affected by the sleep deprivation 
that is the rule in the first few days after delivery.

Before discharge, women should be offered any vaccines 
that may be necessary to protect immunity. The measles, 
mumps, and rubella (M M R) vaccine should be given to rubella- 
nonimmune mothers. Hepatitis B; tetanus, diphtheria, and per
tussis (Tdap); M M R; and influenza vaccines are the four most 
common vaccines given. All are safe with breastfeeding.48 As 
recommended in 2012  by the Centers for Disease Control 
and Prevention (CDC), Tdap should be administered during 
pregnancy to all pregnant women, regardless o f the interval 
since the last Tdap. If Tdap was not given during preg
nancy, it should be given immediately after delivery. The 
varicella vaccine should be initiated postpartum in those 
with a negative varicella titer. s

The time from delivery until complete physiologic involu
tion and psychological adjustment has been called “the 
fourth trimester.”50 Patients should understand that lochia will 
persist for 3 to 8 weeks and that on days 7 to 14, there is often 
an episode of heavy vaginal bleeding, which occurs when the 
placental eschar sloughs. Tampons are permissible if  they are 
comfortable upon insertion and are changed frequently and if 
there are no perineal, vaginal, or cervical lacerations that pre
clude insertion of a tampon until healing has occurred. Physical 
activity such as walking up and down stairs, lifting moder
ately heavy objects, riding in or driving a car, and performing 
muscle-toning exercises can be resumed without delay if the 
delivery has been uncomplicated. M inig and associates51 
reviewed the scientific evidence behind many postpartum rec
ommendations and noted that very few if  any of the traditional 
recommendations are evidence based. Lifting, sexual activity, 
driving, and exercise do not need to be overly restricted, even 
for women after cesarean births. Instructions regarding exercise 
are patient specific. Studies have found that postpartum exercise 
has no effect on lactation but may decrease anxiety levels and 
symptoms of PPD.5’"54 As such, exercise may have benefits 
beyond the mother’s desire to “get back into shape.” The most 
troublesome postpartum symptoms are lethargy and fatigue. 
Consequently, every task or activity should be a brief one in the 
first few days of the puerperium. Mothers whose lethargy persists 
beyond several weeks must be evaluated, especially for thyroid 
dysfunction and PPD.

Sexual activity may be resumed when the perineum is 
comfortable and when bleeding has diminished. The desire 
and willingness to resume sexual activity in the puerperium 
varies greatly among women, depending on the site and state of 
healing of perineal or vaginal incisions and lacerations, the 
amount of vaginal atrophy secondary to breastfeeding, and the 
return of libido,55 which is greatly affected by sleep patterns 
among other new issues. Although the median time to vaginal
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intercourse after delivery is 6 weeks, 90% of women resume 
sexual activity by 3 months.56 Nevertheless, as many as 80% of 
women have sexual problems at 8 to 12 weeks, including painful 
intercourse,56,57 and a substantial proportion have dyspareunia 
that lasts for a year or more.58,59 Signorello and coworkers60 
noted a 2.5-fold increased risk for dyspareunia 6 months after 
operative vaginal delivery compared with other subsets of post
partum women. For all women, breastfeeding at 6 months is 
associated with a more than fourfold increase in dyspareunia. 
Similarly, a large review of studies examining postpartum sexual
ity noted the greatest incidence of sexual dysfunction to be 
associated with operative vaginal delivery.61 Cesarean delivery 
is associated with a decreased incidence o f dyspareunia com
pared with vaginal birth only for the first 6 months, after 
which the rates become similar. In contrast, 25% of all women 
reported a heightened sexual pleasure 6 months after delivery.

Postpartum dyspareunia is not always related to vulvar trauma 
and occurs in some women who have a cesarean delivery. Dys
pareunia has also been observed in women who use oral contra
ceptives and do not breastfeed, suggesting that lack of estrogen 
effect on the vagina is not the major cause of postpartum dys
pareunia. In a study of 50 parturients, Ryding62 found that 20% 
had little desire for sexual activity 3 months after delivery, and 
an additional 21% had complete loss of desire or aversion to 
sexual activity. This variation in attitude, desire, and willingness 
must be acknowledged when counseling women about the 
resumption of sexual activity. Women who breastfeed tend to 
begin intercourse later than the average, and women who have 
had a cesarean delivery tend to begin sooner.63 Clinicians com
monly advise pregnant women on the use of vaginal lubricants 
for sexual activity in the first few months postpartum because 
of the decreased natural lubrication with lower estrogen levels. 
This may be included in the written handouts given to patients 
when they go home. Astroglide gel and Comfort gel are more 
commonly recommended lubricants; KY Jelly is typically too 
dry. If patients are using barrier contraception, they should be 
advised against the use o f petroleum-based lubricants such as 
Vaseline. If dyspareunia persists, a small amount of estrogen 
cream applied daily to the vagina may be helpful in breastfeeding 
women with atrophic changes. Clinicians may also counsel 
women about using different sexual positions if  deeper penetra
tion with male partners is uncomfortable.51

M any patients return to work situations outside the home 
after their pregnancies. Frequently, the physician must complete 
insurance or employer forms to establish maternity leave for 
patients. As mentioned earlier, the 6-week return in the United 
States is derived from tradition, and 8 weeks are often allowed 
after a cesarean delivery. Women will often experience discom
fort, tiredness, and breast soreness well beyond 6 weeks. Similar 
to the return to exercise and sexual activity, the return to 
work should be individualized. Other nations and cultures 
have different standards for returning to prepregnancy routines. 
In China, 30 days is common, whereas in Western Europe 
and Canada, maternity leave from several months to a year is 
common.

HEALTH MAINTENANCE
The postpartum visit is scheduled at the time o f discharge 
and routinely occurs 4  to 6 weeks after delivery. Some women 
may benefit from a visit sooner, such as women at risk 
for depression, those with a more complicated labor and

delivery, and women who underwent a cesarean section 
for delivery. At this visit, breastfeeding can be addressed along 
with incisional checks and assessment of mood. Studies have 
shown that a routine postpartum visit to the physician 1 or 2 
weeks after delivery or a home visit by a nurse midwife does 
little to reduce maternal or infant morbidity.64,65 However, for 
the patient with antepartum or intrapartum difficulties, this 
early postpartum visit or home visit by a nurse or nurse mid
wife is more productive in detecting problems and providing 
support for the mother. Thus the need for this visit should be 
individualized.66 Late puerperal infections, PPD, and problems 
with infant care and feeding often occur before the 6-week 
postpartum visit. Open-ended questions should be asked to 
detect problems.

At the routine postpartum visit, questions regarding 
depression, energy, sexuality, contraception, and future preg
nancies should be addressed. Unfortunately, some women 
skip their 6-week postpartum check, deferring questions of 
contraception. A copy of the Edinburgh postnatal depression 
scale (EPDS) is provided in Box 23-2. It may be used as a fast, 
reliable, and user-friendly tool to screen for depression. It is 
helpful to solicit questions about how women feel after the 
delivery because they may be hesitant to ask questions spontane
ously, especially with regard to sexuality and incontinence. If 
health issues need to be addressed, such as blood glucose or 
thyroid level assessment, they may be performed or scheduled 
at this visit.

Women with chronic medical diseases such as collagen 
vascular disease, autoimmune disorders, and neurologic con
ditions should be considered for visits at closer intervals 
because many patients with these disorders experience flare- 
ups o f their symptoms after delivery. Ideally, these visits 
should be scheduled in advance with the patient’s primary 
care or subspecialty physician. Prophylactic therapy is not 
recommended for women with systemic lupus erythematosus or 
multiple sclerosis. However, warning patients to be attuned to 
signs and symptoms that reflect a flare-up of their illness allows 
for early and more effective interventions. For women with 
epilepsy, special attention to medication doses with the changing 
renal clearance is necessary. Additionally, increased postpartum 
sleep deprivation may induce a lower seizure threshold.

Perineal and Pelvic Care
M any women who give birth have lacerations of the perineum 
or vagina. When an episiotomy is performed in the United 
States, it is often performed as a midline, rather than as a medio
lateral, incision. In the absence of hematoma or extensive ecchy- 
mosis, and provided that the incision or laceration does not 
extend beyond the transverse perineal muscle, if  a satisfactory 
repair has been accomplished, there is little need for perineal 
care beyond routine cleansing with a bath or shower. Analgesia 
can be accomplished in most patients with nonsteroidal antiin
flammatory drugs (NSAIDs) such as ibuprofen or naproxen 
sodium. These drugs are superior to acetaminophen or propoxy
phene for episiotomy pain and uterine cramping. Furthermore, 
because of a low milk/maternal plasma drug concentration ratio, 
a short half-life, and transformation into glucuronide metabo
lites, ibuprofen is safe for nursing mothers.

A patient who has had a mediolateral episiotomy, third- or 
fourth-degree perineal laceration, periurethral lacerations, or 
extensive perineal bruising may experience considerable perineal 
pain.67 Occasionally, the pain and periurethral swelling prevent
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506 Section IV Postpartum Care

BOX 23-2 EDINBURGH POSTNATAL DEPRESSION SCALE

In the past 7 days; __Yes, som etim es I haven 't been cop ing as w e ll as

1. I have been able to  laugh and see the fun ny  side o f usual.
th ings. __No, m ost o f the tim e  I have coped qu ite  w e ll.

__As m uch as I always could __No, I have been cop ing as w e ll as ever.

__Not qu ite so m uch now 7. I have been so unhappy tha t I have had d ifficu lty

__Defin ite ly not so m uch now sleeping.

__Not at all __Yes, m ost o f the tim e
2. I have looked fo rw a rd  w ith  en joym ent to  th ings. __Yes, som etim es

__As m uch as I ever did __Not very often

__Rather less than I used to __No, not at all
__D efin ite ly  less than I used to 8. I have fe lt sad o r m iserable.

__Hardly at all __Yes, m ost o f the tim e
3. I have blam ed m yself unnecessarily w hen th in gs  w ent __Yes, qu ite  often

w rong . __Not very  often

__Yes, m ost o f the tim e __No, not at all
__Yes, som e o f the tim e 9. I have been so unhappy tha t I have been crying.

__Not very often __Yes, m ost o f the tim e

__No, never __Yes, qu ite  often
4. I have been anxious o r w o rried  fo r no good reason. __O nly occasionally

__No, no t at all __No, never

__Hardly ever 10. The th o u g h t o f harm ing m yse lf has occurred to  me.

__Yes, som etim es __Yes, qu ite  often
__Yes, very  often __S om etim es

5. I have fe lt scared or panicky fo r  no good reason. __H ardly ever
__Yes, qu ite  a lot __Never
__Yes, som etim es Response categories are scored 0, 1, 2, and 3 according to

__No, not much increased severity o f the sym ptom . Item s 3 and 5 th rough  10

__No, not at all are reverse scored (3, 2, 1, 0). The to ta l score is calculated

6. Things have been ge tting  on to p  o f me. by adding tog e the r the scores fo r each o f the 10 items.

__Yes, m ost o f the tim e  I haven 't been able to  cope at
all.

From Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression: development o f the 10-item Edinburgh Postnatal Depression Scale. Br J  Psy
ch ia try . 1987:150:782.

the patient from voiding, making urethral catheterization neces
sary. W hen a patient complains of inordinate perineal pain, the 
first and most important step is to reexamine the perineum, 
vagina, and rectum in an effort to detect and drain a hematoma 
or to identify a perineal infection. Perineal pain may be the 
first symptom o f the rare but potentially fatal complications 
o f angioedema, necrotizing fasciitis, or perineal cellulitis.

In cases of moderate perineal pain, sitz baths will provide 
additional pain relief. Although hot sitz baths have long been 
customary therapy for perineal pain, there is rationale for using 
cold or “iced” sitz baths. This therapy is similar to that for the 
treatment of athletic injuries, for which considerable success has 
been achieved with cold therapy. Cold provides immediate pain 
relief as a result of decreased excitability of free nerve endings 
and decreased nerve conduction. Further pain relief comes from 
local vasoconstriction, which reduces edema, inhibits hematoma 
formation, and decreases muscle irritability and spasm. Patients 
who have alternated using hot and cold sitz baths usually prefer 
the cold. The technique for administering a cold sitz bath is to 
first have the patient sit in a tub of room-temperature water to 
which ice cubes are then added; this avoids the sensation of 
sudden immersion in ice water. The patient remains in the ice 
water for 20 to 30 minutes. Patients with perineal incisions 
or lacerations should be advised to postpone sexual intercourse 
until perineal discomfort has abated. The application of a peri
neal ice pack beyond the customary 6 to 8 hours may also be 
considered. Tampons may be inserted whenever the patient is

comfortable doing so. However, to avoid any risk for toxic shock 
syndrome, the use of tampons should be confined to daytime to 
prevent leaving a tampon in the vagina for prolonged periods.

Frequently, what appears to be severe perineal pain is in fact 
the pain of prolapsed hemorrhoids. W itch hazel compresses, 
suppositories that contain corticosteroids, or local anesthetic 
sprays or emollients may be helpful. Occasionally, a thrombus 
occurs in a prolapsed hemorrhoid. W hen performed by an 
obstetrician or a general surgeon trained in this procedure, it is 
a simple task to remove the thrombus through a small scalpel 
incision using local anesthesia. Dramatic relief of pain usually 
follows this procedure. Stool softeners, laxatives, or both should 
be discussed for women with hemorrhoids. Some women 
suffer from prolonged pelvic girdle pain. Predictors of this type 
of pain include a history of low back pain, pelvic girdle pain 
during pregnancy, and painful postures at their place of 
employment.68

Urinary and anal incontinence is a significant problem 
in women after delivery.69 Weidner and colleagues 0 studied 58 
primiparous women after delivery and found levator ani neu
ropathy in 14 of 58 women (24.1%) at 6 weeks. Nine women 
recovered by 6 months. Seventeen of the 58 women had the 
neuropathy unresolved at 6 months postpartum, which included
12 newly identified injuries. Elective cesarean delivery was pro
tective for neuropathy in this series, yet labor with subsequent 
cesarean delivery was not protective. About one third of women 
at 8 weeks and 15% of women at 12 weeks had urinary
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Chapter 23 Postpartum Care and Long-Term Health Considerations 507

incontinence. As would be expected, incontinence has a very 
detrimental effect on quality of life. 1 A strong predictor for 
incontinence after delivery is a history of prior urinary inconti
nence or new-onset incontinence during the index pregnancy. 
In addition to urinary incontinence, 3% to 10% of women have 
anal incontinence 3 months after vaginal birth, and most experi
ence flatal, rather than fecal, incontinence.69,72,73 Forceps-assisted, 
but not vacuum-assisted, vaginal delivery is associated with a 
twofold increased risk for fecal incontinence in primparas. * 
Similarly, anal sphincter disruption in nulliparas is associated 
with a 2.3-fold increase in anal incontinence 5 years after deliv
ery. s Nulliparous women with sphincter disruption or operative 
vaginal delivery should be screened specifically for symptoms at 
follow-up visits.

Perineal exercises were developed by Kegel in 1948 and 
involve voluntary contraction of the pelvic floor. These exercises 
and consequent refinements are termed p e lv ic flo o r  muscle train
ing (PFMT). The exercises are best taught by a trained instructor 
in a comfortable environment. PFMT may be initiated before 
delivery or after, and exercises are performed several times a day. 
Multiple well-designed studies and reviews have evaluated data 
from over 10,000 women to assess the value of PFMT for both 
prevention and treatment.69,76'79 The results of PFMT appear 
mixed. In summary, training begun antepartum and reinforced 
after delivery shows significant benefits for prevention of urinary 
incontinence up to 6 months postpartum. Counseling and 
handouts are significantly inferior to instructor training with 
biofeedback; the more intense the program, the more effective. 
PFMT begun postpartum for a mixed population of symptom
atic and asymptomatic women is m inimally effective. However, 
symptomatic women experience significant improvement 
when PFMT is begun postpartum with instructor training 
and reinforcement. Long-term (10-year) benefits for inconti
nence and pelvic prolapse are minimal, although symptom 
rates are m ildly decreased in women who performed PFMT. 
All studies emphasize the value of hands-on interventions and 
follow-up as well as the difficulty of studying mixed populations 
with varying degrees of vaginal disruption.69"75

If symptoms o f either urinary or flatal incontinence persist 
for more than 6 months, evaluation should be undertaken to 
define the specific neuromuscular or anatomic abnormality 
so that the appropriate treatment can be initiated. Women 
should be counseled regarding this plan at their postpartum visit 
so that they can return if  symptoms persist. If possible, antepar
tum PFMT should be offered to primiparous women.

Delayed Postpartum Hemorrhage 
and Postpartum Anemia
The causes and management of immediate postpartum hemor
rhage are discussed in Chapter 18. Delayed postpartum uterine 
bleeding o f sufficient volume to require medical attention 
occurs in 1% to 2% o f patients. One o f the most common 
causes o f postpartum hemorrhage seen 2 to 5 days after 
delivery is von Willebrand disease. Von Willebrand factor 
increases in pregnancy, and thus excessive bleeding usually does 
not occur in the first 48 hours after birth. Women who present 
with bleeding more than 48 hours after delivery should be 
screened for this condition.

Delayed bleeding occurs most frequently between days 8 
and 14 of the puerperium.80 Significant bleeding may require 
treatment with uterotonic agents or curettage. When suction 
evacuation and curettage are performed, retained gestational

products— usually in small amounts— will be found in about 
40% of cases.81,82 W hether small placental remnants are the 
cause is unknown. In the management o f patients with heavy 
delayed bleeding, ultrasound examination can be used to 
help determine whether a significant amount o f retained 
material is present, although it is sometimes difficult to 
distinguish between blood clot and retained placental frag
ments (see Fig. 23-1). Suction evacuation of the uterus is suc
cessful in arresting the bleeding in almost all cases regardless 
of whether histologic confirmation of retained gestational prod
ucts is obtained. If curettage is required at this time, especially 
if  a sharp curette is used, a course of broad-spectrum antibiotics 
with anaerobic coverage should be initiated before surgery for 
their possible benefit in reducing the formation of uterine syn- 
echiae and the sequelae of Asherman syndrome. The curettage 
should be performed with care because the postpartum uterine 
wall is soft and easy to perforate. In those rare instances in which 
delayed postpartum hemorrhage does not respond to the use of 
oxytocic agents and curettage, selective arterial embolization 
may be effective in controlling the bleeding. Women with post
partum hemorrhage and subsequent anemia often have excessive 
fatigue in the postpartum period. Some investigators have 
advocated the use of recombinant erythropoietin and parenteral 
iron as alternatives to transfusion for symptomatic women with 
anemia.

Significant postpartum hemorrhage may lead to problems 
with mother-infant interactions and lactation both immediately 
after delivery and in the first few weeks postpartum, particularly 
with fatigue or readmission. Early and continued attention to 
this issue is important. A study of 206 women with postpartum 
hemorrhage of 1500 mL or greater found that, other than more 
readmissions for infection and recurrent bleeding, this cohort of 
women did not manifest a greater frequency of PPD or other 
health complications.83

Postpartum Infection
Although the standard definition of postpartum febrile morbid
ity is a temperature of 38° C (100.4° F) or higher on any two 
of the first 10 days after delivery, exclusive of the first 24 hours, 
most clinicians do not wait two full days to begin evaluation 
and treatment of patients who develop a fever in the puerpe
rium. The most common cause o f postpartum fever is endo
metritis, which occurs after vaginal delivery in about 2% of 
patients and after cesarean delivery in about 10%  to 15%. 
The differential diagnosis includes urinary tract, lower genital 
tract, wound, and pulmonary infections in addition to throm
bophlebitis and mastitis. The diagnosis and management of 
postpartum infection are discussed in detail in Chapters 53 and 
54. Almost all antibiotics are safe during lactation, and these are 
discussed in Chapter 8.

Maternal-Infant Attachment
Klaus and colleagues84 were among the first investigators to 
study maternal-infant attachment and to bring attention to the 
importance of the first few hours of maternal-infant association. 
Their studies, as well as those of others, have contributed sub
stantially to major changes in hospital policies for dealing with 
patients during labor and delivery and in the postpartum period. 
It is now recognized that constant opportunities should be 
provided for parents to be with their newborns, particularly 
from the first few moments after birth and as frequently 
as possible during the first days thereafter. Immediate
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508 Section IV Postpartum Care

skin-to-skin contact is recommended. Separation of the 
mother and her infant in the first hours after birth has been 
shown to diminish or delay the development of characteristic 
mothering behaviors,85 a problem that is intensified when 
medical, obstetric, or newborn complications require intensive 
care for either the mother or her newborn infant.

Robson and Powell86 summarized the literature on early 
maternal attachment and emphasized how difficult it is to 
perform valid research studies about this phenomenon because 
of the multiple confounders. Although it is generally agreed 
that early association of the mother and infant is beneficial 
and should not be interfered with unnecessarily, doubts con
tinue to surround the long-term implications, if  any, of a lack 
of early maternal-infant association. In their monograph sum
marizing their investigations about parent-infant attachment, 
Klaus and Kennel87 warn against drawing far-reaching conclu
sions. Although favoring the theory of a “sensitive period” soon 
after birth, during which close parent-infant interaction facili
tates subsequent attachment and beneficial parenting behavior, 
these investigators concur that humans are highly adaptable and 
state that “there are many fail-safe routes to attachment.” Many 
hospitals and birth centers have recognized the importance of, 
and have placed emphasis on, the mother-baby interactions in 
the first several hours after delivery. Delaying the first bath, 
eliminating well-baby nurseries, putting the baby onto the 
mother’s chest in skin-to-skin contact (even during cesarean 
delivery), and keeping the baby in the room with the mother 
during the first pediatric evaluation are all steps to support 
and promote that interaction.

The modern maternity unit should enhance and encourage 
parent-infant attachment by such policies as free visiting hours 
for the other parent, encouragement of the other parent to room 
in with the mother and baby whenever possible, encouragement 
of the mother to have the infant room in with her, and strong 
support of breastfeeding. These policies also allow the nursing 
staff to observe parenting behavior and to identify inept, inex
perienced, or inappropriate behavior toward the infant. Some 
situations may call for more intensive follow-up by visiting 
nurses, home health visitors, or social workers to provide further 
support for the family during the posthospital convalescence. 
The role of postpartum home visits in enhancing parenting 
behavior is controversial, and Gray and colleagues88 found this 
approach beneficial. Conversely, when Siegel and coworkers89 
studied the effect of early and prolonged mother-infant contact 
in the hospital and a postpartum visitation program on attach
ment and parenting behavior, they found that early and pro
longed maternal-infant contact in the hospital had a significant 
effect on enhancing subsequent parenting behavior, but the 
postpartum home visitations had no impact.

The development of the qualities associated with good parent
ing depends on many factors. Certainly, it does not depend 
solely on what transpires in the few hours surrounding the birth 
experience. Evidence suggests that specific identification of an 
infant with its mother’s voice begins in utero during the third 
trimester. Furthermore, the parents’ own experiences as children, 
as well as their intellectual and emotional attitudes about chil
dren, play a significant role in their own parenting behavior. 
Areskog and associates90 showed that women who expressed fear 
of childbirth during the antenatal period had more complica
tions and more pain in labor and also had more difficulties in 
attachment to their infants. Consequently, the peripartum 
period provides opportunities to enhance parenting behavior

and to identify families for which follow-up after birth may be 
necessary to ensure the most favorable child development. For 
example, adolescents, particularly primiparous adolescents, are 
a particularly high-risk group because rates of domestic abuse 
are especially high in adolescent mothers.

In summary, the postpartum unit should be an environ
ment that provides parents ample opportunity to interact 
with their newborn infant. Personnel— including nurses, 
nurses’ aides, and physicians caring for mothers and infants— 
should be alert to signs of abnormal parenting (e.g., refusal of 
the mother to care for the infant, use of negative or abusive 
names in describing or referring to the infant, inordinate delay 
in naming the infant, or obsessive and unrealistic concerns about 
the infant’s health). These or other signs that maternal-infant 
attachment is delayed or endangered are as deserving of frequent 
follow-up during the postpartum period as are any of the tradi
tional medical or obstetric complications.

Lactation and breastfeeding are reviewed in detail in Chapter 
24. All cultures have emphasized the importance of breastfeed
ing, and multiple steps should be taken during the postpartum 
period to promote and enhance breastfeeding. The use of audio
visual aids, telephone hotlines, and in-service training for per
sonnel have been shown to increase the incidence of successful 
breastfeeding. The addition of home visits and active phone 
interventions cannot be underestimated (see Chapter 24).

PREGNANCY PREVENTION
Postpartum contraception use can decrease unintended preg
nancy and provides women with a method to control the timing 
of their pregnancies. A recent meta-analysis found that birth 
intervals shorter than 18 months are significantly associated 
with small size for gestational age, preterm birth, and infant 
death in the first year o f life.91 The ideal tim ing of family plan
ning advice and education about contraception has not been 
determined. Although antenatal contraceptive counseling is 
important, and women value the opportunity to discuss contra
ception during this time, several studies have demonstrated that 
antenatal education had very little effect on postpartum contra
ceptive use or subsequent pregnancy rates.92'93 Discussion about 
contraception has become a standard component o f postpar
tum care. Lopez and colleagues94 conducted a systematic review 
to examine randomized trials that evaluated the effectiveness of 
postpartum education about contraceptive use. They identified 
and included 10 trials in their review and found that about half 
of the postpartum interventions led to fewer repeat pregnancies 
or births and more contraceptive use. One study found that 
written material given at the time of hospitalization plus a dis
cussion is most helpful to mothers. Whereas the ideal method 
and timing of providing contraceptive education postpartum 
has not been identified, its importance cannot be disputed.

The percentage of women who choose to breastfeed is increas
ing. In the United States in 2010, the percentage of women who 
began breastfeeding after delivery was 77%. The percentage of 
women still breastfeeding at 6 months was 49%, up from 35% 
in 2000; at 12 months, it was 27%, up from 16%.95 Elevated 
levels of prolactin encountered during breastfeeding act at the 
level of the pituitary and the ovary to produce lactational amen
orrhea and anovulation.96 The contraceptive efficacy of lactation 
is dependent on the nutritional status of the mother, the inten
sity of suckling, and the amount of supplemental food added to 
the infant diet. ’ If a woman is exclusively breastfeeding on
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Chapter 23 Postpartum Care and Long-Term Health Considerations 509

demand both day and night, is amenorrheic, and the infant 
is less than 6 months old, the contraceptive efficacy o f lacta
tional amenorrhea is 98% .98'" Bleeding or spotting during rhe 
first 6 to 8 weeks postpartum in a fully breastfeeding woman is 
normal and is not due to ovulation. If suckling intensity and/or 
frequency is reduced, the contraceptive efficacy of lactational 
amenorrhea is reduced. After 6 months, even fully breastfeeding 
mothers have a need for contraception as infants start taking in 
other sources of nutrition. Women who pump breast m ilk do 
not do so at the same frequency as on-demand nursing, and 
pumping does not produce the same intensity that suckling 
produces; therefore a mother who pumps breast m ilk cannot rely 
on lactational amenorrhea to be 98% effective.

In nonbreastfeeding women, prolactin levels return to base
line by the third to fifth postpartum week. In two series, women 
did not ovulate prior to 25 days postpartum.98100 Therefore in 
nonbreastfeeding women, birth control is needed as soon as 3 
weeks postpartum. An argument could be made for a postpar
tum visit scheduled earlier than 6 weeks because of this observa
tion. Traditionally, women are told not to have intercourse prior 
to 6 weeks. However, studies demonstrate that many couples 
have already resumed intercourse prior to this.

A patient should be made aware of the various options for 
pregnancy prevention in terms that she and her partner can 
understand. This may be done by individual instruction from 
nurses, physicians, or midwives or by a variety of films or videos. 
The decision about family planning methods depends on the 
patient’s motivation, number of children, state of health, whether 
she is breastfeeding, and the religious background of the couple. 
It cannot be assumed that because a woman has used a method 
of contraception effectively before the current pregnancy, she 
will need no counseling thereafter. More than half of patients 
change contraceptive techniques between pregnancies. Table
23-1 lists contraceptive options, failure rates, and continuation 
rates by method.

Long-Acting Reversible Contraception
Long-acting reversible contraception (LARC) methods, 
which include intrauterine devices (IUDs) and contraceptive 
implants, are the most effective reversible methods available 
to women, with failure rates o f less than 1%. They are

TABLE 23-1 CONTRACEPTIVE EFFECTIVENESS: 
PERCENTAGE OF W O M E N  W H O  
EXPERIENCE A N  U N IN TEN D ED  
PREG NANCY DURING  THE FIRST YEAR OF 
TYPIC AL A N D  PERFECT CONTRACEPTIVE 
M ETHO D USE A N D  PERCENTAGE OF 
C O N TIN U IN G  USE A T  1 YE A R *

TYPICAL PERFECT USE AT
METHOD USE USE 1 YEAR

LNG IUD 0.2 0.2 80
Copper IUD 0.8 0.6 78
ETG Implant 0.05 0.05 84
DMPA 6 0.3 56
Ring 9 0.3 68
Patch 9 0.3 68
COCs, POPs 9 0.3 68
Male condom 15 2 49

•Includes users who fail to use a method consistently or correctly.
COC, combination oral contraception; DMPA, depot medroxyprogesterone acetate; 
ETG, etonogestrel; IUD, intrauterine device; LNG, levonorgestrel; POP, progestin-only 
contraception.

convenient methods, especially for new mothers, because they 
require little of the patient other than coming in for insertion. 
In addition to their ease of use, LARC methods are cost effective, 
and fertility returns immediately after removal, so they are good 
methods to use for women in their childbearing years. LARC 
is also very safe, well studied, and has few contraindications 
(Table 23-2). LARC methods are also safe for women to use 
while breastfeeding.

The hormonal IUD contains the progestin levonorgestrel 
(LNG), which is released at an initial rate of 20 |J-g/day and lasts 
for up to 5 years.101 The LNG IUD prevents pregnancy primarily 
by thickening the cervical mucus so that sperm cannot reach the 
upper genital tract. This IUD also thins the lining of the uterus 
but does not reliably inhibit ovulation. The main side effects are 
related to menstrual bleeding changes. Women should be coun
seled about irregular bleeding and/or spotting for several months 
after insertion. This typically improves over time and by 1 year, 
approximately 30% to 40% of women will be amenorrheic.102' 104 
For others, the amount of bleeding will be approximately 90% 
less than their normal periods.102101

The nonhormonal IUD contains copper and can be used for
10 to 12 years. Copper ions are released into the uterine cavity 
and cause spermicidal actions. The main side effects to discuss 
with patients regarding the copper IUD are related to menstrual 
bleeding changes. W ith the copper IUD, women need to be 
counseled about possible heavier periods, worsened dysmenor
rhea, and longer periods by approximately 1.5 days. The copper 
IUD may not be a first choice for women with a history of heavy, 
painful periods.

The final LARC method is the single-rod implant, usually 
placed in the inner aspect of the nondominant arm. The con
traceptive implant contains etonogestrel and acts primarily by 
inhibiting ovulation; it also causes changes to bleeding patterns, 
with irregular spotting or bleeding or amenorrhea. The bleeding 
patterns for this device are more unpredictable. The implant can 
be used for up to 3 years. Continuation rates for all three LARC 
methods are high (see Table 23-1).

LARC methods can be placed immediately after delivery 
or at another time. If IUDs are placed postpartum, the best 
practice is to place the device within 10 minutes of placental 
delivery. Insertion of an IUD is not recommended if  intrauterine 
infection is present. Devices placed immediately after delivery 
have an up to 20% risk for expulsion; those placed at the time 
of cesarean delivery versus vaginal delivery have a lower risk 
of expulsion.10" The use o f a single-rod implant in postpar
tum women does not result in changes in milk volume,

TABLE 23-2 ABSO LU TE C O N TR AIN D IC ATIO N S TO AN 
INTRAUTERINE DEVICE_____________________

CONTRAINDICATION

Current breast cancer 
Copper allergy (Wilson disease)
Pregnancy, puerperal sepsis, current gonorrhea 

or Chlamydia infection, purulent cervicitis, 
immediately postseptic abortion, current PID, 
known uterine anomaly or distorted uterine 
cavity, endometrial or cervical carcinoma, 
unevaluated unexplained vaginal bleeding, 
persistently elevated p-hCG levels or malignant 
disease in a setting of GTD, pelvic tuberculosis

GTD, gestational trophoblastic disease; hCG, human chorionic gonadotropin;
IUD, intrauterine device; PID, pelvic inflammatory disease.

DEVICE

Levonorgestrel IUD 
Copper IUD 
Both IUDs
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510 Section IV Postpartum Care

milk constituents, or infant growth rates. Although package 
labeling advises initiating the implant at 6 weeks postpartum, 
clinical experience and limited randomized trial data with 
immediate postpartum initiation is reassuring, and placement at 
this time may be in the patient’s best interest for the prevention 
of a rapid repeat pregnancy. Gurtcheff and colleagues106 random
ized women to receive the implant 1 to 2 days postpartum, 
versus 4 to 8 weeks, and found no difference between groups in 
lactation failure, time to lactogenesis stage II, use of formula 
supplementation, and m ilk composition at 6 weeks.

Injectable Contraception
Depot medroxyprogesterone acetate (DMPA) is an injectable 
progestin-only contraceptive given every 3 months. It is available 
in intramuscular and subcutaneous formulas and has a typical 
use failure rate of 6%. The mechanism of action of DMPA is to 
block the luteinizing hormone (LH) surge to prevent ovulation. 
DMPA is compatible with breastfeeding and can be given imme
diately after delivery. W hen initiated immediately or at 6 weeks 
postpartum, DMPA has not been shown to decrease the dura
tion of lactation or to affect infant weight gain .107 The main side 
effects of DMPA are irregular bleeding or amenorrhea, breast 
tenderness, weight gain, and depression. The side effect most 
likely related to discontinuation of the method is bleeding 
changes, which includes both irregular bleeding and amenor
rhea.108 Irregular bleeding decreases with increased length of 
time used. During the first year of use, the incidence of irregular 
bleeding is 70%, compared with 10% thereafter. Amenorrhea 
rates increase with increased duration of use as well. At 1 year, 
50% of users are amenorrheic; after 5 years, amenorrhea rates 
reach 80%. Counseling about the expected bleeding profile is 
important at the initiation of DMPA because many women will 
not return for a second injection because of frustrations with 
bleeding. It is also important to counsel women about the 
delayed return to fertility after discontinuation of DMPA. The 
average delay to conception after the last injection of DMPA is
9 months, and the duration of DMPA use does not affect the

109return to conception.
Limited evidence suggests that some caution should be used 

when prescribing DMPA in Hispanic women with a history of 
gestational diabetes. Some evidence suggests that in this group 
of women, DMPA use is associated with increased risk of type
2 diabetes. Much of this increased risk can be explained by clini
cal characteristics that placed the women at an increased risk for 
type 2 diabetes before starting DMPA.110 Both the World Health 
Organization (WHO) and the Centers for Disease Control and 
Prevention (CDC) give all progestin-only methods a category 1 
rating in women with a history of gestational diabetes, meaning 
no restrictions are suggested for use of the method.

Concern has also been expressed about DMPA causing mood 
changes and worsening depression, but findings from clinical 
trials have been reassuring, with no worsening of depression 
symptoms even in those women with high depression scores at 
baseline.111 112 Use o f DMPA immediately after delivery does 
not result in higher rates o f PPD.11'

Because DMPA inhibits ovarian function, estradiol levels are 
reduced, which leads to a temporary bone loss during use of 
DMPA. This bone loss is greatest during the first 2 years of use 
and declines thereafter. Reassuringly, bone mineral density 
(BMD) levels return to baseline with discontinuation of 
DMPA.114,115 Cross-sectional studies that have demonstrated 
that BMD in former DMPA users is similar to that of never

users have provided reassurance that loss of BMD associated 
with DMPA is likely transient.116,117 The clinical outcome of 
interest is whether DMPA use causes fracture risk, but no quality 
data are available to help answer this question. The American 
College of Obstetricians and Gynecologists (ACOG), American 
Academy of Pediatrics (AAP), and the W H O  acknowledge that 
DMPA is an effective and convenient contraceptive method, and 
although providers should inform patients of the potential 
effects on bone, DMPA use should not be restricted or limited. 
In addition, BMD testing in DMPA users is not indicated.

Combined Hormonal Contraception
Combined hormonal contraception (CHC) includes oral, trans- 
dermal, and vaginal estrogen- and progestin-containing contra
ception. All of these methods have a typical use failure rate of 
9%. The progestin component inhibits the LH surge and blocks 
ovulation, whereas the estrogen component inhibits FSH and 
dominant follicle formation; the added estrogen also results in 
a more regular bleeding pattern, which many women prefer. 
Before prescribing CH C, appropriate screening of the patient 
must occur because the estrogen component carries a slightly 
increased risk of venous thromboembolism (VTE) in healthy 
reproductive-age women. Box 23-3 provides a list of contrain
dications to estrogen. During the postpartum period, the risk 
of VTE is also increased 22-fold to 84-fold compared with that 
of nonpregnant, nonpostpartum reproductive-age women.118 
Ih is risk is highest during the first weeks postpartum and 
decreases with time, and the VTE risk returns to baseline by 42 
days postpartum (see Chapter 45). Adding estrogen-containing 
birth control during this timeframe may increase the VTE risk

BOX 23 -3  ABSOLUTE CONTRAINDICATIONS 
TO ESTROGEN

• Age >3 5  years and smoking >1 5  cigarettes per day
• Multiple risk factors for arterial cardiovascular disease 

(older age, smoking, diabetes, hypertension)
• Blood pressure > 1 6 0  mm Hg systolic or > 1 0 0  mm Hg 

diastolic
• Hypertension with vascular disease
• Acute DVT/PE
• Higher risk for recurrent DVT/PE or history of recurrent 

DVT/PE
• Prolonged immobilization
• Known thrombogenic mutations
• Ischemic heart disease or a history of ischem ic heart 

disease
• Stroke
• Complicated valvular heart disease
• <6 months since peripartum cardiomyopathy
• Moderately or severely impaired cardiac function
• Positive (or unknown) antiphospholipid antibodies
• Migraine with aura
• Current breast cancer
• Diabetes with end-organ vascular disease or duration 

>20 years
• Severe acute viral hepatitis
• Severe cirrhosis
• Hepatocellular adenoma
• Liver carcinoma
• Complicated solid-organ transplantation

DVT, deep venous throm boem bolism ; PE, pulm onary embolism.

ak
us

he
r-li

b.r
u
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even more; thus caution must be exercised when using CH C in 
postpartum women. In nonbreastfeeding women, CH C should 
not be used prior to 21 days postpartum.119 In women without 
additional risk factors for VTE, CH C can be used after 21 days. 
In postpartum women with additional risk factors for VTE— 
such as age 35 or older, smoking, or recent cesarean delivery— 
CHC should not be used until after 42 days postpartum, when 
VTE risk returns to baseline. In breastfeeding women, initiation 
of CHC should be delayed until after 30 days because of evi
dence of its detrimental effects on lactation, such as decreased 
duration of breastfeeding, declines in m ilk production, and the 
need for increased supplementation for the newborn.120 Breast
feeding women who have additional risk factors for VTE should 
delay initiation of CH C until after 42 days postpartum.

Progestin-Only Oral Contraception
Often called the mini pill, progestin-only pills (POPs) contain 
a low dose of progestin and are taken daily. The mechanism of 
action is thickening of the cervical mucus to block sperm entry 
into the upper genital tract. Because the hormone dose is low 
and the effects on the cervical mucus begin wearing off after 22 
hours, POPs are less forgiving if  taken late. Typical use failure 
rate for POPs is 9%. POPs are safe to take while breastfeeding 
and have no effect on m ilk volume or infant growth and devel
opment.120 Immediate initiation of POPs has not been shown 
to adversely affect breastfeeding, so they can be started immedi
ately after delivery.121 Like DMPA, evidence is limited that sug
gests in overweight or obese Hispanic women with prior 
gestational diabetes who are breastfeeding, POPs tripled the risk 
for type 2 diabetes.122

Emergency Contraception
Emergency contraception (EC) is used after unprotected sex or 
after known contraceptive failure. Available options include the 
levonorgestrel-containing progestin-only method— known as 
the Yuzpe method, in which combination estrogen-progestin 
birth control pills are used— and the copper IUD. These EC 
options can be used up to 5 days after unprotected sex, but they 
are more effective the sooner they are used. Ulipristal acetate is 
the newest EC option. It is a progestin receptor agonist/ 
antagonist and can also be used up to 5 days after unprotected 
sex. Ulipristal acetate is different in that it is as effective on the 
fifth day as on the first,123 although women who are breastfeed
ing should not take it.

Sterilization
Male and female sterilization are the most frequently used 
methods o f contraception in the United States, used by
37% o f all contraceptive users. In women who desire steriliza
tion, the puerperium is a convenient time for tubal ligation 
procedures because they can be performed at the time of a 
cesarean delivery or within the first 24 to 48 hours after vaginal 
delivery. In some hospitals, the operation is performed immedi
ately after delivery in uncomplicated patients, especially when 
epidural anesthesia is given for labor analgesia. W ith the use of 
a small paraumbilical incision, the procedure seldom prolongs 
the patient’s hospitalization.

The 10-year failure rate of postpartum partial salpingectomy 
is 0.75% .124 Several modifications of this procedure include 
the Pomeroy, Parkland, Uchida, and Irving techniques. Because 
of the relaxed abdominal wall and the easy accessibility of the 
fallopian tubes, the mini-laparotomy has the advantages of

convenience and speed without the possible risks for visceral 
injury that might occur with the trocar of the laparoscope.

Postpartum female sterilization can also be performed as an 
interval procedure unrelated to a pregnancy. One method is 
laparoscopic tubal ligation, which can be performed with tita
nium clips, Silastic bands, or cautery. Because of the newly 
discovered role the fallopian tube may play in the development 
of ovarian cancer, laparoscopic sterilization may also be chosen 
to be accomplished with bilateral salpingectomy.12’ A second 
type of interval sterilization is hysteroscopic transcervical steril
ization, in which the tubal ostia are identified hysteroscopically 
and cannulated with titanium and nickel coils. Over 3 months, 
ingrowth of the tubes into the coils occurs and the tubes become 
occluded. One advantage of hysteroscopic sterilization is that it 
may be performed with or without anesthesia in an outpatient 
setting. One disadvantage is that the woman is not sterilized the 
day of the procedure and must continue to use a reliable method 
of contraception until a hysterosalpingogram is performed 3 
months later to confirm tubal occlusion. All interval methods 
of tubal sterilization can be accomplished with a minimum of 
morbidity as outpatient procedures.

Whether performed in the puerperium or as an interval pro
cedure, the risks of tubal ligation procedures include the short
term problems of anesthetic accidents; injury to bowel, bladder, 
or blood vessels; and infection. Hysteroscopic sterilization also 
carries the risk of uterine perforation and failure of cannulization 
of the tubal ostia. The overall risk for complication is 1.6%. 
Independent risk factors for complications are general anesthe
sia, diabetes, previous abdominal or pelvic surgery, and obesity. 
One to two deaths per 100,000 procedures occur and most often 
are attributed to anesthesia.

Obstetricians must remember that vasectomy is often a 
more advisable and desirable alternative for a couple consid
ering sterilization.12'’ It can be performed as an outpatient 
procedure under local anesthesia with an insignificant loss of 
time from work or family. Furthermore, almost all failures—  
about 3 to 4 per 1000 procedures— can be detected by a 
postoperative semen analysis. This is a decided advantage 
over tubal ligation, in which failures are discovered only 
when a pregnancy occurs. The azoospermia rate at 3 months 
is 60%, and it is 98% to 99% at 6 months. Interval contracep
tion is required until azoospermia is confirmed. Vasectomy is 
less expensive and overall is associated with fewer complications 
than female sterilization; it has no sexual effects, and studies of 
long-term health effects found no evidence of an increased risk 
for atherosclerotic heart disease or other chronic illnesses.126

Most women who choose sterilization do not regret their 
decision. In the U.S. Collaborative Review of Sterilization 
study,127 the cumulative risk for sterilization regret over 14 years 
was 12.7%. Age was a risk factor for regret. For women older 
than 30, risk for regret was 5.9%. In contrast, women 30 and 
younger had a risk of regret of 20.3%. Other factors that con
tribute to regret of sterilization are having incomplete informa
tion about the procedure; having less access to information 
about, or less support for use of, alternative birth control 
methods; and having made the decision for sterilization because 
of pressure from a spouse or because of a medical condition. 
Comprehensive counseling is important when couples are con
sidering sterilization.

Tubal ligation can be reversed but it is expensive and is often 
not covered by insurance; therefore a patient should not undergo 
sterilization if  she is contemplating reversal. Success, as measured
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512 Section IV Postpartum Care

by the occurrence of pregnancy after tubal reanastomosis, varies 
from 40% to 85%, depending on the type of tubal ligation 
performed and on the length of functioning tube that remains. 
Success rates for vas reanastomosis vary from 37% to 90%, and 
higher success rates are associated with shorter intervals from the 
time of vas ligation.

Barrier Methods
Barrier methods of contraception and vaginal spermicides were 
long used in Europe and England before they were manufac
tured in this country beginning in the 1920s. The diaphragm 
was the first woman-controlled contraceptive method available 
in the United States. The typical use failure rate for the 
diaphragm is 16%, with a range of 2% to 23%. Because 
this method of contraception requires substantial motivation, 
instruction, and experience, it is more effective in older women 
who are familiar with the technique. However, younger women 
may also be successful users with appropriate counseling. A 
diaphragm fits behind the pubic bone and completely covers the 
cervix. To get the appropriately sized diaphragm, a fitting with 
a gynecologic provider is required. Because o f the physical 
changes o f pregnancy and delivery, a diaphragm should not 
be fitted until 6 weeks postpartum. Even if a woman was previ
ously using a diaphragm, she requires a refitting. In women who 
are breastfeeding, anovulation leads to vaginal dryness and tight
ness, which may make the proper fitting of a diaphragm more 
difficult. The diaphragm should be used with one of the sper
micidal lubricants, all of which contain nonoxynol-9.

Condoms are an effective contraceptive method and also 
provide protection from sexually transmitted infections (STIs). 
The various types of condoms available include latex and non
latex varieties, such as polyurethane, silicone rubber, and natural 
membrane condoms. It is important to note that whereas natural 
membrane condoms prevent sperm penetration, they do not 
protect well against STIs. Spermicide is no longer advocated for 
use with condoms because of the vaginal irritation and microte
ars in the vaginal mucosa that can result in— and increase the 
risk for—infection, especially human immunodeficiency virus 
(HIV). The typical use failure rate for condoms is 17%, but it 
can be as low as 2%, depending on the age and motivation of 
the population studied.

The female condom is more expensive and more awkward 
to use than the male condom, but it has the advantage of 
being controlled by the woman. It has a typical use failure 
rate of 27%.

Natural Family Planning Methods
Natural family planning (NFP) methods, also known as periodic 
abstinence or fertility  awareness methods, involve women having 
a great knowledge of their own menstrual cycles and being keyed 
in to signs and symptoms of the fertile phase of the cycle, during 
which time they abstain from intercourse. To use these methods 
with success, a woman must have a regular menstrual cycle in 
addition to commitment from her partner. Postpartum women 
should not rely on NFP methods until regular menstrual cycles 
have resumed.

Several NFP methods can be used and include the rhyth?n 
method, or calendar method, in which the fertile period of one 
month can be predicted by the timing of the past cycle. The 
cervica l mucus method requires a woman to monitor her cervical 
mucus for estrogen-related changes. The symptothermal method 
typically combines cervical mucus monitoring with basal body

temperature monitoring. The standard days method has the 
lowest failure rate of the NFP methods because it has the greatest 
number of abstinence days. A 26- to 32-day cycle is required for 
this method, and intercourse is avoided on days 8 through 19. 
W hen used perfectly, the pregnancy rate for the first year of use 
was 3.1% .' s Typical use failure rates for NFP methods range 
from 12%  to 25% . NFP methods are unforgiving if  the rules 
of periodic abstinence are not followed.

POSTPARTUM PSYCHOLOGICAL REACTIONS
The psychological reactions experienced following childbirth 
include the common, relatively mild physiologic and tran
sient “maternity blues” (occurring in 50%  to 70%  o f women), 
true depression (occurring in 8% to 20%  o f women), and 
frank puerperal psychosis (occurring in 0 .14%  to 0.26%  
of women).

Overall, anxiety is the most common emotional symptom in 
the puerperium. These problems are discussed in Chapter 55. In 
patients with underlying depression or a history of PPD and in 
those who report symptoms that develop during the immediate 
postpartum period, it is essential that a postpartum visit be 
scheduled sooner than the traditional 6 weeks. Other risk factors 
for PPD include a family history of depression, a mother with 
PPD, a poor social situation, and prolonged separation from the 
infant. The moderately depressed mother often experiences such 
guilt and embarrassment secondary to her sense of failure in her 
mothering role that she is unable to call her physician or admit 
the symptoms of her depression. Consequently, ample time 
must be set aside to explore in depth even the slightest symptoms 
or signs of depression. Home visits in this situation may be 
appropriate to assess the patient. When a patient calls with a 
seemingly innocuous question, she should be asked two or 
three open-ended questions about her general status. Such 
questions allow the patient to open up if underlying depression 
is an issue, and she feels too guilty or afraid to express herself 
spontaneously. Examples of sample questions are:

1. How do you feel things are going?
2. How are things with the baby?
3. Are you feeling how you expected to feel?
Because nursing staff often triage phone calls for physicians 

and midwives, it is important that such personnel be instructed 
to be alert to this protocol. Additionally, we recommend that 
both parents be warned before hospital discharge that if  the 
maternity blues seem to be lasting longer than 2 weeks or 
become too tough to handle, either partner should call. An easy 
screening depression scale, the EPDS, is shown in Box 23-2. 
Puerperal thyroid disease will often present with symptoms such 
as mild dysphoria; consequently, thyroid function studies are 
suggested in the evaluation of patients with suspected PPD that 
occurs 2 to 3 months after delivery.

MANAGING PERINATAL GRIEVING
For the most part, perinatal events are happy ones and are occa
sions for rejoicing. When a patient and her family experience 
a loss associated with a pregnancy, special attention must be 
given to the grieving patient and her family.

The most obvious cases of perinatal loss are those in which a 
fetal or neonatal death has occurred. Other, more subtle losses 
can be associated with a significant amount of grieving, such as 
the birth of a critically ill or malformed infant, an unexpected
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hysterectomy performed for intractable postpartum hemor
rhage, or even a planned postpartum sterilization procedure. 
Grief occurs with any significant loss, whether it is the actual 
death of an infant or the loss o f an idealized child in the 
case of the birth o f an infant with an illness or potential 
disability.

The clinical signs and symptoms of grief and their psycho
logical ramifications as they relate to loss suffered by women 
during their pregnancies have been given special consideration 
in recent years. In studying the relatives of servicemen who died 
in World War II, Lindemann recognized five manifestations of 
normal grieving. These include somatic symptoms of sleepless
ness, fatigue, digestive symptoms, and sighing respirations; 
preoccupation with the image of the deceased; feelings of guilt; 
feelings of hostility and anger toward others; and disruption 
of the normal pattern of daily life. He also described the 
characteristics of what is now recognized as pathologic grieving, 
which may occur if  acute mourning is suppressed or interrupted. 
Some of the manifestations of this so-called morbid grief reac
tion are overactivity without a sense of loss; appearance or exac
erbations of psychosomatic illness; alterations in relationships 
with friends and relatives; furious hostility toward specific 
persons; lasting loss of patterns of social interaction; activities 
detrimental to personal, social, and economic existence; and 
agitated depression.

Kennel and associates129 studied the reaction of 20 mothers 
to the loss of their newborn infants. Characteristic signs and 
symptoms of mourning occurred in all the patients, even when 
the infant was nonviable. Similar grief reactions occurred in 
most of the parents of 101 critically ill infants who survived after 
referral to a regional neonatal intensive care unit, showing that 
separation from a seriously ill newborn is sufficient to provoke 
a typical grief reaction. Interestingly, studies over the last 15 
years have found that women who do not see their stillborn 
infant actually have less depression; this suggests that best 
practice is to give mothers the choice o f seeing and holding 
their infant after delivery but not to necessarily encourage 
them to do it.

It is important that the characteristics of a grieving patient be 
recognized and understood by the health professionals who care 
for them; otherwise, substantial misunderstanding and misman
agement of the patient will occur. For example, if  the patient’s 
reaction of anger and hostility is unanticipated, a nurse or physi
cian may take personally the hostile statements or actions of the 
patient or her family and may avoid contact at the very time the 
grieving patient most needs consolation and support. Because 
of their own discomfort with the implications of death, physi
cians, nurses, and others on the postpartum unit often find it 
difficult to deal with patients whose fetus or infant has died. As 
a consequence, reluctance to discuss the death with the patient 
is understandable, as is the tendency is to rely on the use of 
sedatives or tranquilizers to deal with the patient’s symptoms of 
grief. W hat is actually beneficial at such a time is a sympa
thetic listener and an opportunity for the patient to express 
and discuss feelings o f guilt, anger, and hopelessness and to 
allow the other symptoms o f mourning.

It is not surprising that PPD is more common and more 
severe in families that have suffered a perinatal loss. In one study, 
the prolonged grief response occurred more often in those 
women who became pregnant within 5 months of the death of 
the infant. This finding suggests that in counseling women after 
the loss of an infant, it is best to ignore the traditional advice of

encouraging the family to embark soon on another pregnancy 
as a “replacement” for the infant who died. Just how long the 
normal grief reaction lasts is unknown, and surely it varies with 
different families. Lockwood and Lewis130 studied 26 patients 
who had suffered a stillbirth, and they followed several patients 
for as long as 2 years. Their data suggest that grief in this situa
tion is usually resolved within 18 months, invariably with a 
resurgence of symptoms at the first anniversary of the loss.

Somatic symptoms of grief—such as anorexia, weakness, and 
fatigue—are now well recognized. Spontaneous abortion and 
infertility increase among couples who attempt to conceive after 
the loss of an infant. Physical changes that occur with grieving 
may account for this increase in poor reproductive success. 
Although the most intense suppression is noted within the first 
month after a loss, a modified response may last for as long as 
14 months.

The regionalization of perinatal health care has resulted in a 
large proportion of the perinatal deaths occurring in tertiary 
centers. In some of these centers, teams of physicians, nurses, 
social workers, and pastoral counselors have evolved to aid spe
cifically in the management of families that suffer a perinatal 
loss. Although this approach ensures an enlightened, under
standing, and consistent approach to bereaved families, it sug
gests that the support of a grieving patient is a highly complex 
endeavor that can be accomplished only by a few specially 
trained individuals who care for postpartum patients. Enlight
ened and compassionate counseling of parents who have suffered 
a perinatal loss may be accomplished by any of the mother’s 
health care professionals by using the guidelines listed in Box
23-4. Clearly, management of grief is not solely a postpartum 
responsibility, and this is particularly true when a prenatal diag
nosis is made of fetal death or abnormality. A continuum of 
support is essential as the patient moves from the prenatal 
setting, to labor and delivery, to the postpartum ward, and 
finally to her home. Relaxation of many of the traditional hos
pital routines may be necessary to provide the type of support 
these families need. For example, allowing a loved one to remain 
past visiting hours, providing a couple a private setting in which

BOX 23-4 GUIDELINES FOR MANAGING 
PERINATAL LOSS

Keep parents in fo rm ed; be honest and fo rth rig h t.
Recognize and fac ilita te  an tic ipa to ry  grieving.
In form  parents about the g riev ing  process.
Encourage the support person to  rem ain w ith  the m other 

th ro u g h o u t labor.
Encourage the m othe r to  make as m any choices about her 

care as possible.
Support parents in seeing, touch ing, o r ho ld ing the infant.
Describe the in fant in detail, especia lly fo r  couples w ho 

choose not to  see the infant.
A llo w  photographs o f the infant.
Prepare the couple fo r  hospita l paperw ork, such as 

autopsy requests.
Discuss funera l or m em oria l services.
Assist the couple in the process o f in fo rm ing  sib lings, 

relatives, and friends.
Discuss subsequent pregnancy.
Liberal use o f fo llo w -u p  hom e or office visits.

Modified from  Kowalski K. Managing perinatal loss. Clin O bste t Gynecol. 
1980:23:1113.
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both day and night, is amenorrheic, and the infant is 
less than 6 months old.

♦ Progestin-only contraceptives do not diminish lactation 
performance.

♦ Postpartum major depression occurs in 8% to 20% of 
parturients; if  possible, risk factors should be consid
ered to identify patients for increased screening and 
surveillance.

♦ Puerperal hypothyroidism often presents with symp
toms that include mild dysphoria; consequently, thyroid 
function studies are suggested in the evaluation of 
patients with suspected PPD that occurs 2 to 3 months 
after delivery.

to be with their deceased infant, or allowing unusually early 
discharge with provisions for frequent phone calls and follow-up 
visits often facilitates the resolution of grief.

It is also important to realize that after the death o f a fetus 
or neonate, fathers have somewhat different grief responses 
than do mothers. In a study of 28 fathers who had lost infants, 
grief was primarily characterized by self-blame, feelings of 
diminished self-worth, a need to keep busy with increased work, 
and limited ability to ask for help. Stoic responses are typical of 
men and may obstruct the normal resolution of grief.

Postpartum Posttraumatic Stress Disorder
Posttraumatic stress disorder (PTSD) may occur after any 
physical or psychological trauma. The disorder commonly 
occurs after a labor and delivery experience in which a 
woman is confronted with circumstances (pain, loss, trauma) 
that her defenses or sense o f well-being cannot overcome. 
Thus some women develop PTSD from an experience that 
other women will cope with easily or that a clinician may 
find fairly unremarkable.

PTSD may lead to behavioral sequelae that include flash
backs, avoidance, and inability to function. Emergency operative 
deliveries, both vaginal and abdominal, and severe unexpected 
pain have been reported to produce posttraumatic stress. The 
reaction may lead to fear of a subsequent delivery that may 
become incapacitating as well as more generalized symptoms of 
this disorder. Whenever an emergency procedure is indicated, 
debriefing afterward—both early and a few weeks later—  
may help to decrease the incidence o f this problem. Women 
with adverse outcomes frequently experience transference of 
their previous experience as the next delivery approaches. If 
anxiety is a predominant symptom at the postpartum visit, 
discussions of a PTSD reaction may be indicated. The symptom 
complex of PTSD is less severe and is sometimes eliminated with 
early intervention. Thus if  a woman seems to express psychologi
cal symptoms out of proportion to her labor and delivery experi
ence, referral for further evaluation is appropriate.

KEY POINTS

♦ By 6 weeks postpartum, only 28% of women have 
returned to their prepregnant weight.

♦ About 50% of parturients experience diminished sexual 
desire during the 3 months that follow delivery.

♦ Postpartum uterine bleeding of sufficient quantity to 
require medical attention occurs in 1% to 2% of partu
rients. O f patients who require curettage, 40% will be 
found to have retained placental tissue.

♦ LARC methods are the most effective contraceptive 
available and are safe methods for postpartum women, 
including those who are breastfeeding.

♦ In nonbreastfeeding postpartum women, combined 
hormonal contraceptive methods (pill, patch, ring) 
should not be used prior to 21 days because of the risk 
of venous thromboembolism; in postpartum women 
with additional risk factors, combined hormonal con
traceptives should not be used until after 42 days.

♦ Breastfeeding results in 98% contraceptive protection 
when the woman is exclusively breastfeeding on demand
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Breastfeeding and breast milk are the global standard for 
infant feeding in undeveloped and developed countries.
The World Health Organization (W HO), the U.S. Surgeon 
General, the American Academy of Pediatrics (AAP),' the Amer
ican College of Obstetricians and Gynecologists (ACOG),2 the 
American Academy of Family Practice, and the Academy of 
Breastfeeding Medicine have endorsed this recommendation for 
over two decades. They recommend exclusive breastfeeding 
for the first 6 months and continued breastfeeding at least 
through 12 months with subsequent weaning as a mutual 
decision by the mother and infant dyad in the subsequent 
months and years. Historic and physioanthropologic data 
suggest that except for the last century, humans have breast
fed their children 3 to 4 years throughout history.

Unfortunately, the United States has failed to meet the exclu
sivity and duration goals set out by world and national health 
organizations. Figure 24-1 describes the historic trends in breast
feeding behaviors in the United States. The latest estimates 
(2011) of breastfeeding performance (http://www.healthypeople 
.gov/2020) are that 79.2%  of women initiate breastfeeding in 
the hospital, and only 49.4%  of those are still breastfeeding 
at 6 months. Approximately 26.7% of American infants meet 
the standard of breastfeeding 1 year or more. Only 40.7%  and 
18.8% of American infants are exclusively breastfeeding at 3 and 
6 months, respectively, and more than 19.4% received supple
mental formula in the first 48 hours of life.

Specific populations are at greater risk for failure to initiate 
and continue breastfeeding. Women o f lower socioeconomic 
status, those with less education, and teenagers initiate 
breastfeeding at about half to two thirds the rate o f mature 
high school graduates o f middle and upper socioeconomic 
statuses. Black women tend to have lower rates o f initiation 
and maintenance o f breastfeeding than other cultural and
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Years

FIG 24-1 Incidence of breastfeeding in the hospital, any breastfeeding 
at 6 months, and exclusive breastfeeding at 6 months.

ethnic populations.3 Fortunately, since 1989, more women 
at greatest risk for feeding their infants artificial breast milk 
are initiating breastfeeding in the hospital.

A recent prospective study has clarified breastfeeding behaviors 
in the first year after birth.4 In the Centers for Disease Control 
and Prevention (CDC) and U.S. Food and Drug Administra
tion (FDA)—sponsored Infant Feeding Practices Study II, 1147 
women initiated breastfeeding and stopped breastfeeding during 
the study period (2005 through 2007). All women were recruited 
in the third trimester. Approximately 60% of mothers did not 
meet their personal plans for the duration of breastfeeding; 
the mean duration of breastfeeding in women who met their 
intention for breastfeeding was 7.8 months, and it was 3.8 
months in those who did not meet their intention. In the 
multivariable analysis, women who failed to meet their desired 
duration of breastfeeding had initial challenges with latch-on 
and nipple pain or injury, perceived that the baby was not 
getting enough nutrition, or needed to take medications for a 
maternal illness.

Cultural attitudes underlie the desired duration of breastfeed
ing and affect the failure to breastfeed through the first year. 
In an effort to mobilize mothers to increase breastfeeding rates, 
the U.S. Surgeon General has set goals for the country. The 
Healthy People 2020 Maternal, Infant, and Child Health 
(MICH) objectives are (1) any breastfeeding, 81.9%; (2) any 
breastfeeding at 6 months, 60.6%; (3) any breastfeeding at 12 
months, 34.1%; (4) exclusive breastfeeding at 3 months, 46.2%; 
(5) exclusive breastfeeding at 6 months, 25.5% ; and (6) to 
reduce the number of infants who receive supplemental formula 
in the first 48 hours to 14.2%. MICH 22 sets a goal that 38% 
of employers have a worksite lactation support program, and 
M ICH 24 sets a goal that 81% of live births occur in facilities 
that provide recommended care for the breastfeeding dyad.

Although dysfunctional cultural and familial attitudes are 
outside the direct control of medicine, these attitudes may 
directly affect the care delivered by physicians. The normal func
tion of the breasts, to produce breast milk, is muted by three 
cultural attitudes. First is the association of breasts with sexual 
attraction; the media is replete with examples that show beauti
ful, well-formed breasts as a sexual ideal. A corollary of this 
attitude is that breastfeeding w ill cause the breasts to sag and 
lose their sex appeal. Second, an opposing cultural attitude is

that breastfeeding restricts self-fulfillment; mothers who stay at 
home to breastfeed and care for their babies are considered poor 
examples of the modern, independent professional woman. 
Finally, the attitude or myth is prevalent that artificial breast 
milk, formula, and bottle-feeding are an equivalent source of 
nutrition to breastfeeding, although research has proven this is 
not the case.

The latter attitudes are exacerbated by a lack of lay public and 
health care provider knowledge about breastfeeding and breast 
milk. The normal function of the breasts is excluded from the 
curriculum of primary and secondary schools on the basis of the 
connection between breasts and sex. After completion of their 
education, few women experience any examples of successful 
breastfeeding— that is, any breastfeeding for longer than 1 year. 
Between 1970 and 1990, when they gave birth, only 30% to 
50% of today’s grandmothers initiated breastfeeding, and less 
than a quarter breastfed for more than a few weeks. The lack of 
exposure to successful, experienced breastfeeding mothers 
seriously compromises the chances o f success for today’s 
women who attempt to breastfeed.

Physicians are products of the same culture as the women 
they serve. Unfortunately, many have the same cultural biases 
as their patients and the same lack of primary and secondary 
education regarding the normal physiology of breastfeeding. 
Although the curricula of medical school and residency training 
programs have improved in the last 5 years, the general lack of 
didactic education and clinical exposure to successfully breast
feeding mother-infant dyads contribute to the lack of breast
feeding knowledge. Most physicians who reflect on their own 
education will identify neither a structured curriculum nor prac
tical experiences with successfully breastfeeding mother-infant 
dyads. On obstetric rotations, medical students and obstetrics 
residents rarely see normal breastfeeding dyads longer than 1 to
3 days postpartum. On pediatric rotations, students often see 
the baby only in the nursery and rarely see the normal mother 
breastfeed as an inpatient or at newborn visits. Although pedi
atric residents observe and support the mother who nurses or 
pumps milk for her growing preterm infant, the exposure is 
often negative. As a result, serious gaps exist in physicians’ 
knowledge as they attempt to serve the over 3 million newborns 
and mothers per year who initiate breastfeeding. In fact, the 
most commonly cited resource for physicians is another non
medical individual or a breastfeeding spouse.

The purpose of this chapter is to begin the educational process 
through which obstetricians will adopt the lactating mother as 
their patient. In order to support the breastfeeding mother, 
the obstetrician must be convinced o f the biologic superior
ity o f breastfeeding and human breast milk over formula. 
This chapter reviews breast anatomy and the physiology of lacta
tion in a framework pertinent to breastfeeding management. 
This chapter describes the vast differences between breast milk 
and formula, a difference directly related to unique needs and 
the short- and long-term health of the infant and mother. Spe
cific issues related to the obstetrician and other health care 
providers will be addressed, including the role of the obstetrician 
in preconception counseling, prenatal care, delivery room man
agement, and postpartum care for the breastfeeding mother.

BREAST ANATOMY AND DEVELOPMENT
The size and shape of the breast vary greatly by stage of develop
ment, physiologic state, and phenotype. Usually, the breast
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projects into each axilla and thus forms the tail o f  Spence. The 
mature breast weighs about 200 g in the nonpregnant state; 
during pregnancy, 500 g; and during lactation, 600 to 800 g. 
As long as glandular tissue and the nipple are present, the size 
or shape of the breast has little to do with the functional success 
of the breast. The adequacy o f glandular tissue for breastfeed
ing is ascertained by inquiring whether a womans breasts 
have enlarged during pregnancy. If the breast fails to enlarge 
as the result o f pregnancy, especially i f  associated with 
minimal breast tissue on examination, the clinician should 
be wary o f primary failure o f lactation.

The areola is a circular pigmented area that darkens during 
pregnancy; the nipple, or papilla mammae, is a conical elevation 
in the middle of the areola, or areola mammae. The contrast 
between the areola and the fairer skin of the rest of the body 
provides a visual cue for a newborn attempting to latch-on. The 
areola contains multiple small elevations called Montgomery 
tubercles, which enlarge during pregnancy and lactation. These 
tubercles contain multiple ductular openings of sebaceous 
and sweat glands that secrete lubricating and antiinfective sub
stances (immunoglobulin A [IgA]) that protect the nipple and 
areola during nursing. W hen the breasts and nipples are washed 
with soap or alcohol-containing compounds, these substances 
are washed away, which leaves the nipple prone to cracking and 
infection.

Unlike the dermis of the body of the breast, which includes 
fat, the areola and nipple contain smooth muscle and collage
nous and elastic tissue. W ith light touch or anticipation of 
nursing, these muscles contract, and the nipple erects to form a 
teat. The contraction pulls the lactiferous sinuses into the nipple- 
areola complex, which allows the infant to withdraw the breast 
milk from these reservoirs.

The tip o f the nipple contains the openings (0.4 to 0.7 mm 
diameter) o f 15 to 20 milk ducts (2 to 4  mm diameter). Each 
of the milk ducts empties one tubuloalveolar gland, embed
ded in the fat o f the body o f the breast. A sphincter mechanism 
at the opening of the duct limits the ejection of m ilk from the 
breast, although the competency of this mechanism varies. 
About 80% of women demonstrate m ilk ejection from the con
tralateral breast when m ilk ejection is stimulated. If m ilk leakage 
is demonstrated from the contralateral breast during nursing, it 
is indicative of an intact let-down reflex and is highly suggestive 
of m ilk transfer to the infant.

The m ilk ducts widen (5 to 8 mm) into the lactiferous sinuses 
5 to 10 mm from their outlet (Fig. 24-2). These sinuses are 
pulled into the teat during nursing, and the infant uses its 
tongue, facial muscles, and mouth to squeeze the m ilk from 
the sinuses into its oropharynx. The tubuloalveolar glands (15 
to 20) form lobi, which are arranged in a radial fashion from 
the central nipple-areola complex. The lobi and lactiferous ducts 
extend into the tail of Spence. Ten to 40 lactiferous ducts 
connect to each lactiferous sinus, and each forms a lobulus. 
Each lobulus arborizes into 10 to 100 alveoli that become the 
tubulosaccular secretory units. The alveoli are the critical units 
in the production and ejection o f milk: a sac o f alveolar cells 
is surrounded by a basket o f myoepithelial cells, and the 
alveolar cells are stimulated by prolactin to produce milk. 
The myoepithelial cells are stimulated by oxytocin to contract 
and eject the m ilk into the lactiferous ducts, lactiferous sinuses, 
and beyond.

The radial projection of lactiferous ducts prompts important 
considerations relative to breast surgery on women who are

breastfeeding or who will breastfeed. Surgical skin incisions 
parallel to the circumareolar line, especially at the cir- 
cumareolar line, have better cosmetic healing and are often 
chosen by surgeons. However, i f  the incision is taken deep 
into the parenchyma, the lactiferous ducts may be compro
mised; a superficial, parallel skin incision and a radial deep 
incision are preferred. In women who intend to breastfeed, 
a circumareolar incision should be avoided because it com
promises breastfeeding in three ways: (1) by occlusion of 
lactiferous ducts, (2) by restriction o f the formation o f a teat 
during nursing, and (3) by injury to the lateral cutaneous 
branch o f the fourth intercostal nerve.

Surgical disruption o f the lateral cutaneous branch o f the 
fourth intercostal nerve can have devastating effects on the 
success o f breastfeeding. This nerve is critical to the production 
and ejection of breast milk. Furthermore, the nerves provide 
organ-specific control of regional blood flow, and a tremendous 
increase in mammary blood flow occurs during a nursing 
episode. Disruption of this autonomic control may severely 
compromise lactation performance. The rate of breastfeeding 
failure is two to three times higher when a circumareolar incision 
has been performed; therefore the obstetrician needs to be alert 
to old surgical incisions when a pregnant patient expresses a 
desire to breastfeed or when a breast biopsy is anticipated in a 
reproductive-age woman.

As mammals, humans have the potential to develop mammary 
tissue (glandular or nipple tissue) anywhere along the milk 
line, also called the galactic band. The m ilk line extends from 
the axilla and inner upper arm down the abdomen along the 
midclavicular line to the upper lateral mons and upper inner 
thigh. W hen accessory glands occur, this is termed hypermastia, 
which may involve accessory glandular tissue, supernumerary 
nipples, or both. Two to 6% of women have hypermastia, and 
the response to pregnancy and lactation is variable. The most 
common site for accessory breast tissue is the axilla. These 
women may present at 2 to 5 days postpartum, at initiation 
o f galactogenesis, with painful enlargements in the axilla. Ice 
and symptomatic therapy for 24  to 48 hours is sufficient 
treatment. Supernumerary nipples (polythelia) are associated 
with renal abnormalities (11%).

PHYSIOLOGY OF LACTATION
The best and most extensive research concerning the physiol- 
ogy of lactation focuses on the production of m ilk and has its 
roots in the research conducted by the multibillion-dollar dairy 
industry. Good milk-producing cattle, whose m ilk composition 
(i.e., fat percentage) can be controlled, create a competitive 
advantage in the marketplace. The translation of dairy research 
to human research plus the expected interest of pediatricians in 
infant nutrition has led to a preponderance of data on mater
nal m ilk production and delivery and its impact on neonatal 
and childhood outcomes. W ith the exception of hypothalamic 
hypogonadism in the breastfeeding mother and its effect on 
menses and child spacing, very little is understood about the 
physiologic changes during the breastfeeding episode, such as 
vascular adaptation to the rapid production (10 to 30 minutes) 
of 100 to 200 mL of an extremely complex liquid. Most mater
nal and child benefits o f breastfeeding are accrued in a dose- 
dependent fashion; the longer (>12 months) and the more 
intense (exclusive breastfeeding), the better the outcomes 
in terms of, for example, premenopausal breast cancer or
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cardiovascular disease. We are beginning to ask the questions 
“why” and “how.” Are the benefits of breastfeeding to the moth
er’s health related to the duration of the hormonal changes? Are 
they from the “antistress” effects of oxytocin? Or do they result 
from changes in gastrointestinal (GI) absorption of substrates? 
Does the intense pair-bonding that occurs between a mother 
and her breast-fed children affect allostatic load later in life? The 
answers to these questions will greatly improve our knowledge 
of the human breastfeeding experience.

The physiology o f lactation has three major components: 
(1) the stages o f lactogenesis, (2) endocrinology o f lactogen- 
esis, and (3) nursing behavior/milk transfer. The following 
sections summarize what is known about the physiology of 
human lactation.1 The composition of mature human breast 
milk will also be described, with a focus on the differences 
between breast m ilk and formula.

Stages of Lactogenesis
Full alveolar development and maturation of the breast must 
await the hormones of pregnancy—progesterone, prolactin, and 
human placental lactogen (hPL)— for completion of the devel
opmental process at delivery. This is termed lactogenesis stage I. 
By midpregnancy, the gland is competent to secrete m ilk (colos
trum), although full function is not attained until the tissues are 
released from the inhibition of high levels of circulating 
progesterone.

Lactogenesis stage II  occurs as the progesterone levels fall after 
delivery of the placenta, during the subsequent 7 days. During 
the first 2 to 4 days after delivery, incremental secretion of 
colostrum occurs (50 to 400 mL/day). Until lactogenesis stage
II has fully developed, the breasts secrete colostrum, which is 
very different from mature m ilk in volume and constituents. 
Colostrum has more protein, especially secretory immuno
globulins, and more lactose; it also has a lower fat content 
than mature milk. Prolactin and glucocorticoids play important 
promoter roles in this stage of development.

At 2 to 5 days postpartum, a dramatic increase occurs in 
mammary blood flow and oxygen/glucose uptake by the breast. 
The secretion o f milk is copious, 500 to 700 mL/day when 
“the milk comes in.” This is the most common time for 
engorgement i f  the breasts are not drained by efficient, fre
quent nursing.

After lactogenesis stage II, which occurs from 3 to 7 days post
partum, lactation enters an indefinite period of m ilk production 
formerly called galactopoiesis, now termed lactogenesis stage III. 
The duration of this stage is dependent on the continued pro
duction of breast m ilk and the efficient transfer of breast m ilk 
to the infant. Prolactin appears to be the single most impor
tant galactopoietic hormone because selective inhibition of 
prolactin secretion by bromocriptine disrupts lactogenesis; 
oxytocin appears to be the major galactokinetic hormone. 
Stimulation of the nipple and areola and infant behavioral cues 
cause a reflex contraction of the myoepithelial cells that sur
round the alveoli and trigger ejection of m ilk from the breast.

The final stage of lactation, lactogenesis stage IV, is involution 
and cessation of breastfeeding. As the frequency of breastfeeding 
is reduced to less than six episodes in 24 hours, and the produced 
milk volume is less than 400 mL in 24 hours, prolactin levels 
fall in proportion to the frequency of nipple stimulation, which 
ultimately leads to a total cessation of m ilk production. After 24 
to 48 hours of no transfer of breast m ilk to the infant, increasing 
intraductal pressure and production of lactation inhibitory

factor from the alveolar epithelium appear to initiate apoptosis 
of the secretory epithelial cells and proteolytic degradation of 
the basement membrane. Lactation inhibitory factor is a protein 
secreted in the milk, and its increasing concentration in the 
absence of m ilk drainage appears to decrease m ilk production 
by the alveolar cells. It counterbalances pressures to increase milk 
supply (i.e., increased frequency of nursing) and allows for the 
day-to-day adjustment in infant demands.

Endocrinology of Lactogenesis
Prolactin is the major hormone that promotes m ilk production, 
and thyroid hormones selectively enhance the secretion of lact- 
albumin. Cortisol, insulin, parathyroid hormone, and growth 
hormone are supportive metabolic hormones in the production 
of carbohydrates and lipids in breast milk. Ovarian hormones 
are not required for the maintenance of established milk produc
tion and are suppressed by high levels of prolactin.

The alveolar cell is the principal site for the production 
o f milk. Neville5 describes five pathways for m ilk synthesis and 
secretion in the mammary alveolus, including four major trans- 
cellular and one paracellular pathway: (1) exocytosis (merocrine 
secretion) of m ilk protein and lactose in Golgi-derived secretory 
vesicles; (2) m ilk fat secretion via m ilk fat globules (apocrine 
secretion); (3) secretion of ions and water across the apical mem
brane; (4) pinocytosis-exocytosis of immunoglobulins; and (5) 
a paracellular pathway for plasma components and leukocytes. 
During lactation, as opposed to during pregnancy, very few 
of the constituents of breast milk are transferred directly from 
maternal blood. The junctions between cells, also known as tight 
junctions, are closed. As weaning occurs, the tight junctions are 
released and sodium and other minerals easily cross to the milk, 
which changes the taste of the milk. The change in taste may 
affect the interest of the infant to continue to breastfeed.

The majority of m ilk is produced de novo by the breast, rather 
than by direct absorption from the maternal gut or from manu
facture by maternal organs such as the liver, kidneys, and so 
on. The substrates for m ilk production are primarily absorbed 
from the maternal gut or are produced in elemental form by the 
maternal liver. Glucose is the major substrate for milk pro
duction. It serves as the main source of energy for other reac
tions and is a critical source of carbon. The synthesis of fat from 
carbohydrates plays a predominant role in fat production in 
human milk, whereas proteins are built from free amino acids 
derived from plasma.

A sizable proportion o f breast milk is produced during 
the nursing episode. In order to supply the substrates for 
m ilk production, blood flow increases to the mammary glands 
(20% to 40%), GI tract, and liver. Cardiac output is increased 
by 10% to 20% during a nursing episode. The vasodilation of 
the regional vascular beds is under the control of the autonomic 
nervous system, and oxytocin may play a critical role in directing 
the regional distribution of maternal cardiac output through an 
autonomic, parasympathetic action.

Given that milk is produced during the nursing episode, 
variation in content during a feed is expected. During a 
feeding episode, the lipid content o f milk rises by more 
than twofold to threefold (1% to 5%) with a corresponding 
5% fall in lactose concentration. The protein content remains 
relatively constant. At the extreme, there can be a 30% to 40% 
difference in the volume obtained from each breast. Likewise, 
intraindividual variations have been observed in lipid and lactose 
concentrations.
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The rising lipid content during a feed has practical implica
tions in breastfeeding management. If a woman limits feedings 
to less than 4 minutes but nurses more frequently, the calorie 
density o f the milk is lower, and the infant’s hunger may not 
be satiated. As a result, the infant wishes to feed sooner, and 
the frequency of nursing accelerates; this stimulates more m ilk 
production and creates a scenario of a hungry infant despite 
apparent good volume and milk transfer. Lengthening the 
nursing episode or using one breast for each nursing episode 
often solves the problem.

The volume and concentration of constituents also vary 
during the day. The volume per feed increases by 10% to 15% 
in the late afternoon and evening. Nitrogen content peaks in the 
late afternoon and falls to a nadir at 5 :00  AM. Fat concentrations 
peak in the early morning and reach a nadir at 9 :00  PM. Lactose 
levels stay relatively stable throughout the day. The variation in 
milk volume and content in working women who nurse only 
when at home has not been studied. The variation in volume 
and content is preserved if the woman pumps breast m ilk ade
quately (every 2 to 3 hours) during the day.

Does diet affect the volume and constitution o f breast 
milk? For the average American woman with the range of 
diets from teenagers to mature, health-conscious adults, the 
answer is no. No convincing evidence suggests that the macro
nutrients in breast milk—protein, fats, and carbohydrates—vary 
across the usual range of American diets, although volume may 
vary in the extremes. In developing countries where starvation 
is widespread and daily calorie intake is less than 1600 kcal/day 
during prepregnancy and pregnancy, the mother’s m ilk volume 
and its caloric density are only m inimally decreased (5% to 
10%) in underweight breastfeeding women.6 In a controlled

experiment,7 well-nourished European women reduced their 
calorie intake by 33% for 1 week. M ilk  volume was not reduced 
when the diet was maintained at greater than 1500 kcal/day. If 
the daily energy intake was less than 1500 kcal, m ilk volume was 
reduced by 15%. Moderate dieting and weight loss postpar
tum (4.5 lb/month) are not associated with changes in milk 
volume, nor does aerobic exercise have any adverse effect.s )

In the first year of life, the infant undergoes tremendous 
growth: infants double their birthweight in 180 days. Infants 
fed artificial breast m ilk (formula) lose up to 5% of their birth
weight during the first week of life, and breast m ilk—fed infants 
lose about 7% of their birthweight. A maximum weight loss of 
10% of birthweight is tolerated in the first week of life in breast
fed infants. If this threshold is exceeded, the breastfeeding 
dyad needs immediate intervention by a trained health care 
provider. Although supplementation with donor breast m ilk or 
artificial breast m ilk may be a necessary part of the intervention, 
the key focus of intervention is establishing good breast milk 
transfer by ensuring adequate production, correct nursing 
behavior, correct latch-on, and adequate frequency. Once lacto
genesis stage III occurs, “the m ilk has come in”; the term infant 
will gain about 0.75 to 1 oz/day with adequate breast milk 
transfer. By 14 days, the breast-fed infant should have returned 
to its birthweight.

Food intake and energy needs are not constant. The infant’s 
need for energy and fluids can vary daily or weekly because of 
growth spurts; greater activity; immunologic challenges, such as 
when fighting an illness; or with greater fluid losses, as in hot 
weather. Mammals have developed an extremely efficient mech
anism to adjust m ilk supply within 24 to 48 hours, depending 
on demand, via oxytocin and the let-down reflex (Fig. 24-3) and

FIG 24-3 Oxytocin and the let-down reflex. The major reflex includes feedback stimulation from the nipple/areola to the hypothalamus to increase/ 
decrease the release of oxytocin from the posterior pituitary and prolactin inhibitor factor (PIF, dopamine). The PIF affects the release of prolactin, 
which increases milk production; oxytocin causes milk ejection, and the release of both hormones is affected by positive or negative influences 
from the upper central nervous system (CNS). Oxytocin has three different target sites: the gastrointestinal (GI) tract (motility), uterus (contrac
tions), and the upper CNS (mother-infant bonding). Oral stimulation in the infant initiates oxytocin release to improve GI function and maternal- 
infant bonding.
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prolactin production. The prolactin and oxytocin travel to 
their target cells: prolactin goes to the alveolar epithelium in 
the breast, and oxytocin goes to the myoepithelial cells that 
shroud the alveolar epithelium. In lactating women, baseline 
prolactin levels are 200 ng/mL at delivery, 75 ng/mL between 
10 and 90 days postpartum, 50 ng/mL between 90 and 180 days 
postpartum, and 35 ng/mL after 180 days postpartum. Mater
nal serum prolactin levels rise by 80% to 150% of baseline levels 
within seconds of nipple stimulation. As long as nursing fre
quency is maintained at more than eight episodes a day for 
10 to 20 minutes with each episode, the serum prolactin 
levels will suppress the luteinizing hormone (LH) surges 
and ovarian function. Serum oxytocin levels also rise with 
nipple stimulation. However, the oxytocin response is much 
more affected by operant conditioning, and its response may 
precede the rise in prolactin levels. The maternal cerebrum is 
influenced by exposure to nursing cues and to the influences of 
nipple stimulation. The cerebrum either stimulates or inhibits 
the hypothalamus to increase or decrease the production of 
prolactin inhibitory factor (dopamine) and, subsequently, this 
drives the release of oxytocin from the posterior pituitary. Cere
bral influences have a lesser effect on the release of prolactin. 
Positive sights, sounds, or smells related to nursing often stimu
late the production of oxytocin, which in turn causes the myo
epithelial cells to contact and allows m ilk to leak from the 
breasts. This observation is a good clinical clue to indicate an 
uninhibited let-down reflex.

In a classic series o f experiments in 1958, Newton and 
Egli"1 demonstrated the power o f noxious influences to 
inhibit the release o f oxytocin and reduce milk transfer 
to the infant. The baseline m ilk production per feed was 
measured in controlled situations at about 160 g per feed. 
During a consecutive feed, a noxious event (i.e., saline injec
tion) was administered during the feed. The amount of milk 
produced was cut in half, to 80 to 100 g per feed. Subse
quently, the m ilk production was measured in a trial in which 
a noxious event was administered and intranasal oxytocin 
was given concomitantly. The m ilk production was restored 
to almost 90% of baseline production, 130 to 140 g. A wide 
variety of noxious events elicited the same decrease in m ilk 
production, including placing the mothers feet in ice water, 
applying electric shocks to her toes, having her trace shapes 
while looking only through a mirror, or requiring her to proof
read a document in a timed fashion. These observations have 
important implications concerning the management of breast
feeding. Pain, anxiety, and insecurity may be hidden reasons 
for breastfeeding failure through inhibition o f the let-down 
reflex.

In contrast, the playing o f a soothing motivational/ 
educational audio tape to women who were pumping milk 
for their premature infants has improved milk yields. These 
observations have been confirmed by measuring the inhibition 
of oxytocin release by psychological stress. The positive and 
negative influences of the cerebrum are further highlighted by 
the observation that 75% of women who had a positive attitude 
during pregnancy were likely to be successful at breastfeeding. 
In contrast, 75% of women who had a negative attitude during 
pregnancy had an unsuccessful breastfeeding experience. When 
the mother’s attitude was good or very good and family was 
present, the exclusive breastfeeding rate was 20% at 6 months; 
if  the mother’s attitude was fair, the breastfeeding rate at 6 
months was 5%.

Oxytocin has additional target cells in the mother (see Fig.
24-3), and the effect o f oxytocin on uterine activity is well 
known. Uterine involution is enhanced with breastfeeding.
Animal and human research suggests that oxytocin is a neuro
hormone associated with an anti—fight/flight response in the 
autonomic nervous system, better toleration of stress by the 
mother, and improved maternal-infant bonding."

In addition to the antistress effect, surges in oxytocin levels 
are associated with the release of GI hormones and increased GI 
motility. In the mother, these actions enhance the absorption of 
substrates necessary for lactogenesis, and a growing body of 
knowledge indicates similar associations with oxytocin surges in 
infants. Skin-to-skin contact and the oral stimulation of nursing 
stimulate a parasympathetic, anti-fight/flight response in the 
infant. So-called kangaroo care of premature newborns, with 
skin-to-skin contact, is associated with a physiologically stable 
state, improved stress responses, and improved weight gain.12 
Oxytocin appears to mediate this response. Breastfeeding is asso
ciated with far more skin-to-skin contact and maternal behaviors 
than bottle feeding.

Whereas the central nervous system (CNS) locus for imprint
ing is unknown, imprinting immediately after birth is an impor
tant predictor of breastfeeding success. The survival of lambs 
depends on nursing within an hour after birth. If the lamb 
has not nursed during the critical period, maternal-infant 
bonding becomes dysfunctional, and the lamb suffers failure to 
thrive. In humans, the consequences are not nearly as drastic. 
Several trials with random assignment o f subjects to early 
nursing (delivery room) or late nursing (2 hours after birth) 
demonstrated a 50%  to 100%  higher number o f breastfeed
ing mothers at 2 to 4 months postpartum among those who 
had nursed in the delivery room. One o f the keys to obstetric 
management is have the mother nurse her newborn in the 
delivery room within 30 to 60 minutes o f birth.

Milk Transfer
M ilk transfer to the infant is a key physiologic principle in lacta
tion.13 The initial step of milk transfer is a good latch-on. With 
light tactile stimulation of the infant’s cheek and lateral angle of 
the mouth, the infant reflexively turns its head and opens its 
mouth, as in a yawn (Fig. 24-4). The nipple is tilted slightly 
downward using a “C-hold,” or palmar grasp. In this hand posi
tion, the fingers support the breast from underneath and the 
thumb lightly grasps the upper surface 1 to 2 cm above the 
areola-breast line. The infant is brought firmly to the breast by 
the supporting arm, being careful not to push the back of the 
baby’s head (Fig. 24-5). The nipple and areola are drawn into 
the mouth as far as the areola-breast line. The posterior areola 
may be less visible than the anterior areola, and the lower lip of 
the infant is often curled out. The infant’s lower gum lightly fixes 
over the lactiferous sinuses.

The mechanics of normal breastfeeding behaviors relative to 
oropharyngeal movements and intraoral pressures have been 
eloquently demonstrated by transbuccal ultrasound.14,15 A slight 
negative pressure exerted by the infant’s oropharynx and mouth 
holds the length of the teat and breast in place and reduces the 
“work” to refill the lactiferous sinuses after they are drained. The 
milk is extracted not by negative pressure but by a peristaltic 
wave from the tip to the base o f the tongue. There is no strok
ing or friction, and little in-and-out motion of the teat is appar
ent; the action is more undulating. The buccal mucosa and 
tongue mold around the teat, leaving no space.
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FIG 24-4 The latch-on reflex.

The peristaltic movement of the infants tongue is most fre
quent in the first 3 minutes of a nursing episode; the mean 
latency from latch-on to m ilk ejection is 2.2 minutes. After milk 
flow is established, the frequency of sucking falls to a much 
slower rate. The change in cadence is recognizable as suck- 
su ck -sivallow -breath . Audible swallowing o f milk is a good 
sign o f milk transfer. At the start of a feeding, the infant obtains 
0.10 to 0.20 mL per suck. As infants learn how to suck, they 
become more efficient at obtaining more m ilk in a shorter period 
of time. From 80%  to 90%  o f the milk is obtained in the first
5 minutes the infant nurses on each breast, but the fat-rich 
and calorie-dense hind milk is obtained in the remainder of 
the time sucking at each breast, usually less than 20 minutes 
total. A bottle-feeding infant sucks steadily in a linear fashion 
and receives about 80% of the artificial breast m ilk in the first
10 minutes.

Sucking on a bottle is mechanically very different from 
nursing on the human teat (Figs. 24-6 and 24-7).16 The rela
tively inflexible artificial nipple resists the m ilking motion of the 
infant s tongue and mouth. The diameter of the artificial nipple

FIG 24-5 The successful C-hold with appropriate latch-on. FIG 24-6 The mechanics of breastfeeding.

ak
us

he
r-li

b.r
u



Chapter 24 Lactation and Breastfeeding 525

FIG 24-7 The mechanics of bottle feeding.

expands during a suck, whereas the human teat collapses during 
the milk flow. The infant who is sucking on a bottle learns to 
generate strong negative pressures (>100 mm Hg) in order to 
suck the m ilk out of the bottle. Because rapid flow from the 
bottle can gag the infant, he or she quickly learns to use the 
tongue to regulate flow. When the infant who has learned to 
bottle feed is put to the breast, the stopper function o f the 
tongue may abrade the tip o f the nipple and force it out of 
the infant’s mouth. The efficiency of m ilk transfer falls drasti
cally, and the hungry infant becomes frustrated and angry. A 
similar rejection may occur 4 to 8 weeks postpartum, when the 
exclusively breastfeeding infant is given a bottle in preparation 
for the mother’s return to work.

M ilk transfer is made more efficient by proper positioning of 
the infant to the breast, which places the infant and mother 
chest-to-chest. The infant’s ear, shoulder, and hip are in line. The 
most common maternal positions are the cradle hold, chest 
to-chest, side-lying, or the football hold (Figs. 24-8 and 24-9). 
Each has its advantages. Rotating positions for nursing allows 
improved drainage of different lobules, which is important in 
the management of a “plugged” duct or mastitis. Maternal 
comfort and convenience are the major reasons for changing 
nursing positions; the football hold and side-lying positions 
are more comfortable when the mother has an abdominal 
incision.

The neonate should be fed every 2 to 3 hours or 8 to 12 
times a day on demand. One of the important educational 
keys is for the mother to recognize the signs of a hungry baby 
before the baby is crying, angry, or stressed. The signs include 
lip smacking, hand movement to the mouth, restlessness, and 
vocalizations.

Baseline prolactin levels appear to be the major determinant 
of the maternal hormonal state during lactation, a state of high 
prolactin and low estrogen and progesterone levels. As the fre
quency o f nursing decreases below eight in 24 hours, the 
baseline prolactin levels drop below a level at which ovula
tion is suppressed (35 to 50 ng/mL), LH levels rise, and 
menstrual cycling is initiated.1 The intensity (adjusted odds 
ratio [OR]) of factors that initiate the onset of menses are the 
duration of sucking episodes less than 7 minutes (OR 2.4), night 
feedings less than four per 24 hours (OR 2.3), maternal age 15 
to 24 years (OR 2.1), maternal age 25 to 34 years (OR 1.7),

FIG 24-8 Side-lying nursing.

and day feedings less than seven per 24 hours (OR 1.6).17 
In women who feed their infants exclusively artificial breast 
milk, serum prolactin levels drop to prepregnant levels (8 to 
14 ng/mL) within days. In summary, the total number o f 
nursing episodes per day (more than eight per 24  hours) and 
night nursings are critical to the successful management of 
breastfeeding.

One of the major determinants of nursing frequency is the 
introduction of substitute nutriment sources for the infant, arti
ficial breast milk, or solids. Breast milk has the nutritional 
content to satisfy the growth needs o f the infant for at least
6 months postpartum. In the first 6 months, feeding with 
artificial breast m ilk (i.e., formula) affects the physiology of suc
cessful lactation in three ways: (1) it reduces proportionally the 
nutriment requirements from breast milk; (2) it increases the 
gastric emptying time (digestion is slower than with breast milk), 
with a subsequent decrease in frequency of nursing episodes; and

FIG 24-9 The football hold.
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FIG 24-10 Breastfeeding and engorgement. The firm, swollen breast 
parenchyma pushes the newborn's face away, and she is unable to 
pull the teat into her mouth. Her tongue abrades the tip of the nipple.

(3) it reduces the efficiency of nursing from use of an opposing 
sucking technique on the artificial nipple.

Starting the infant on solid foods (e.g., eggs, cereals, pureed 
food) has a similar effect on the hormonal milieu of the lactating 
woman, and one o f the errors in Western child care is the 
early, forced introduction o f solids. In most cases, the infant’s 
gut is filled with slowly digesting food with less nutritional 
value than breast milk, the long-term result o f which may be 
childhood and adolescent obesity. The most logical time to 
start solid food substitution is when the infant has reached the 
neurologic maturity to grasp and bring food to its mouth from 
its mother’s plate, which usually occurs at about 6 months. As 
the infant matures, his or her ability to feed improves, and the 
proportion of the diet supplied by solid food gradually increases.

The failure to develop good milk transfer is the major 
cause o f lactation failure and breast pain, especially in the 
neonatal period. Inhibition o f the let-down reflex and failure 
to empty the breasts completely leads to ductal distension 
and parenchymal swelling from extravascular fluid. This is 
termed engorgement, and it compromises the mechanics of 
nursing (Fig. 24-10); alveolar distension reduces secretion of 
milk by the alveolar cells. W ithout adequate transfer of milk 
to the infant, lactation is doomed to fail. Distension of the 
alveoli by retained m ilk causes a rapid (6 to 12 hours) decrease 
in m ilk secretion and enzyme activity by the alveolar epithelium. 
The decreased production of m ilk is explained by pressure inhi
bition and by an inhibitor secreted in breast milk. Distension of 
the alveoli inhibits secretion directly, rather than indirectly, by 
a decrease in nutriment or hormonal access.

BREAST MILK: THE GOLD STANDARD
One o f the most common misconceptions by physicians and 
the lay public, and one that is heavily marketed by the 
formula industry, is that modern “formulas” are equivalent 
to breast milk. The age-old reality remains: human breast

milk is uniquely suited to our biologic needs and remains 
the best source o f nutrition for the human infant. Human 
breast m ilk has a composition very different than that of bovine 
m ilk or soybean plants from which artificial breast m ilk is pro
duced.17 Nutritional, host-defense, hormonal, and psychophysi- 
ologic differences between human breast m ilk and breastfeeding 
versus formula and bottle feeding make the health benefits of 
breastfeeding understandable. This section will link the latter 
differences to a summary of a massive amount of basic and clini
cal research that demonstrates better health outcomes associated 
with breast m ilk and breastfeeding compared with formula and 
bottle feeding.

Overview
The composition o f mature human milk is very different 
from artificial breast milk (formula). Most artificial breast 
milk products use bovine milk or soybean constituents as a 
substrate. Minerals, vitamins, proteins, carbohydrates, and 
fats are added to pasteurized bovine milk for perceived nutri
tional needs, as well as marketing aims, to make a product 
that will successfully compete with human breast milk. For 
example, human breast m ilk appears “thinner” than bovine milk. 
Artificial breast milk manufacturers add constituents (e.g., 
palm- or coconut-based oils) to make artificial breast milk 
appear rich and creamy, thereby creating a product that is more 
easily marketed to the American public.

Extensive research describes the unique composition of 
human milk. The infant formula industry has produced even 
greater volumes of data concerning their attempts to exactly 
reproduce human milk. In 1980, the U.S. Congress passed the 
Infant Formula Act (with revisions in 1985) as the result of 
severe health consequences when artificial breast m ilk failed to 
include key vitamins and minerals in new formula compositions. 
This law now requires that all formulas for artificial breast milk 
contain minimum amounts of essential nutrients, vitamins, and 
minerals. Although life-threatening omissions are unlikely, 
current formulas have major differences in the total quanti
ties and qualities o f proteins, carbohydrates, minerals, vita
mins, and fats when compared with human milk. The reader 
is reminded that the recommended daily allowance (RDA) is the 
amount needed to prevent a deficiency disease, not the amount 
needed for the best health.

Breast milk promotes optimal somatic growth and meta
bolic competence. Human breast m ilk has evolved to ensure the 
most efficient digestion by the human infant, which is not the 
case with bovine or soybean-derived formulas.18 Gastric empty
ing is faster in neonates fed breast m ilk versus formula, 1 to 2 
hours versus 3 to 4 hours, respectively. The greater speed of 
digestion with breast m ilk relates to differences in casein/whey 
protein ratio, fatty acid content, fatty acid attachment to the 
glycerol backbone, and presence of GI enzymes and GI hor
mones to facilitate digestion, motility, and function. Bovine 
formulas contain only limited and degraded hormones and 
enzymes appropriate for calves, and none of these important 
constituents is found in formulas that use a soybean base. In 
addition, the bioavailability of naturally supplied vitamins and 
minerals in breast m ilk is 20% to 50% higher than that of the 
vitamins and minerals added to artificial breast milk.

The nutritional differences between formula and human milk 
are reflected in differences in the growth patterns of infants who 
are exclusively breastfed for 4 to 6 months and infants who are 
fed artificial breast milk. In general, breast-fed infants have
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TABLE 24-1 EFFECTS OF INFANT FEEDING ON
SOMATIC GROWTH AND 
CARDIOVASCULAR PATHOPHYSIOLOGY 
IN DEVELOPED COUNTRIES

BENEFIT OF RISK OF
BREASTFEEDING "FO RM ULA"
ADJUSTED OR ADJUSTED
(95% Cl) OR (95% Cl)

Childhood obesity 0.81 (0.77-0.84) 1.23 (1.14-1.3)
Child type 2 diabetes 0.61 (0.44-0.85) 1.64 (1.18-2.27)
Maternal cardiovascular 0.72 (0.53-0.97) 1.39 (1.03-1.89)

disease
Maternal hypertension 0.87 (0.82-0.92) 1.15 (1.09-1.22)
Maternal vascular 0.19 (0.05-0.68) 5.26 (1.47-20.0)

calcifications
Maternal myocardial 0.77 (0.62-0.94) 1.3 (1.06-1.61)

infarction
Maternal type 2 diabetes 0.84 (0.78-0.91) 1.19 (1.10-1.28)

In general, odds ratio (OR) was adjusted for age, parity, race, and socioeconomic status. 
Cl, confidence interval.

faster linear and head growth, whereas formula-fed infants 
tend to have greater weight gain and fat deposition. The
greater deposition in fat may relate in part to the earlier intro
duction of solid foods in the infants fed formula, a factor that 
has not been adequately controlled in current studies.

Regardless o f the cause, formula has important adverse 
effects on the metabolic competence o f the child, adoles
cent, and future adult (Table 24-1). Since 2007, when the 
extensive evidence-based reviews were published by the Agency 
for Healthcare Research and Quality (AHRQ)19'26— and after 
follow-up analysis by Ip and colleagues20 in 2009— these find
ings have been verified, proving a dose-response relationship 
and providing an improved understanding of the physiologic 
and endocrine causes for the benefits seen with prolonged 
breastfeeding.2226

Breastfeeding enhances cognitive development. Human 
breast m ilk has superior capacity to enhance the development 
of the infant’s brain and its integrative capacity through many 
defined and undefined differences between human breast milk 
and formula. The currently identified constituents of human 
breast m ilk that enhance integrative capacity include growth 
hormones, oligosaccharides, nucleotides, glycoproteins, and 
long-chain polyunsaturated fatty acids (LCPUFAs). In high- 
risk, premature neonates, human breast milk given by gavage 
enhances the infant’s later intelligence quotient (IQ) and 
performance on psychometric testing in a dose-dependent 
fashion after controlling for maternal intelligence, family 
education, and socioeconomic status.  ̂ A recent large cohort 
study that compared very-low-birthweight infants14 demon
strated that for every 10 mL/kg/day increment of breast m ilk 
fed to these high-risk neonates, neurodevelopmental outcomes 
improved.28

Although the effect is most dramatic among high-risk infants, 
smaller effects on IQ  are seen in term infants (adjusted incre
ment [95% C l], 3.16 points [2.35 to 3.98] vs. low birthweight 
infants, 5.18 points [3.59 to 6 .77]).29 A population-based birth 
cohort was launched in 1982 in Pelotas, Brazil among 5914 
neonates.30 Initiation, exclusivity, and duration of breastfeeding 
was recorded between 19 and 42 months. At 30 years of age, 
3701 of the enrollees (68% follow-up) underwent ascertainment 
of their IQ, educational achievement, and family income. In the 
confounder-adjusted analysis, those who were breastfeed 12

months or more had higher IQ  scores (+3.76; 95% C l, 2.20 to 
5.33), more years of education (+0.91 years; 95% C l, 0.41 to 
1.40), and higher monthly income than those who were breast
fed for less than 1 month.30

The information regarding breastfeeding, LCPUFAs, and 
improved intelligence has been powerful enough for formula 
companies to change their concoctions to include more LCPU
FAs. However, just adding LCPUFAs does not change the other 
deficiencies in formula. Another recent example of neurodevel
opmental enhancement with breastfeeding is the strong associa
tion found between breastfeeding and enhanced visual acuity. 
Conversely, infants fed LCPUFA-enhanced formula had similar 
deficiencies in high-grade foveal stereoacuity (adjusted OR, 
2.5; 95% C l, 1.4 to 4.5), as did those infants fed standard 
formula.31

Breastfeeding enhances infant responses to infection and 
reduces allergic disease. At birth, the fetus enters an unsterile 
world with a naive and immature immune system. Full develop
ment of the immune system may take up to 6 years. Breast milk 
has a wide array o f antiinfective properties that will support 
the developing immune system. The major mechanisms for 
the protective properties o f breast milk include active leuko
cytes, antibodies, antibacterial products, competitive inhibi
tion, enhancement o f nonpathogenic commensal organisms, 
and suppression o f proinflammatory immune responses.32 34

A critical event in host resistance is the recognition of patho
genic agents in the environment and the production of an 
antigen-specific adaptive immune response. Breastfeeding pro
vides a unique system to help the infant fight infection with 
an adaptive antigen-specific response. Through breast milk, 
the neonate takes advantage of maternal recognition of these 
infectious agents (Fig. 24-11). This important mechanism was 
described by Slade and Schwartz.35 An antigen or infectious 
agent— such as a virus, bacterium, fungus, or protozoan— 
stimulates the activity of leukocytes in the GI or respiratory tract 
of the mother. Lymphocytes encoded with the antigen signature 
travel to the nearest lymph node and stimulate lymphoblasts to 
develop cytotoxic T  cells, helper T cells, and plasma cells pro
grammed to destroy the initiating antigen through phagocytosis 
or complement/immunoglobulins produced by the B cells. The 
response is amplified by the migration of committed helper 
lymphocytes to other sites of white blood cell production, the 
spleen and bone marrow, where they stimulate the production 
of antigen-specific committed white blood cells. Some of the 
committed, antigen-specific helper lymphocytes travel to the 
mucosa of the breast in the lactating mother. Plasma cells, which 
produce secretory immunoglobulin A (slgA), constitute 50% 
to 80% of the leukocytes in the breast submucosa. They may 
migrate into the breast m ilk (macrophages) or may produce 
immunoglobulins (slgA, IgG—lymphocytes or plasma cells). 
Both are uniquely programmed to fight the specific infectious 
agent that challenges the mother. Active leukocytes are com
pletely eliminated by pasteurization (formula) and freezing 
(stored, pumped breast milk).

Immunoglobulins are a unique component o f breast milk 
that are absent in artificial breast milk. In contrast to mono
meric serum  IgA, the secretory IgA (slgA) in breast m ilk is dimeric 
or polymeric; polymerization improves transport across the 
maternal alveolar cells into the breast milk. The immunoglobu
lins in breast m ilk appear to be fully functional. The slgA is 
produced locally by plasma cells and does not activate comple
ment or promote opsonic complement subfragments. As a
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consequence, slgA is not bactericidal. It appears that slgA blocks 
the mucosal receptors (adhesins) on the infectious agent. The 
virulence of pathogens is related to their ability to use adhesins 
capable of interacting with complementary gut epithelial cell- 
surface receptors. W hen the antigen-specific slgA attaches, the 
pathogen is effectively neutralized.

In the last 5 to 10 years, an increasing amount of research has 
focused on critical imprinting between neonatal gut flora and 
future immune responses.33'38 The neonate is an antigen-naive 
organism whose adaptive response is delayed by a lack of expo
sure. In addition, the cytokine response to TOLL-like receptor 
(TLR) stimulation appears to be exaggerated, especially in the 
preterm infant in whom injury is partly cytokine mediated 
(i.e., periventricular leukomalacia, necrotizing enterocolitis, and 
bronchopulmonary dysplasia). The adaptive immune system 
takes between 4 and 8 days to develop an effective defense; the 
neonate bombarded by new antigens/organisms during the 
birth process must rely on an innate host defense system to 
provide an immediate but controlled response during the 
first critical 7 days o f breastfeeding.

Human breast m ilk actively limits pathogenic microbes (e.g., 
Escherichia coli) and promotes the growth of nonpathogenic, 
commensal microbes (e.g., Bifidobacterium bifidum  and other 
species). One o f the most important breast milk constituents 
in the innate host defense system are human-specific oligo
saccharides. Oligosaccharides are indigestible complex carbohy
drate structures that have a microbe (genus)-specific ability to 
bind to cell-surface receptors of the microbe. The unique oligo
saccharide binding to the surface receptor blocks the binding of 
the microbe to the infant’s mucosal receptors, thereby lim iting 
microbe virulence. On the other hand, human milk contains an

oligosaccharide homologous to the infant’s mucosal receptors. 
The oligosaccharide-mucosal receptor complex allows specific 
attachment of Bifidobacterium  species to the intestinal mucosa, 
further competitively inhibiting the attachment of pathogenic 
organisms.

A similar attachment of B. bifidum  to dendritic cells, which 
interdigitate through the intestinal epithelial cells, allows for 
a critical modulation of the developing neonatal immune sys
tem. The interaction upregulates the antiinflammatory cytokine 
system— interleukin (IL)-IO, soluble IL-1 receptor antagonist, 
and so on— and orchestrates the conversion of naive T-helper 
cells into a mature, balanced response. These early imprinting 
interactions may have profound effects on the incidence of in
flammatory diseases in the adult, intrinsic bowel disease, asthma, 
rheumatoid arthritis, and perhaps cardiovascular diseases. In 
addition to the crosstalk between commensal gut bacteria and 
the immune system of the neonate, human colostrum contains 
large quantities of a soluble form of the bacterial pattern recogni
tion receptor, cluster of differentiation 14 (sC D l4). CD 14 is a 
known modulator of host response to bacterial lipopolysaccha- 
rides (LPSs). In particular, CD 14 binds toTLR-4 receptors and 
limits the binding of LPS from gram-negative rods. The failure 
to activate the TLR-4 receptor reduces the exaggerated imma
ture cytokine response possible in neonates. Recent therapeutic 
interventions have used the immune-modulating qualities of 
the commensal bacteria-host interactions to successfully treat 
several important human diseases: necrotizing enterocolitis, in
flammatory bowel disease, Clostridium difficile—associated colitis, 
acute gastroenteritis, and atopic dermatitis.

Known and unknown constituents of human breast milk 
inhibit the growth of and actively destroy pathogenic organisms;
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TABLE 24-2 REDUCTION OF INFECTION 
AND ALLERGIC DISEASE 
WITH BREASTFEEDING

BENEFIT OF RISK OF
BREASTFEEDING "FORM ULA"
ADJUSTED OR ADJUSTED

OUTCOME (95% Cl) OR (95% Cl)

Acute otitis media 0.77 (0.64-0.94) 1.30 (1.06-1.56)
Gastrointestinal infections 0.36 (0.32-0.41) 2.78 (2.44-3.12)

0.54 (0.36-0.80) 1.85 (1.25-2.78)
Lower respiratory infections 0.28 (0.14-0.54) 3.57 (1.85-7.14)
Asthma 0.73 (0.59-0.92) 1.37 (1.09-1.69)
Atopic dermatitis 0.58 (0.41-0.92) 1.72 (1.09-2.44)
Type 1 diabetes 0.70 (0.56-0.87) 1.43 (1.15-1.77)
Childhood leukemia 0.81 (0.71-0.91) 1.23 (1.10-1.41)
Sudden infant death 0.64 (0.51-0.81) 1.56 (1.23-1.96)

syndrome

In general, odds ratio (OR) was adjusted for age, parity, race, and socioeconomic status. 
AHRQ, Agency for Healthcare Research and Quality; Cl, confidence interval.

formula has none of these constituents. Certain vitamins and 
minerals are essential for the growth of pathogenic bacteria, and 
a major mechanism by which breast m ilk protects the infant is 
the competition for “essential” nutriments for pathogenic bac
teria. Iron and vitamin B,, are two essential nutriments for 
pathogenic bacteria that have been studied relative to breast 
milk. Breast milk contains lactoferrin, an iron-binding gly
coprotein, in large quantities (5.5 mg/mL in the colostrum 
to 1.5 mg/mL in mature milk); this is absent in artificial 
breast milk. The free-iron form o f lactoferrin competes with 
siderophilic bacteria for ferric iron and thus disrupts the 
proliferation o f these organisms. The binding o f iron to lac
toferrin also enhances iron absorption; less iron is required 
in breast milk in order to satisfy the iron needs o f the infant. 
The antibacterial role of lactoferrin is more complex than simple 
competition for ferric iron.39 Lactoferrin causes a release of LPS 
molecules from the bacterial cell wall. This appears to sensitize 
the bacterial cell wall to attack by lysozyme, and lactoferrin and 
lysozyme work together to destroy the pathogenic organisms.

Table 24-2 describes the effects of breastfeeding on the adap
tive and innate host defenses. The cause of sudden infant death 
syndrome (SIDS) is not clear, but a current theory includes an 
aberrant immune response.

The hormonal changes o f lactation—low estrogen, low 
progesterone, and hyperprolactinemic amenorrhea— favor a 
reduction in maternal reproductive cancers, but the relation
ship is undefined, and the relationship between the maternal 
immune system and the mother’s experience with breastfeeding 
has not been adequately explored. However, in a dose-dependent 
fashion, breastfeeding reduces breast cancer per year of cumula
tive breastfeeding by 4.3%  (95% C l, 2.9% to 5.8%). Likewise, 
breastfeeding for greater than 12 months in the mother’s lifetime 
reduces ovarian cancer (adjusted OR, 0.72; 95% C l, 0.54 to
0.97); conversely, exclusive feeding with formula is associated 
with an enhanced risk of ovarian cancer (adjusted OR, 1.39; 
95% C l, 1.03 to 1.85).19-21

Breastfeeding enhances mother-infant bonding and reduces 
poor social adaptation. The human newborn infant is born 
entirely dependent on the mother for transportation, food, 
warmth, and social conditioning. Survival depends on a unique 
bond between mother and infant to enhance maternal protective 
behaviors. Like all other mammals, humans have a critical 
imprinting period (0.5 to 1 hour) for the establishment of

mother-infant bonding. The most visible manifestation of the 
new bond is the duration of breastfeeding. Numerous studies 
with random assignment of breastfeeding dyads to early (<1 
hour) or later (>2 hours) initiation of breastfeeding demonstrate 
a significantly higher incidence of any breastfeeding or exclusive 
breastfeeding at 2 to 4 months after birth in those dyads who 
initiated breastfeeding early.

A 2007 review by Moore and colleagues12 in the Cochrane 
Database of Systematic Reviews supports the benefits of early 
skin-to-skin contact. Their conclusions from a review of 30 
studies that involved 1925 mother-infant dyads were that early 
skin-to-skin contact was associated with babies who interacted 
more with their mothers, stayed warmer, and cried less. Babies 
were more likely to be breastfed, and to breastfeed longer, if  
they had early skin-to-skin contact. More recently, a study 
with random assignment of subjects to immediate skin-to-skin 
contact or not—with timing of first feeding being mother 
directed and independently recorded— suggested that early 
skin-to-skin contact was a better predictor o f duration of 
exclusive breastfeeding than the timing o f the first sucking 
episode. 11 This observation complements the success of so-called 
kangaroo care in the performance of high-risk neonates in the 
neonatal intensive care unit (NICU).

Recent human studies based on robust animal data41 suggest 
that continued skin-to-skin contact and breastfeeding greatly 
affect the responsiveness to stress in the infant and mother. 
Experimental physiologic and psychological stressors produce 
measured stress-induced changes in adrenocorticotropic hor
mone and cortisol and in autonomic responses in breastfeeding 
women versus women feeding their infants formula exclu
sively. In keeping with numerous animal studies, the breast
feeding mothers had a significandy blunted response o f the 
hypothalamic-pituitary-adrenal (HPA) axis, also known as 
“fight or flight response,” to the experimental stressors.41 42 
A reciprocal relationship is apparent in the breastfeeding infant, 
who has greater parasympathetic tone and a blunted HPA-axis 
response compared with a similar infant fed formula. These 
observations may be partially explained by a decrease in skin-to- 
skin contact in infants fed formula. Whereas kangaroo care has a 
salutary effect on breastfeeding incidence, the positive effects on 
weight gain and the blunted stress response are independently 
associated with the amount of skin-to-skin contact.12,42,43

The association between breastfeeding and better psychosocial 
outcomes has been the topic of much epidemiologic research 
over many decades. Critics have repeatedly pointed out the 
selection bias inherent with these studies. However, improved 
epidemiologic research design has confirmed the lifelong value 
for the breastfeeding dyad in subsequent stressful situations. 
Two powerful studies illustrate the risk of not breastfeeding. In 
the first study Strathearn and colleagues" explored whether 
breastfeeding was protective against maternal-perpetrated 
child maltreatment. The study design monitored prospec- 
tively 7223 Australian mother-infant pairs (identified at first 
prenatal visit) and followed them over a 15-year period after 
birth. The primary outcome was substantiated maltreatment 
reports by a governmental child protection agency. Maternally 
perpetrated substantiated abuse or neglect was identified in 313 
pairs (4.3% of the cohort). The analysis adjusted for the 18 
confounding variables, which included five sociodemographic 
variables; four prenatal behaviors/attitudes (i.e., substance abuse, 
anxiety, attitude toward pregnancy); four infant factors, includ
ing NICU admission; seven postnatal behaviors/attitudes (i.e.,
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mother-infant separation, maternal stimulation/teaching the 
baby, maternal depression). The adjusted OR for maternal 
maltreatment cases among children fed exclusively formula 
was 2.2 (95% Cl, 1.5 to 3.2) versus any breastfeeding, and 
it was 3.8 (95% Cl, 2.1 to 7.0) versus exclusive breastfeeding 
for 4 months or longer.

In a second study, the response of the child was measured. 
Montgomery and colleagues45 used data collected in the 1970 
British Cohort Study, in which subjects were followed for 10 
years; 8958 (71%) had complete data and were used in the 
analysis. The study analyzed childhood anxiety associated with 
parental divorce or separation as reported by their teachers on 
an analog scale of 0 to 50 related to the question, “Was (the 
subject) worried and anxious about many things?” Exclusive 
feeding with formula, after adjustment for many factors, was 
associated with a dramatic increase in perceived childhood 
anxiety (adjusted OR, 8.8; 95% C l, 5.3 to 12.2), whereas 
breastfeeding at entry had no significant effect on childhood 
anxiety associated with divorce (adjusted OR, 1.3; 95% C l, 
—3.6 to 6.1).

Breastfeeding is cost effective fo r the family and society. 
The nonmedical costs o f artificial breast milk (formula) 
feeding are considerably higher than for breastfeeding.46 The
direct cost of artificial breast m ilk feeding includes the cost of 
the artificial formula (900 mL/day), bottles, and supplies. In 
eastern North Carolina (April 2015), the average retail cost 
of 900 mL of brand name prepared formula was about $8.00 
daily ($2920 yearly); of brand name concentrate, about 
$5.50 daily ($2008 yearly); and of powdered formula, about 
$4.65 daily ($1697 yearly). Store brands cost about two thirds 
of the price of brand names. Special formulas— including soy- 
based, LCPUFA-enhanced, and hypoallergenic formulas— cost 
50% to 200% more. A major indirect cost of artificial breast 
m ilk feeding is the environmental impact of large dairy herds to 
supply the bovine m ilk substrate and the mountains of packag
ing material discarded in landfills or incinerated.

Breastfeeding provides the right amount of a superior product 
at precisely the right time and at the right temperature. The 
nonmedical costs of breastfeeding include the cost of increased 
dietary calorie and protein needs ($2 to $3 daily), nursing bras 
and breast pads, and an increased number of diapers in the first
2 to 3 months. If a rented electric breast pump is used when the 
woman returns to work, the cost of breastfeeding will increase 
$2 to $4 per day.

Increase in acute medical diseases will manifest as increased 
costs o f medical care for those families who choose to feed 
their infant artificial breast milk or formula.45'49 Among Med
icaid populations in Colorado and California and in health 
maintenance organizations (HMOs) in Arizona, the medical 
cost of artificial breast m ilk feeding amounts to $350 to $600 
per year per infant. Among patients who belonged to a large 
HMO in Tucson, Arizona, the excess yearly medical costs of 
1000 never-breast-fed infants versus 1000 infants who were 
exclusively breastfed for at least 3 months was $331,041  
(Table 24-3).49

The health care benefits are also reflected in the reduction of 
medical leave taken by the working mother to care for the sick 
child. The data demonstrate fewer days for sick leave in 
women who work and continue to breastfeed than working 
women who formula feed.

A cost analysis by Bartick and Reinhold47 calculated the excess 
pediatric costs with U.S. breastfeeding initiation rates in 2005

TABLE 24-3 EXCESS MEDICAL COST AMONG 
1000 NEVER-BREASTFED VERSUS 
1000 EXCLUSIVELY (>3 MONTHS) 
BREASTFED INFANTS

EXCESS SERVICES 
PER YEAR TOTAL
PER 1000 NEVER EXCESS
BREASTFED COST

Office visits 1693 $111,315
Follow-up visits 340 $22,355
Medications* 609 $7669
Chest radiography 51 $1836
Days of hospitalizationf 212 $187,866
Total excess cost per year $331,041

Modified from Ball TM , Wright AL. Health care costs of formula-feeding in the first year 
of life. Pediatrics. 1999; 103:870.
*Lower respiratory infection, otitis media.
Lower respiratory infection, gastroenteritis.

TABLE 24-4 EXCESS PEDIATRIC COSTS AND DEATHS 
WITH THE FAILURE TO EXCLUSIVELY 
BREASTFEED FOR 6 MONTHS IN 80% 

_____________OF DYADS______________________________
EXCESS COST (DEATHS) 
COMPARED WITH 80%  
COMPLIANCE*

Total $10,491,841,489 (714)
Sudden infant death syndrome $3,722,074,013 (352)
Necrotizing enterocolitis deaths $2,218,109,495 (210)
Pneumonia deaths $1,557,915,767 (146)
Otitis media $765,766,295
Atopic dermatitis $497,497,274
Childhood obesity $404,195,504
Pneumonia hospitalization $381,578,219
Childhood asthma $229,194,255
Necrotizing enterocolitis hospitalization $219,843,084
Childhood asthma deaths $148,022,294 (14)
Gastroenterocolitis $162,076,307
Childhood leukemia deaths $133,422,239 (13)
Childhood type 1 diabetes deaths $64,999,258 (6)
Type 1 diabetes $5,717,067
Childhood leukemia $1,430,416

Modified from Bartick M, Reinhold A. The burden of suboptimal breastfeeding in the 
United States: a pediatric cost analysis. Pediatrics. 2010; 125:1048.
*In 2007 U.S. dollars.

(74%) and exclusive breastfeeding rates at 6 months (12.3%) 
compared with 80% exclusive breastfeeding for 6 months using 
the published AHRQ analysis.1 9 The total excess cost amounted 
to almost $10.5 billion and 714 deaths per year (Table 24-4). 
Their estimates do not account for the excess burden of chronic 
disease in the mother and child, obesity, type 2 diabetes, and 
cardiovascular disease; therefore the true burden is many times 
greater than just the pediatric costs. A recent similar study48 in 
the United Kingdom based on 2009 and 2010 data showed that 
support for women who are exclusively breastfeeding at 1 week 
to continue to exclusively breastfeed until 4 months will reduce 
the incidence of gastroenteritis, lower respiratory infections, and 
otitis media with a savings of at least £11 million. Similarly, 
doubling the proportion of women currently breastfeeding for 
a total of 7 to 18 months is likely to reduce the incidence of 
maternal breast cancer and will save at least £31 million over a 
lifetime based on 2009/2010 values.48

In the past, the failure to correctly reproduce human milk led 
to significant infant disease. In 1980, the U.S. Congress passed
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the Infant Formula Act, with subsequent revisions in 1985, as 
the result of severe health consequences when artificial breast 
milk failed to include key vitamins and minerals in new formula 
compositions. This law now requires that all formulas for artifi
cial breast m ilk contain minimum amounts of essential nutri
ents, vitamins, and minerals. Al though life-threatening omissions 
are unlikely, current formulas have major differences in the 
total quantities and qualities o f proteins, carbohydrates, 
minerals, vitamins, and fats when compared with human 
milk. The reader is reminded that the recommended daily allow
ance (RDA) is the amount needed to prevent a deficiency 
disease, not the amount needed for the best health.

ROLE OF THE OBSTETRICIAN 
AND GYNECOLOGIST
The gynecologist plays a primary role in support of breast
feeding.21'50,51 Between 50% and 70% of women make a deci
sion regarding how they will feed their infants before their 
pregnancies. The gynecologist needs to start promotion before 
the first pregnancy. W hen the reproductive-age woman seeks 
initial family planning advice and contraception, the likelihood 
is high that she w ill become pregnant in the next 2 to 5 years. 
The breast examination is a regular part o f the family plan
ning visit; it is used extensively to screen for breast cancer 
despite its rare occurrence at the ages of usual pregnancies (<35 
years). This visit is a good opportunity to reassure the woman 
of her normal breast anatomy and build her self-confidence 
for lactation success through vocal and visible support of 
breastfeeding.

The obstetrician/gynecologist amplifies support for breast
feeding by community advocacy, office environment, and per
sonal choices. The office environment needs to be “breastfeeding 
friendly.” Visible, active support o f breastfeeding includes the 
presence o f breastfeeding mothers, patient educational pro
grams on breastfeeding, a quiet area for nursing mothers, 
an absence o f material supplied by formula companies, and 
visible support for office personnel who choose to breastfeed. 
In a trial with random assignment of a prenatal education packet 
produced by formula companies versus an educational packet 
produced by a breastfeeding-friendly pediatrician, the formula 
company packets resulted in less initiation and shorter duration 
of breastfeeding.52 The physician, especially a female obstetrician/ 
gynecologist, can be a positive role model for patients. Women 
will ask the female gynecologist whether and how long she 
breastfed her children, and her answers will have a powerful 
influence.

An important role of the obstetrician is to identify early in 
pregnancy those women who cannot breastfeed or who may 
have challenges (Table 24-5). The liberal use of galactagogues 
and tube feeding devices and having lactation consultants as case 
managers can mediate challenges related to breast m ilk produc
tion or breast m ilk transfer. The World Health Organization 
(WHO) has valuable guidelines regarding the use of formula 
when breastfeeding is contraindicated.54

In the second and third trimester, the obstetrician plays a 
major role in directing and supporting prenatal patient educa
tion about breastfeeding. Patient education has been shown to 
increase the initiation and maintenance of breastfeeding. A 
review55 by the U.S. Preventive Service Task Force of 38 well- 
conducted trials with random assignment o f subjects to 
primary care interventions to promote breastfeeding versus

TABLE 24-5 IDENTIFICATION OF WOMEN AT HIGH 
RISK FOR UNSUCCESSFUL 
BREASTFEEDING OUTCOMES

CONDITION
RISK
ASSESSMENT MANAGEMENT

HIV in United States Contraindicated Formula feeding
Untreated active Contraindicated Neonatal antibiotic

tuberculosis treatment, resume

Herpes of nipple Contraindicated

breastfeeding after 2 
weeks of maternal 
therapy if mother 
asymptomatic 

Isolate lesions, treat
on infected side mother and infant

Maternal Contraindicated
systemically 

Formula feeding
antineoplastic
medications

Neonatal Breast milk and Lactose-free supplement
galactosemia “formula”

Breast-reduction
contraindicated 

High risk Prenatal consultation with
surgery lactation consultant

Breast augmentation Moderate risk
and pediatrician 

Prenatal consultation with

Failure of breasts to Moderate to high

lactation consultant 
and pediatrician 

Prenatal consultation with
enlarge during risk lactation consultant
pregnancy, small and pediatrician
tubular breasts

Unsuccessful Moderate risk Identify issues, prenatal
breastfeeding with education, prenatal
prior child consultation with

lactation consultant

HIV, human immunodeficiency virus.

“usual care” demonstrated significantly increased rates o f  
short-term (1 to 3 months) and long-term (6 to 8 months) 
exclusive breastfeeding. In subgroup analysis, a combined pre
natal and postnatal intervention had a greater effect on increas
ing breastfeeding duration than a prenatal or postnatal 
intervention alone. Interventions that included individual- 
level professional support and lay counselors had the most 
impact. At the 36-week visit, the obstetrician readdresses the 
mother’s choice and knowledge regarding breastfeeding. Simple 
concepts of breastfeeding physiology are reinforced: early feeds 
(<1 hour postpartum), frequent feeds (>10 per day), a support
ive environment, and no supplementation unless directed by a 
pediatrician. The obstetrician reinforces the appropriate way to 
get the baby to latch on to the breast and ensures that the 
increase in the mother’s breast size reflects hormonal readiness 
for breastfeeding. The patient is warned of hospital policies and 
attitudes that interfere with breastfeeding success. The 36-week 
visit is also a good time to address the appropriateness of 
medications and breastfeeding.

The delivery experience has a tremendous impact on the 
initiation and maintenance of breastfeeding.51,52 Obstetric and 
pediatric care providers, including the nursing team, adapt to 
maternal, fetal, and neonatal health to enhance or reduce the 
success of breastfeeding. In the 1980s, international professional 
organizations recognized that several primarily hospital-based 
behaviors enhance the initiation and maintenance of breastfeed
ing. In 1989, the essential 10 steps (Box 24-1) in protecting, 
promoting, and supporting breastfeeding were published in
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532 Section IV Postpartum Care

BOX 24-1 10 STEPS TO SUCCESSFUL BREASTFEEDING

1. H ave a w r it te n  p o lic y  to  s u p p o r t b re a s tfe e d in g .
2. T ra in  all h e a lth  care  p ro v id e rs  in B a b y -F rie n d ly  

H o sp ita l In itia tiv e  p ro to c o ls .
3. In fo rm  all p re g n a n t w o m e n  a b o u t th e  b e n e fits  o f 

b re a s tfe e d in g .
4. In itia te  b re a s tfe e d in g  w ith in  1 h o u r a fte r b irth .
5. S h o w  m o th e rs  h o w  to  e xp re ss  b re a s t m ilk  and 

m a in ta in  la c ta tio n  even  if  th e y  are sep a ra te d  fro m  
th e ir  in fa n ts .

6. G ive  n e w b o rn  in fa n ts  no fo o d  o r d r in k  o th e r th a n  
b re a s t m ilk  un less  m e d ic a lly  in d ica te d .

7. A llo w  m o th e rs  and  in fa n ts  to  re m a in  to g e th e r  24 
h o u rs  a d a y  (i.e., ro o m in g  in).

8. E n co u rag e  b re a s tfe e d in g  on d e m a n d .
9. G ive  no a rtif ic ia l te a ts  o r  pa c ifie rs .

10. F oste r th e  e s ta b lis h m e n t o f b re a s tfe e d in g  s u p p o rt 
g ro u p s  and  re fe r m o th e rs  to  th e m  on d isch a rg e  fro m  
th e  h o s p ita l o r c lin ic .

Modified from  WHO/UNICEF. Protecting, prom oting, and supporting 
breastfeeding: the special role of m aternity services, a jo in t WHO/UNICEF 
statement. Geneva, W orld Health Organization, 1989.

a joint statement by the WHO and the United Nations Chil
dren’s Fund (UNICEF).

The W HO Ten Steps have become institutionalized in the 
Baby-Friendly Hospital Initiative (BFHI) and accreditation 
process. These steps are well founded on evidence-based 
medicine that demonstrates improvement in breastfeeding 
success.'1,55-57

Newer population research designs demonstrate increased 
breastfeeding rates and improved population health while 
reducing the self-selection bias that confuses much epidemio
logic research in breastfeeding. Cluster-randomized trials of 
breastfeeding promotion interventions modeled on the WHO/ 
UNICEF Baby-Friendly Hospital Initiative (see Box 24-1) have 
been used in at least two separate populations. In these studies, 
maternity clinics and hospitals are assigned randomly to receive 
intensive educational programs to increase breastfeeding rates. 
The outcomes of interest are breastfeeding rates and short-term 
neonatal morbidities (infections, atopic dermatitis, etc.) In both 
studies, breastfeeding rates were improved significantly (P < 
.001) with exclusive breastfeeding at 3 months, 43.4%  versus 
6.4% in Belarus and 79% versus 48% in India. The interven
tions were associated with a 30% to 50% lower prevalence of 
GI infections and atopic dermatitis and better infant growth in 
their respective populations.

Unfortunately, the United States is far behind the rest of the 
world in designating their maternity facilities as “baby friendly”; 
in 2014, only 7.79% of live births occurred in a BFHI-designated 
facility. In 2008, the CDC started reporting breastfeeding- 
related maternity practices and outcomes (see http://cdc.gov/ 
breastfeeding/data).58 These data are used to grade and compare 
the quality of care given by hospitals and their providers related 
to breastfeeding support. The obstetrician is a key player in 
quality improvement related to breastfeeding and in the 
application o f the essential 10 steps, that is, the BFHI.

A hospital’s BFHI designation does not absolve the obstetric 
care provider from advocacy and action to support breastfeed
ing. Support for obstetric quality initiatives such as no elective 
delivery prior to 39 weeks and initiatives to reduce the primary

cesarean delivery rate will reduce the number of neonates start
ing the process of learning to breastfeed with additional 
challenges— that is, more hyperbilirubinemia in early term birth 
and more transient tachypnea of the newborn delivered by 
cesarean.

As the “captain of the ship” in the delivery room, the deliv
ering provider is instrumental in getting the baby skin-to-skin 
with the mother and breastfeeding w ithin 30 minutes.55,59 In 
a multivariate analysis of 300 consecutive term patients in a 
BFHI-certified tertiary care hospital, the four variables that pre
dicted exclusive breastfeeding in the last 24 hours prior to post
partum discharge were at least partially under the control of the 
obstetric care provider. They included prenatal desire to breast
feed (positive predictor), cesarean delivery (negative predictor), 
neonate to the breast within 1 hour (positive predictor), and 
supplementation within the first 48 hours (negative predictor).60

As the result of obstetric interventions, health care providers 
often want to supplement the neonate with 1 to 2 bottles of 
formula to “allow the mother to recover.” In a prospective cohort 
study, one or more bottles of formula were given to neonates 
during the postpartum hospitalization whose mothers wished to 
exclusively breastfeed in the prenatal clinic.61 Early supplementa
tion had a significant impact on the duration of both breastfeed
ing and exclusive breastfeeding. No supplementation versus 
early supplementation resulted in a rate of not exclusively breast
feeding at 60 days of 37% versus 68% and of breastfeeding 
cessation by day 60 of 11% versus 33%, respectively. In addi
tion, the use of one or two bottles of cow’s m ilk-based formula 
will provide primary sensitization to cow’s m ilk proteins in neo
nates at risk for atopy.

After postpartum discharge, the obstetrician is primarily 
focused on maternal concerns about breastfeeding: maternal 
diet, breast symptoms and signs, hormonal function postpar
tum, contraception, maternal medications, and a breastfeeding 
advocate when the mother is referred to other specialists (see 
Chapter 23). A secondary but equally important focus is the 
growth and development of the infant. Traditionally, the obste
trician sees the mother at 4 to 6 weeks postpartum, but often 
the obstetrician and the mother communicate before that visit. 
By inquiring about the growth and feeding of her infant, the 
obstetrician provides both reinforcement of the mother’s deci
sion to breastfeed and a screen for the pediatrician regarding the 
growth and feeding of the infant; both are important. The obste
trician can identify critical or developing problems for the pedia
trician regarding infant growth and feeding, so the obstetrician 
must know the indicators of adequate infant growth and clinical 
indicators that m ilk is being produced and transferred. When 
the obstetrician remains a verbal participant in the mother’s 
breastfeeding experience at the 4- to 6-week postpartum 
visit, the likelihood that the mother will continue to breast
feed at 16 weeks is almost doubled.

During the interpregnancy interval, the obstetrician/ 
gynecologist can identify the challenges, myths, and obstacles 
when a woman has not met her goals for breastfeeding in the 
last lactation period and can help correct them for any subse
quent lactation period. During this interval, the obstetric care 
provider improves breastfeeding success in the next lactation 
cycle through an appropriate delay in pregnancy (>18 months), 
identification of type 2 diabetes or impaired glucose tolerance 
by glucose screening in women with gestational diabetes, and 
control and loss of pregnancy weight gain. These foci will reduce 
adverse pregnancy outcomes and will subsequently improve
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breastfeeding success in the next lactation cycle. Good long-term 
reversible contraception to allow for a planned pregnancy is a 
key feature of this interval.

FOCUSED ISSUES IN THE SUCCESSFUL  
MANAGEMENT OF BREASTFEEDING
The successful management of breastfeeding requires the active 
cooperation of the mother, her support group, the obstetric care 
provider, and the infant care provider; in our current culture, a 
lactation consultant often becomes an active participant in the 
care of the breastfeeding dyad. Numerous reliable resources are 
available for additional information (Table 24-6).

Several issues are in the domain o f the obstetric care 
provider: anatomic abnormalities o f the breast, the impact 
of breast surgeries, labor and delivery management, breast

milk expression, breast and nipple pain, maternal nutrition 
and exercise during lactation, mastitis and breast abscess 
and masses, milk transfer and infant growth, galactogogues, 
maternal disease, back-to-work issues, contraception, and 
weaning.

ANATOMIC ABNORMALITIES OF THE BREAST
The relationship between breast anatomy and lactation should 
be addressed during the well-woman or family-planning visits 
in women who anticipate future pregnancy. During pregnancy, 
infant feeding becomes a major focus, and the woman needs this 
issue addressed because she often has hidden questions and 
concerns regarding her adequacy to breastfeed. The breast exam
ination at the first prenatal visit is an excellent opportunity to 
address infant feeding concerns and myths relative to breast

TABLE 24-6 RESOURCES FOR BREASTFEEDING MANAGEMENT
RESOURCE 

Print Sources
Schanler RJ, Krebs NF, Mass SB, eds. Breastfeed ing Handbook f o r  Physicians, 

AAP and ACOG; 2014.
ACOG Clinical Review. Breastfeeding: Maternal and Infant Aspects. Obstet 

Gynecol. 2007; 12(1 Suppl):lS-l6S.
ACOG Committee Opinion. Breastfeeding in underserved women: 

Increasing initiation and continuation of breastfeeding. Number 570, 
Obstet Gynecol. 2013; 122:421.

ACOG Committee Opinion.
Breastfeeding: Maternal and Infant Aspects, Number 361. Obstet Gynecol. 

2007; 109:479.
AAP: Policy Statement—Breastfeeding and the use of human milk.

Pediatrics. 2012;129:e827.
Lawrence RA, Lawrence RM, eds. Breastfeeding: A Guide f o r  th e M edica l 

Profession, 8th ed. St. Louis: Elsevier; 2015.
Infant and young child feeding: Model chapter for textbooks for medical 

students and allied health professionals 
AAP. The transfer of drugs and therapeutics into human breastmilk: An 

update on selected topics. Pediatrics. 2013; 132:1.
HaleTW, Rowe HE, eds. M edications a n d  M others Milk, 16th ed. Plano, 

TX: Hale Publishing;20l4.
Cadwell K, Turner-Maffei C, eds. Continuity o f  Care in Breastfeeding: Best 

Practice in  M atern ity Settings. Sudberry, MA: Jones and Bartlett; 2009. 
Organizations
Academy of Breastfeeding Medicine
Official journal: Breastfeed ing M ed icin e  (www.liebertpub.com/bfm)

International Lactation Consultant Association 
Official journal: Jou rn a l o f  Human Lactation 
Online Training
American Academy of Pediatrics, Breastfeeding Residency Curriculum

Well Start International

University of Virginia 
Other Internet Sources
Academy of Breastfeeding Medicine 
American Academy of Family Physicians

American College of Obstetricians and Gynecologists 
Business Case for Breastfeeding (Office on Women’s Health)
Centers for Disease Control and Prevention
Human Lactation Center, University of Rochester Medical Center
International Lactation Consultant Association
La Leche League International
LactMed-Drugs and Lactation Database
U.S. Breastfeeding Committee

CO M M ENT

Excellent shelf resource on how to support breastfeeding as a part of a team

Succinct review of management of the breastfeeding mother for the 
obstetrician

Focus on underserved women with an update on benefits of breastfeeding 

States the ACOG position on breastfeeding 

States the AAP position on breastfeeding

The standard textbook for physicians interested in breastfeeding

www. who. int/maternal_child_adolescent/en/
WHO publication
Clinical report on drugs and medications in human milk 

A manual of lactational pharmacology 

Manual of application of the WHO 10 Steps

A physicians-only international professional organization founded by
obstetricians, pediatricians, and family medicine physicians dedicated to 
physician education and clinical research on breastfeeding. Excellent clinical 
protocols online at bfmed.org. 

www.ilca.org 
Certifying examination

www.aap.org/breastfeeding/curriculum 
Multidisciplinary input, excellent 
www.wellstart.org
Oldest and most experienced organization in breastfeeding education 
www.breastfeedingtraining.org

www.bfmed.org
www.aafp.org
www.familydoctor.org
www.acog.org
www.womenshealth.gov/breastfeeding/government-in-action/business-case.html 
www.cdc.gov
www.urmc.rochester.edu/childrens-hospital/neonatology/lactation.aspx
www.ilca.org
www. lalecheleague. o rg
www.toxnet.nlm.nih.gov/newtoxnet/lactmed.htm
www.usbreastfeeding.org

AAP, American Association of Pediatrics; ACOG, American College of Obstetricians and Gynecologists; WHO, World Health Organization.
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anatomy. Self-doubt concerning the size or shape of the breasts 
should be addressed, and the patient should be reassured that 
fewer than 5% of lactation failures are caused by faulty anatomy.

Excluding inverted nipples, congenital abnormalities of 
the breasts are rare and occur in fewer than 1 in 1000 women. 
The most significant defect is glandular hypoplasia, in which 
abnormal or no development of one or both breasts is apparent 
during sexual maturation. Women with no development of 
the breasts often have normally shaped and sized nipples and 
areolas, and they may have sought consultation from a plastic 
surgeon. One manifestation of abnormal development is referred 
to as the tubular breast. The nipple and areola—which are often 
normal in size, shape, and appearance— are attached to a tube 
of fibrous cords. Whatever the shape or size o f the breasts in 
a nonpregnant woman, the final evaluation o f adequate glan
dular tissue must await the expected growth during preg
nancy. The size of the average breast will grow from 200 to 
600 g during pregnancy; most women will easily recognize this 
growth. A routine screening question at the 36-week prenatal 
visit should be, “Have your breasts grown during preg
nancy?” If the response is negative in a woman with unusu
ally small or abnormally shaped breasts, lactation failure 
is a possibility, and prenatal consultation with a lactation 
expert is recommended. Unilateral abnormalities are usually 
not a problem except for increased asymmetry because the 
normal breast can usually produce more than enough milk for 
the infant. The texture of the breast and tethering of the nipple 
are also assessed. An inelastic breast gives the impression that the 
skin is fixed to dense underlying tissue, whereas the elastic breast 
allows elevation of the skin and subcutaneous tissue from the 
parenchyma. Lack of elasticity may complicate nursing because 
of increased rigidity with engorgement. Massage of the periare- 
olar tissue four times a day for 10 minutes is recommended. 
Engorgement should be assiduously avoided in the postpartum 
period by early, frequent nursing.

Congenital tethering of the nipple to underlying fascia is 
diagnosed by squeezing the outer edge of the areola (Fig. 24-12); 
normally, the nipple will protrude. Severe tethering is mani
fested by an inverted nipple. The most severe forms of tether
ing occur in fewer than 1% of women. Although successful 
breastfeeding is possible in these severe cases, prenatal consulta
tion and close follow-up are very important to identify and treat 
poor m ilk transfers. Flat or inverted nipples are much less likely 
to preclude successful breastfeeding. Three prenatal methods of 
treating tethered nipples have been described: (1) nipple pulling,
(2) Hoffman exercises, and (3) nipple cups, or shells. A con
trolled trial1’- failed to demonstrate efficacy o f either shells or 
Hoffman exercises and recommended that these should be 
abandoned.

In the early neonatal period, a breast pump may help 
women with flat or inverted nipples; the breast is gently 
pumped at low settings until the teat is drawn out, and the 
infant is immediately offered that breast. The same procedure 
is performed on the other side; usually this is only required 
for a few days. Unfortunately, no controlled trials support their 
efficacy.

Modern clothing, especially protective brassieres, prevents 
friction that toughens the skin and also helps protect the nipple 
from cracking during early lactation. However, washing with 
harsh soaps; buffing the nipple with a towel; and using 
alcohol, benzoin, or other drying agents is not helpful and 
may increase the incidence o f cracking. Normally, the breast

is washed with clean water and should be left to air dry. A
cautiously used sunlamp or hair dryer may facilitate drying. 
Trials involving application of breast cream or expression of 
colostrum have not shown a reduction in nipple trauma or 
sensitivity when compared with untreated nipples.63

P revio us Breast S u rg erie s
Previous breast surgery may have significant adverse effects 
on breastfeeding success. The major issues are loss o f sensa
tion in the nipple or areola by nerve injury or compromise 
o f the lactiferous ducts. Women who have had breast biopsy 
or breast or chest surgery, including augmentation, have a 
threefold higher incidence o f unsuccessful breastfeeding.641’1 
Circumareolar skin incisions—which are used for cosmetic con
siderations in breast biopsies, reductions, and augmentations— 
may compromise both the nerve and ducts.

Breast augmentation has significant potential to disrupt 
breastfeeding.64,65 In a carefully conducted prospective series, 
64%  o f women (27 of 42) who exclusively breastfed after 
preconceptional breast augmentation had insufficient lacta
tion, and the infant growth rate was less than 20 g/day; a 
circumareolar incision was the dominant predictor o f insuf
ficient lactation. One half o f women with a submammary 
or axillary incision had insufficient lactation, whereas 11
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women who had a circumareolar incision for breast augmen
tation all had lactation failure. Compromise of the lactiferous 
ducts and loss of nipple sensation contribute to lactational insuf
ficiency. Loss of nipple sensation occurs in one third to half 
of patients after a circumareolar incision. If a woman has had a 
silicone implant, she can be reassured that no evidence suggests 
that breastfeeding places her infant at any risk. The concentra
tion of silicone in artificial breast m ilk (formula) is 5 to 10 times 
higher than that of breast m ilk from women who have silicone 
implants. Large epidemiologic studies o f infants who have 
nursed from breasts with silicone implants have not shown 
excess adverse events.66

Reduction mammoplasty is always associated with lactation 
insufficiency if  exclusive breastfeeding is relied upon for infant 
nutrition. If the reduction involves the removal of greater than 
500 g per breast or the procedure uses the free nipple graft 
technique, the production of even a nominal amount of breast 
milk is rare. If the nipple and areola are relocated on a pedicle 
of vascular tissue and ducts, partial breastfeeding is remotely 
possible. In any case o f reconstructive surgery o f the breast, 
the breastfeeding dyad is considered at high risk for lactation 
failure. This observation was confirmed by a controlled study.67 
The control and reduction mammoplasty groups reported rates 
of any breastfeeding at 1 month of 94% and 58%, respectively. 
Similarly, the rate of exclusive breastfeeding at 1 month was 70% 
and 21% in the respective groups. Prenatal referral to an expert 
on lactation is appropriate for women who have had reconstruc
tive surgery.

LABOR AND DELIVERY MANAGEMENT
Approximately 15% of women who state they wish to breastfeed 
at the onset of term labor are discharged either completely 
feeding their infant artificial breast m ilk (formula) or giving 
formula at the majority of the infant’s feedings. A combination 
of obstetric management, hospital policies, and pediatric man
agement contribute to this attrition. Obstetric interventions are 
often critical for the health of the mother or infant, and they 
may affect the success of lactation.55'56 Few if  any interventions 
directly inhibit the physiology of lactation. Most obstetric inter
ventions reduce the success of lactation by indirect interference 
with physiology. Induction of labor is not associated with lacta
tion failure, but a long, tiring induction and labor will reduce 
the likelihood that the mother will get appropriate amounts of 
infant contact in the delivery room and in the first 24 hours 
after birth. Cesarean delivery reduces the incidence of breast
feeding by 10% to 20% in the first week after birth. After most 
cesarean deliveries and difficult vaginal deliveries, the infant 
is not put to the breast immediately after birth, nor will the 
mother breastfeed her infant more than eight times in the 
first 24 hours. Well-meaning nurses become concerned for 
the baby’s nutrition and give the infant formula until the mother 
“recovers.” In 2011, in the United States, one in five breastfeed
ing neonates was given a bottle of formula in the first 24 hours. 
That 15% of women desiring to breastfeed are discharged exclu
sively formula feeding reflects, in part, the mismanagement and/ 
or lack of support for the breastfeeding dyad during their peri
partum hospitalization.

Labor analgesia (i.e., meperidine and promethazine) has long 
been associated with poor breastfeeding success. Intrapartum 
narcotics appear to adversely affect the infant’s ability to nurse 
effectively. Epidural anesthesia with local anesthetic agents

seems to be better for breastfeeding than parenteral narcot
ics. Epidural anesthesia with local anesthetics does not appear 
to have a major effect. On the other hand, an epidural with 
intrathecal narcotics has been shown to decrease correct sucking 
behavior and to reduce lactation success. The presence o f a 
doula, or a labor companion other than family, appears to be 
an effective method to reduce the need for epidural anesthesia 
and operative deliveries. An added benefit is earlier initiation 
and longer duration of breastfeeding.68

Postsurgical pain control is best achieved with morphine 
rather than meperidine, which adversely affects neonatal behav
ior. Obstetric and pediatric protocols can be very effective in 
separating mother and baby. Several prominent examples include 
magnesium sulfate therapy for preeclampsia, intravenous anti
biotics for a positive maternal group B Streptococcus culture, 
maternal fever workup, and diabetes mellitus/hypoglycemia pro
tocols. All of these medical interventions produce major barriers 
to nursing in the delivery room and to an adequate frequency 
of nursing in the first 24 to 48 hours.

The peripartum period is critical for achieving successful 
lactation. During this time, the obstetrician must attend 
to the five basic principles o f lactation physiology: (1) early 
imprinting, (2) frequent nursing, (3) good latch-on, (4) a 
confident and comfortable mother, and (5) no supplementa
tion unless medically indicated. Nursing should be initiated 
within 30 minutes after birth, preferably in the delivery room. 
Contraindications include a heavily medicated mother, an infant 
with a 5-minute Apgar score less than 7, or a premature infant 
at less than 34 to 36 weeks’ gestation.

[lie instructor, perhaps the obstetric care provider, should 
pay special attention to the mother’s position during the first 
feeding; she should be relaxed and comfortable. W ith skin-to- 
skin contact, the infant is presented to the breast with its ventral 
surface to the mother’s ventral surface with the neonate’s ear, 
shoulder, and hip in a line. A dry neonate, skin-to-skin contact, 
and supplemental radiant heating will prevent neonatal cold 
stress. Routine eye prophylaxis should be delayed because it 
can disrupt the important family bonding process.

In the recovery room and on the postpartum floor, the best 
place for the neonate is with the mother. This maximizes 
mother-infant bonding and allows on-demand feeding every
1 to 2 hours. Rooming in allows the mother to participate in 
the care of her baby and gives her an opportunity to ask ques
tions. The mother should be encouraged to sleep when the 
neonate sleeps. Because the usual adult diurnal pattern in the 
hospital may not foster a restful environment for the mother, 
she should be discharged as early as safely possible so she can 
rest at home.

The frequency of early feeding is proportional to m ilk produc
tion and weight gain in neonates69; therefore supplementation 
with glucose or formula should be discouraged. Supplementa
tion decreases m ilk production through both a reduction in 
nursing frequency by satiation of the neonate and slower diges
tion of formula. Supplementation also undermines the mother’s 
confidence about the adequacy of her lactation. Nipple and 
breast pain may cause the mother not to reach her breastfeeding 
goals. Improper positioning and poor latch-on are the major 
causes of nipple trauma, breast pain, and incomplete emptying. 
In the early postpartum period, nursing technique should be 
evaluated in three areas: (1) presentation and latching on,
(2) maternal-infant positioning, and (3) breaking o f the 
suction. The infant should not have to turn its head to nurse.
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A ventral surface—ventral surface presentation is necessary (see 
Fig. 24-4). When latching on to the nipple, the neonate should 
take as much of the areola as possible into its mouth. This is 
facilitated by gently stimulating the baby’s cheek to elicit a yawn
like opening of its mouth and rapid placement of the breast into 
it. A supporting hand on the breast helps; the C-hold involves 
four fingers cupping and supporting the weight of the breast, 
which is especially important in the weak or premature neonate, 
whose lower jaw may be depressed by the weight of the breast. 
The thumb rests above and 1 to 2 cm away from the areolar edge 
and points the nipple downward (see Fig. 24-5). Retraction by 
the thumb will pull the areola away from the mouth and will 
cause an incorrect placement. Any position that is comfortable 
and convenient, while allowing the appropriate mouth-areola 
attachment, should be encouraged; the sitting position is the 
most common in patients who have had a cesarean delivery 
because pressure on the abdomen is uncomfortable. Therefore a 
side-lying or football hold may be better. A rotation o f posi
tions is recommended to reduce focal pressure on the nipple 
and to ensure complete emptying. Removal of the nursing 
infant can be a problem because the neonate can injure the 
nipple if  suction is not broken prior to disengagement. A finger 
inserted between the baby’s lips and the breast will break the 
suction.

The single most difficult management issue is the control 
of routines and hospital attitudes detrimental to lactation, 
and the genesis in step 1 o f the WHO/UNICEF Ten Steps is 
a standard written hospital policy that supports breastfeed
ing. Policies that work against the physiology of lactation include 
formula distribution and supplementation without a medical 
indication, constant questioning of the mother about breastfeed- 
ing, preprinted orders for lactation suppression medication, a 
requirement for pediatric clearance prior to the first feeding, 
lim ited maternal access to the infant, and little educational 
material for new mothers or staff.

When providers are not well informed or are apathetic about 
lactation, successful lactation is unlikely. This theme underscores 
the role of the obstetrician as an opinion leader in the education 
of patients, nursing staff, and support personnel about the physi
ology and benefits of lactation (step 2 of the WHO/UNICEF 
Ten Steps is to train all health care providers).

Breast M ilk Expression
W hen an unexpected separation of the mother and baby for 
longer than 4 to 6 hours occurs, breast m ilk expression may 
be critical to prevent stage IV of lactogenesis from occurring 
prematurely— that is, to avoid reduced production of milk. 
Despite the ready availability of mechanical breast pumps, in 
an emergency, the lactating mother may be unable to obtain 
one within 12 to 24 hours. Her knowledge on how to manually 
express m ilk w ill reduce her anxiety and the pain of acute breast 
engorgement.

Manual expression of breast m ilk is a relatively easy technique 
for the obstetric care team to teach the new mother. The moth
er’s hands are washed with mild soap and warm water prior to 
manual or mechanical expression. The flow of m ilk can be 
improved by placing the mother in a quiet, relaxed, and com
fortable environment. The breast is massaged in a spiral fashion, 
starting at the top and moving toward the areola; the fingers are 
moved in a circular fashion from one spot to another, much like 
a breast examination. After the massage and while the woman 
leans forward, the breast is stroked from the top of the breast to

the nipple with a light stroke and is shaken. Once m ilk starts to 
flow, manual expression is begun.

Manual expression is performed by holding the thumb and 
first two fingers on either side of the areola in a half circle, but 
the breast should not be cupped. The hand pushes the breast 
straight into the chest wall, as the thumb and fingers are rolled 
forward. Large, pendulous breasts may need lifting prior to this. 
The maneuver is repeated in all four quadrants of the areola to 
drain as many reservoirs as possible. The procedure is repeated 
rhythmically and gently; squeezing, sliding, or pulling may 
injure the breast. The sequence of massage, stroke, shake, and 
express is useful to provide m ilk immediately for the vigorous 
infant; it allows an improved latch-on by reducing periareolar 
engorgement, and it reduces high suction pressures on a trau
matized nipple. Manual expression may take 20 to 30 minutes 
to drain both breasts. The expressed m ilk is drained into a clean, 
dry cup and is fed to the neonate if  possible. A video that 
demonstrates this technique can be found online at http:// 
newborns.stanford.edu/Breastfeeding/HandExpression.html.

The mechanical, preferably electric breast pump is a criti
cally important adaptation when breastfeeding is expected to 
be difficult or impossible. Breast pumps have allowed women 
and their children to get through the difficult times, and it lets 
a woman successfully feed her infant breast m ilk for a prolonged 
period. These women will accrue much of the benefit of 
breastfeeding— a much better choice than formula feeding. In 
most peripartum cases, such as with a preterm delivery or a 
severely ill mother, the hospital-grade electric breast pump will 
used by the hospital staff. After the delivery of the placenta, stage 
II of lactogenesis evolves with the loss of progesterone inhibi
tion. Early drainage of the breast is critical to a healthy evolution 
to full m ilk production, whether the drainage occurs with an 
infant sucking or from using an electric breast pump.

The delay in early drainage is often prolonged when a neonate 
with very low birthweight is admitted to the NICU. One recent 
study70 randomly assigned mothers with neonates of very low 
birthweight to initiate breast pumping within 1 hour or breast 
pumping between 1 and 6 hours after birth. The treatment effect 
was significant despite a very small sample size of 10 women in 
each arm. W hen breast pumping was started within 1 hour, 
women produced almost twice as much m ilk at 7 days and twice 
as much daily m ilk at 3 weeks and 6 weeks. It was found that 
they experienced earlier maturation of lactogenesis stage II 
(when “the m ilk comes in”) than those who initiated pumping 
within 1 to 6 hours after birth. Clearly, the obstetrician plays a 
major role in getting the mother to the breast pump within 1 
hour in these high-risk situations.

Proper fitting and hygiene is an important safety issue 
when expressing and storing breast m ilk (Boxes 24-2 and 24-3). 
Breast m ilk expression with portable or stationary hospital-grade 
mechanical breast pumps is increasingly used for the conve
nience of bottle feeding human milk, particularly for working 
mothers rather than in emergency situations. A series of recent 
publications have focused on the results of an FDA and CDC 
study from M ay 2005 to June 2007, the Infant Feeding Practices 
Study II (IFPS II). A broad, national sample included mothers 
identified in their third trimester who were at least 18 years old 
and who gave birth to healthy infants born at 35 weeks’ or more 
gestation that weighed more than 2.25 kg. The mothers com
pleted 10 surveys at monthly intervals until 12 months. A key 
focus was the method of feeding in the previous week71: breast
fed only, breastfed and human m ilk by bottle, breastfed and
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BOX 24-2 KEY POINTS IN USING AN ELECTRIC 
BREAST PUMP

1. Have th e  m o th e r  and  th e  p rin c ip a l s u p p o r t in d iv id u a l 
learn  fro m  an e x p e rt h o w  to  a sse m b le  and d isa sse m b le  
th e  p u m p  a p p ara tu s .

2. As in m a n u a l e x p re s s io n , a s o o th in g , q u ie t, and 
c o m fo r ta b le  e n v iro n m e n t is o p tim a l fo r  m ilk  le t-d o w n .

3. The  m o th e r  s h o u ld  w a sh  he r h ands b e fo re  each use o f 
th e  b re a s t p u m p .

4. A  d o u b le -p u m p in g  sys te m  im p ro v e s  p ro la c tin  response  
and  inc re a se s  m ilk  p ro d u c tio n .

5. The  fla n g e  s h o u ld  be w id e  e n o u g h  to  a llo w  th e  n ip p le  
to  m o v e  in and  o u t w ith o u t  pa in  y e t n o t so  la rg e  as to  
c o m p ro m is e  a p re ssu re  seal. A  p o o r ly  f it te d  f la n g e  can 
be a m a jo r  so u rce  o f  n ip p le  tra u m a  and d is c o m fo rt.

6. Each m o th e r  s h o u ld  use o n ly  h e r o w n  c o lle c tio n  k it and 
la b e le d  s to ra g e  co n ta in e rs .

7. A fte r  each use, th e  p u m p  c o lle c tio n  k it s h o u ld  be rinse d  
to  re m o v e  m ilk  res id u e ; c le a n sed  w ith  h o t, s o a p y  w a te r; 
and a ir-d r ie d . D is h w a s h e r c le a n in g  is ad e qu a te ; 
h o w e v e r, a lw a y s  fo l lo w  m a n u fa c tu re r 's  in s tru c tio n s  
re g a rd in g  c le a n in g .

8. In g e n e ra l, p u m p in g  s h o u ld  last a b o u t 10 m in u te s  pe r 
s ide  and  s h o u ld  o c c u r at least e ve ry  3 h ou rs .

BOX 24-3 KEY POINTS IN BREAST MILK STORAGE

1. M ilk  s to ra g e  c o n ta in e rs  s h o u ld  be w a s h e d  w ith  w a rm , 
s o a p y  w a te r  b e fo re  and  a fte r each use.

2. H ard p la s tic  c o n ta in e rs  o f  p o ly c a rb o n a te  o r 
p o ly p ro p y le n e  are re c o m m e n d e d  fo r  lo n g -te rm  s to ra g e  
o f e xp re sse d  h u m a n  m ilk . Label m ilk  c o n ta in e rs  w ith  
th e  da te  and  t im e  th e  m ilk  w a s  e xp re sse d , and use the  
o ld e s t m ilk  f irs t.

3. M a x im u m  d u ra tio n  o f h u m a n  m ilk  s to ra g e  by 
te m p e ra tu re : R oom  te m p e ra tu re  (<25° C), 4 h o u rs ; 
re fr ig e ra to r  (<4° C), 96 h o u rs ; p re v io u s ly  th a w e d  
re fr ig e ra te d  m ilk , 24 h o u rs ; re fr ig e ra to r  free ze r/de e p  
fre e ze r (-2 0 °  C), 6 m o n th s .

4. Frozen m ilk  s h o u ld  be th a w e d  in a w a te rle s s  w a rm e r  o r 
in a c o n ta in e r  o f  te p id , n o t ho t, w a te r. Do n o t th a w  
fro ze n  m ilk  in th e  m ic ro w a v e . The  th a w e d  m ilk  s h o u ld  
be s to re d  in th e  re fr ig e ra to r  and s h o u ld  be used w ith in  
24 h o u rs .

nonhuman m ilk by bottle, human milk and nonhuman m ilk by 
bottle, human m ilk by bottle, or nonhuman m ilk by bottle. 
Analyses were conducted on three groups of infants at 1.5 to 4.5 
months (n = 1564); 4.6 to 6.5 months (n = 1128); and 6.6 to 
9.5 months (n — 914). In the youngest group, 85% of mothers 
had successfully expressed m ilk since their child was born, 
more than half in the first week after birth, and 25% expressed 
breast m ilk on a regular basis. The adjusted odds ratios for 
working mothers to express breast m ilk in a regular fashion in 
each infant age group ranged from 3.99 to 5.94, and all were 
highly significant.

In observational surveys, many of these women will report 
themselves as exclusively breastfeeding when they are actually 
partially breastfeeding and partially feeding breast m ilk obtained 
through a breast pump, often frozen and fed by bottle at a later 
time. Pumping and bottle-feeding the breast m ilk later upsets 
the delicate supply-and-demand relationship in the dyad and 
reduces skin-to-skin contact. Freezing may affect the nutritional

and antiinfective qualities of stored breast milk, and the use of 
bottles can increase acute otitis media and may negate the posi
tive benefits seen in breastfeeding dyads; bottle-feeding is a 
strong predictor of acute otitis media. Research is limited on 
the quality o f stored breast milk, health outcomes relative 
to breastfeeding versus bottle-feeding breast milk, and the 
behavioral impacts o f bottle-feeding. 2 Data from the IFPS II 
demonstrate that feeding breast m ilk from a bottle is associated 
with faster weight gain during the first year of life than feeding 
infants by breast only. Data showed that infants who received 
breast m ilk only by bottle gained about 89 g/month more 
than infants who were exclusively breastfed. Infants fed human 
m ilk from a bottle in more than 66% of their feedings were 
more likely to finish their bottle and consumed about 10% more 
m ilk every day than infants who received a bottle of breast milk 
in more than 33% of feedings.73 This suggests that bottle-fed 
infants have weaker self-regulation of food intake than breast
fed infants. Clearly, this area is a great opportunity for further 
research.

MATERNAL NUTRITION AND EXERCISE 
DURING LACTATION
The efficiency of conversion of maternal foodstuff to m ilk is 
about 80% to 90%. If the average milk volume per day 
is 900 mL, and milk has an average energy content of 
75 kcal/dL, the mother must consume an extra 794 kcal/day 
unless stored energy is used. During pregnancy, most women 
store an extra 2 to 5 kg (19,000 to 48,000 kcal) in tissue, 
mainly as fat, in physiologic preparation for lactation. These 
calories and nutrients supplement the maternal diet during lac
tation. As a result, the required dietary increases are easily attain
able in healthy mothers and infants.

In lactation, most vitamins and minerals should be increased 
20% to 30% over nonpregnant requirements. However, folic 
acid should be doubled; and calcium, phosphorus, and magne
sium should be increased by 40% to 50%, especially in the 
teenager who is lactating. In practical terms, these needs can be 
supplied by the following additions to the diet: 2 cups of milk,
2 oz of meat or peanut butter, a slice of enriched or whole wheat 
bread, a citrus fruit, a salad, and an extra helping (x/2 to % cup) 
of a dark green or yellow vegetable. The appropriate intake 
o f vitamins can be ensured by continuing prenatal vitamins 
with 1 mg o f folic acid throughout lactation. The mother 
should drink at least 1 L of extra fluid every day to make up for 
the fluid lost through breastfeeding.

Calcium and vitamin D are o f special importance in 
women whose infants are breastfeeding exclusively. The 
daily diet and a lack o f sunlight exposure creates baseline 
deficiencies in many American women. Almost all of the 
calcium in a pregnant woman and her fetus is located in the 
bones and teeth. Lactation, like pregnancy, is associated with 
increased bone turnover to meet these needs. The calcium 
secreted in breast m ilk appears to be from a net removal of 
calcium from trabecular bone and by a reduction in the amount 
of calcium excreted in the urine. Consuming additional calcium 
does not appear to prevent bone loss, and after weaning or 
resumption of menstruation, calcium absorption returns to 
normal. This may not be true for women who have marginal or 
low dietary calcium intake, therefore ensuring a woman obtains 
adequate calcium before, during, and after lactation is important 
for her health.
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There is widespread consensus about the role of vitamin D in 
bone health, and great interest has been paid to its role in other 
conditions. Current research links newborn and infant vitamin 
D deficiency with various clinical outcomes that include rickets, 
failure to thrive, type 1 diabetes, allergic disease, lower respira
tory tract infections, wheezing and asthma, and other immune- 
related diseases. Breast-fed infants are at risk of developing 
a deficiency if the mother’s m ilk contains inadequate levels of 
25-hydroxyvitamin D for infant nutrition. It has been demon
strated that when sunlight exposure is limited or restricted, 
intensified vitamin D supplementation of lactating mothers and 
infants is needed to improve vitamin D status. In 2008, the 
American Academy of Pediatrics (AAP) recommended 400 IU 
of vitamin D supplementation for all infants; however, the 
level of adherence with this recommendation has been low, and 
women report reluctance to adding supplements to their breast 
milk. Except for those that have been fortified, relatively few 
foods are good sources o f vitamin D, therefore leading 
breastfeeding advocates recommend that women be supple
mented for prevention o f vitamin D deficiency in themselves 
and in their breastfeeding infants. Although the daily recom
mended intake (DRI) for vitamin D remains unchanged at 
15 (Ig/day (600 IU) in lactation, two recent randomized con
trolled trials (RCTs) have questioned this level because a growing 
body of evidence points to the potential role of vitamin D in 
immune function, which affects maternal and child health. To 
achieve circulating serum levels greater than 20 ng/mL, a level 
considered sufficient by the Institute of Medicine, at least 
2000 IU/day was required, and 4000 IU/day improved physi
ologic optimization of active vitamin D without adverse effects. 
Further research is required to establish the need, safety, and 
efficacy of supplementation, especially at these dosages or higher 
during lactation. Women with limited sun exposure and those 
with darker skin are at an increased risk for maternal and infant 
vitamin D deficiency.

Vegetarianism has become increasingly more common, and 
if  the nursing mother is a vegetarian, dietary deficiencies 
may include B vitamins (especially B12), total protein, and the 
full complement of essential amino acids. In these patients, the 
clinician should take a good dietary history with a focus on 
protein, iron, calcium, vitamin D, and the B vitamins. Nutrition 
should include supplementation with soy flour, molasses, or nuts 
with use of complementary vegetable protein combinations and 
avoidance of excess phytate and bran.

M any women are concerned about losing weight postpartum. 
Investigators6-8 have examined the effects o f diet and exercise 
on maternal weight, breast m ilk volume and composition, and 
infant growth through random assignment of affluent, highly 
motivated, and exclusively breastfeeding women to intervention 
and control groups. The exercise group had training to reach a 
level of 45 minutes at 60% to 70% of heart rate reserve four to 
six times a week for 12 weeks. The target diet was individually 
adjusted to reduce calories and maintain protein intake. In these 
controlled populations, the women lost 1.0 to 1.5 kg/week, 
and no significant changes were seen in the volume or com
position o f their breast milk. The infant grew approximately 
2000 g in both the intervention and control groups. On a prac
tical level, i f 700 to 1200 kcal are used daily to nourish an infant, 
a mother could lose weight by not increasing her caloric intake, 
but a thoughtful selection of food groups and the elimination 
of “empty calories” are necessary. A reduction of total calories 
(<25 kcal/kg) and total protein (<0.6 g/kg) may reduce the daily

m ilk volume by 20% to 30%, but it does not affect the milk 
quality unless the mother is more than 10% below her ideal 
body weight. Because dieting mobilizes fat stores that may 
contain environmental toxins, women with high exposure 
to such toxins should not lose weight during lactation (see 
Chapters 5 and 8).

BREAST AND NIPPLE PAIN
Breast and nipple pain is one of the most frequent complaints 
of lactating mothers and a leading cause for women not to meet 
their intended durations of breastfeeding. Among the enrollees 
in the IFPS II study, 60% of 1177 women failed to achieve their 
desired duration of breastfeeding. Breast pain, nipple injury, 
and/or breast infection were the cited reasons in the majority 
of women who stopped breastfeeding early. The frequency of 
breast and nipple pain is related to failure in the initial manage
ment of lactation related to a late first feeding, decreased fre
quency of feedings, poor nipple grasp, and/or poor positioning. 
The differential diagnosis of breast pain includes problems with 
latching on, engorgement, nipple trauma, mastitis, and occa
sionally the let-down reflex.

Symptoms and the infant’s personality help make the differ
ential diagnosis. In some cases, the nipple and breast pain starts 
with latching on and diminishes with let-down. Women describe 
the let-down reflex as painful; this occurs after the first minute 
of sucking and usually lasts only a minute or two as the ductal 
swelling is relieved by nursing. Classically, this pain pattern is 
associated with an anxious, vigorous infant who sucks strongly 
against empty ducts until the let-down occurs. Contact pain 
suggests nipple trauma, and pain can persist as long as the nipple 
is manipulated. The nipple-confused infant who chews on the 
nipple and abrades the tip with its tongue is associated with this 
pattern.

Engorgement causes a dull, generalized discomfort in the 
whole breast that gets worse just before a feeding and is then 
relieved by it. Localized, unilateral, and continuous pain in 
the breast may be caused by mastitis. A physical examination 
and observation of nursing technique can confirm the impres
sion left by a good history. Through observation of a nursing 
episode, an infant’s personality and nursing technique can be 
assessed. The whole of the nipple and much of the areola should 
be in the infant’s mouth. An examination of the nipple may 
reveal a fissure or blood blister; bilateral breast firmness and 
tenderness may indicate engorgement that may be peripheral, 
periareolar, or both. Mastitis is characterized by fever, malaise, 
localized erythema, heat, tenderness, and induration (see below).

Infection may be a cofactor associated with the pain of nipple 
injury. W hen the microbiology of the nipple and milk of 61 
lactating women with nipple pain was compared with that of 
64 lactating women without nipple pain and 31 nonlactating 
women, Candida a lb ica n s  (19%) and S taphylo co ccu s aureus 
(30%) were more common in women with pain and nipple 
fissures than in controls (3% to 5% ).74 Unfortunately, current 
data suggest that antibiotics are ineffective in the treatment of 
nipple pain and trauma.63

The management of breast pain consists of general and spe
cific steps, and prevention is a key component. Appropriate 
nursing technique and positioning will prevent, or significantly 
decrease, the incidence of nipple trauma, engorgement, and 
mastitis. Rotation of the nursing position will reduce the suction 
pressure on the same part of the nipple and will ensure complete
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emptying of all lobes of the breast, and frequent nursing will 
reduce engorgement and milk stasis. The use o f soaps, alcohol, 
and other drying agents on the nipples tends to increase 
nipple trauma and pain. The nipples should be air dried for 
a few minutes after each feeding; clean water is sufficient to 
cleanse the breast, i f  necessary. Some experts recommend that 
fresh breast m ilk be applied to the nipples and allowed to dry 
after each feeding.

Stimulating a let-down response for manual expression of 
milk is useful in the management of many breast problems. The 
let-down produced by manual expression is never as complete 
as a normally elicited one; however, an effective let-down can be 
elicited by initiating nursing on the side without nipple trauma 
or mastitis. This will effectively reduce breast pain.

In the first 5 days after birth, about 35% of the nipples 
of breastfeeding mothers show damage, and 69% of mothers 
have nipple pain. 5 The management of painful, tender, or 
injured nipples includes prefeeding manual expression, correc
tion of latching on, rotation of positions, and initiation of 
nursing on the less painful side first, with the affected side 
exposed to air. Drying is facilitated by the cautious application 
of dry heat, such as with a hair dryer on a low setting, for 20 
minutes four times per day. Aspirin or codeine (15 to 30 mg) 
given half an hour before nursing may be helpful in severe cases. 
Engorgement can be avoided, but if  it occurs, feeding frequency 
should be maintained or increased by pumping. A wide variety 
of preparations have been applied to traumatized nipples, 
including lanolin, A&D ointment, white petrolatum, antibi
otics, vitamin E oil, and used tea bags, but few o f these have 
been evaluated scientifically, and systematic review fails to 
show any benefit/’1 Soap and alcohol have been shown to 
injure nipples. Nipple shields should be used only as a last 
resort because they are associated with a 20% to 60% reduction 
in m ilk consumption. Thin latex shields may be better than the 
traditional red rubber ones, although m ilk flow is still reduced 
by 22% .75

Engorgement of the breast occurs when drainage of milk 
is inadequate./b Swollen, firm, and tender breasts are caused 
by distension of the ducts and increased extravascular fluid. 
Aside from the discomfort, engorgement leads to dysfunctional 
nursing behavior and nipple trauma (see Fig. 24-10). The firm 
breast tissue pushes the infant’s face away from the nipple, the 
widened base of the nipple disrupts the attachment, and the 
infant’s thrusting tongue abrades the tip. This leads to further 
engorgement, decreased m ilk production, and in some cases, 
early termination of breastfeeding.

The best treatment is prevention, but when this has not 
occurred, management is centered on symptomatic support and 
relief of distension. Proper elevation of the breasts is important. 
The mother should wear a firm-fitting nursing brassiere with 
neither thin straps nor a plastic lining. A warm shower or bath 
with manual expression before feeding is effective. Frequent 
suckling every 1 to 2 hours is the most effective mechanism to 
relieve engorgement, and postfeeding electric pumping of both 
breasts may be helpful. In selected cases, intranasal oxytocin may 
be given just prior to each feeding if  let-down seems to be 
inhibited.

MASTITIS AND BREAST ABSCESS
Mastitis is a common condition in lactating women. Esti
mates o f incidence from prospective studies range from

3% to 20% , depending on the method o f ascertainment, 
case definition, and duration o f follow-up. A practical case 
definition o f mastitis is an infectious process o f the breast 
characterized by high fever (>38.5° C), localized erythema, 
tenderness, induration, and palpable heat over the area. 
Signs and symptoms o f a systemic cytokine release, shaking 
chills (rigor), malaise, flulike symptoms, a white cell count 
below 4000 or above 12,000 cells/mL, and nausea and vom
iting differentiate mastitis from other inflammatory pro
cesses o f the lactating breast (i.e., plugged ducts or severe 
engorgement). Antibiotic therapy should not be delayed in 
patients who meet the above case definition; septic shock, toxic 
shock syndrome, and abscess formation are possible serious out
comes with delayed antibiotic therapy. Patients with a tempera
ture above 38.5° C and no systemic signs or symptoms can be 
managed with aggressive breast drainage, especially with the 
involved lobules and with correction of latch-on. Mastitis occurs 
most frequently in the first 2 to 4 weeks postpartum. Risk factors 
include maternal fatigue, poor nursing technique, nipple trauma, 
rapid reduction in nursing frequency, constrictive clothing, and 
epidemic Staphylococcus aureus. The most common organisms 
associated with mastitis are S. aureus, which includes methicillin- 
resistant S. aureus (MRSA); S. epidermidis; streptococci; and 
occasionally gram-negative rods.

Until recently, the management of mastitis has been directed 
by retrospective clinical reviews of experience. In most cases, this 
consisted of bed rest, continued lactation, and antibiotics 
and came with an 80% to 90% cure rate, a 10% abscess rate, a 
10% recurrence rate, and a 50% cessation of breastfeeding. 
Starting in the 1980s, several important articles were published 
concerning the pathophysiology, diagnosis, and treatment of 
mastitis. The diagnosis and prognosis o f inflammatory symp
toms o f the breast could be established by counts o f leuko
cytes and bacteria in breast milk. This is obtained after careful 
washing of the mother’s hands and breasts with warm, soapy 
water. The milk is manually expressed, and the first 3 mL are 
discarded. A microscopic analysis is performed on an unspun 
specimen. When the leukocyte count was greater than 106 
leukocytes/mL, and the bacterial count was less than 103 
bacteria/mL, the diagnosis was noninfectious inflammation 
o f the breast. W ith no treatment, the inflammatory symptoms 
lasted 7 days; 50% developed mastitis, and only 21% returned 
to normal lactation. When the breast was emptied frequently 
by continued lactation, the symptoms lasted 3 days, and 96% 
returned to normal lactation.

If the breast milk showed greater than 106 leukocytes/mL 
and greater than 103 bacteria/mL, the diagnosis was mastitis. 
Delay in therapy resulted in abscess formation in 11%, and only 
15% returned to normal lactation. Frequent emptying of the 
infected breast by continued nursing eliminated abscess forma
tion, but only 51% returned to normal lactation. Additional 
antibiotic therapy increased the return to normal lactation in 
97% with resolution of symptoms in 2.1 days.

In summary, the management o f mastitis includes (1) 
breast support, (2) an appropriate intake o f fluids, (3) assess
ment o f nursing technique, (4) nursing initiated on the unin
fected side first to establish let-down, (5) the infected side 
emptied by nursing with each feeding (occasionally, a breast 
pump helps to ensure complete drainage), and (6) didoxacil- 
lin 250 mg every 6 hours for 14 days. Erythromycin may be 
used in patients allergic to penicillin. It is important to con
tinue antibiotics for a full 14 days because abscess formation
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is more likely with shorter courses o f treatment. In the hos
pital and at home, maternal hand washing before each feeding 
reduces infection rates. In the hospital, hand washing and the 
use of antiseptic gels by health care workers reduces nosoco
mial infection rates and, more importantly, reduces MRSA- 
associated mastitis. In the era before universal hand washing by 
hospital personnel, rooming in did not reduce the acquisition 
of hospital strains of S. aureus, nor did it reduce infection rates. 
In the more infection-conscious environment of today, isolation 
(rooming in) and early discharge may add to the benefits of hand 
washing by reducing the rates of MRSA-associated mastitis and 
abscess.78

Breast abscess will occur in about 10% of women who are 
treated for bacterial mastitis. The signs include a high fever (>39°
C) and a localized area of erythema, tenderness, and induration. 
A fluctuant area may be present in the center, but it is difficult 
to palpate. The patient feels sick, like she “has the flu.” Abscesses 
usually occur in the upper outer quadrants, and S. aureus is 
usually cultured from the abscess cavity.

The management o f a breast abscess is similar to that for 
mastitis except that drainage o f the abscess is indicated, and 
breastfeeding should be limited to the uninvolved side during 
the initial therapy. The infected breast should be mechanically 
pumped every 2 hours and with every let-down. Serial percuta
neous needle aspirations under ultrasound guidance are the stan
dard and best method to drain the abscess, although occasionally, 
surgical drainage is required. The skin incision should be made 
over the fluctuant area in a manner parallel to and as far as pos
sible from the areolar edge. Whereas the skin incision follows 
skin lines, the deeper extension should be made bluntly in a 
radial direction. Sharp dissection perpendicular to the lactation 
ducts increases blood loss, the risk of a fistula, and the risk of 
ductal occlusion. Once the abscess cavity is entered, all locula- 
tions are bluntly reduced, and the cavity is irrigated with saline. 
American surgeons pack the wound open for drainage and sec
ondary closure, whereas British surgeons advocate removal of 
the abscess wall and primary closure. In either case, wide closure 
sutures should be avoided because they may compromise the 
ducts. Patients have a protracted recovery of 18 to 32 days, and 
recurrent abscess formation occurs in 9% to 15% of patients. 
Breastfeeding from the involved side may be resumed if  skin 
erythema and underlying cellulitis have resolved, which may 
occur in 4 to 7 days.

C. albicans infection is considered a common cause of breast 
pain, and Candida infection o f the breast is commonly diag
nosed by clinical presentation: women describe severe pain 
when the infant nurses, “like a red hot poker being driven 
through my chest.” Often the patient has received antibiotics 
recently and has diabetes, or the infant has evidence of oral 
thrush or diaper rash (C. albicans). The areola and nipple are 
erythematous with a scaly sheen to the nipple. Unfortunately, 
the clinical presentation of candidal infection of the breast is not 
as specific or as accurate as a prudent clinician needs it to be. 
The differential diagnosis includes let-down pain, poor latch-on, 
nipple trauma, an allergic reaction, Raynaud phenomenon of 
the nipple, and early bacterial mastitis.

Often the mother is given strong antifungal agents for symp
toms not amenable to antifungal agents. In a study by Hale and 
colleagues,79 only I of 21 patients with a “classic” presentation 
of Candida mastitis had a breast m ilk specimen positive for 
yeast. Given the nonspecificity o f the clinical diagnosis, 
a focused physical examination and biologic confirmation

o f Candida is prudent. Biologic confirmation is obtained 
through a microscopic examination and culture o f a mid
stream sample o f breast milk. First, the nipples and areola are 
gently cleaned with warm water. Next, a let-down of breast milk 
is induced and a sample of the m ilk is obtained after the first
3 mL have been discarded. A potassium hydroxide (KOH) 
smear can confirm the diagnosis. A drop of the midstream milk 
is combined with a drop of 10% KOH and is examined under 
high-power light microscopy. A typical pattern of hyphae and 
spores will be visualized. The remainder of the sample is sent for 
culture and isolation of bacteria and fungi. In cases in which 
multiple antibiotics and antifungal agents have been used, a 
sensitivity panel on the fungal isolates may be helpful. A fungal 
culture may take 7 to 10 days for isolation and identification, 
longer than for antibiotic sensitivities. Given the intensity of 
maternal symptoms and the risk o f discontinuing breastfeed
ing, empiric therapy is warranted prior to the availability of 
culture results.

The initial treatment is to massage nystatin cream or micon
azole oral gel into both nipples after each feeding and in the 
infant’s mouth three times a day for 2 weeks. Recurrent or per
sistent Candida mastitis can be treated by swabbing the infant’s 
mouth with gentian violet liquid (0.5%) and immediately latch
ing the baby to the breast; this should be done twice a day for
3 days. The major disadvantage of this therapy is the permanent 
staining associated with gentian violet. An alternative therapy in 
severe cases is oral fluconazole in a 200-m g loading dose fol
lowed by 100 mg/day for no more than 14 days.

MILK TRANSFER AND INFANT GROWTH
When is an exclusive diet of breast m ilk insufficient to 
supply the nutritional needs of the growing infant? Women who 
wean in the first 8 weeks most often say that insufficient milk 
is the reason for quitting, and well-meaning family members 
often ask, “W hen are you going to start feeding your baby 
real food?”

Correct answers are not readily available. M any nondietary 
factors affect the growth of infants, and poor growth is associated 
with high birth order (more than four living children), lower 
maternal age, low maternal weight, poor maternal nutrition 
during pregnancy, short birth interval, birthweight less than 
2.4 kg, multiple gestation, infection, death of either of the 
infant’s parents, or their divorce or separation.

In addition, inconsistencies exist in older standard reference 
charts for growth and nutritional needs. Most older growth 
charts are based on formula-fed infants, who often receive solid 
food supplementation earlier and in greater proportion than 
comparable breast-fed infants. The W HO and the CD C recog
nized the weakness and have developed appropriate infant 
growth charts (http://www.cdc.gov/growth chart).80 Because 
m ilk volume is a quantitative measure of nutrition, variations in 
volume and concentrations of constituents caused by individual 
variation and different methods of collection confound the 
interpretation.

Despite the latter concerns, it is apparent that a healthy and 
successfully breastfeeding mother can supply enough nutri
tion through breast milk alone for 6 months. The clinical 
markers for adequate breast m ilk transfer include an alert, 
healthy appearance; good muscle tone; good skin turgor; six wet 
diapers per day; eight or more nursing episodes per day; three 
or four loose stools per day; consistent evidence of a let-down
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with operant conditioning; and consistent weight gain (0.75 to
1.0 oz/day after lactogenesis stage III has started; that is, when 
engorgement occurs, or the “milk comes in”).

The term failure to thrive has been used loosely to include 
all infants who show any degree o f growth failure. For the 
breastfeeding mother, it may just be a matter o f comparing 
the growth o f her infant to growth charts compiled from 
formula-fed infants. This loosely applied term can seriously 
undermine the mother’s confidence, and ill-advised supplemen
tation further compromises m ilk volume and may mask other 
important underlying causes. The infant should be evaluated for 
failure to thrive or slowed growth if (1) it continues to lose 
weight after 7 days of life, (2) it does not regain birthweight by 
2 weeks, or (3) it gains weight at a rate below the 10th percentile 
beyond the first months of age. If the mother or the maternal 
care provider recognize jaundice after the first 7 to 10 days of 
life, the neonate needs to have a serum bilirubin test and should 
be seen by the care provider in an emergent fashion (<12 hours). 
If the infant is premature, ill, or small for gestational age, other 
growth measurements (ponderal index, height, skinfold thick
ness, etc.) can be used to define adequate growth. The causes of 
failure to thrive are often complex and are beyond the scope of 
this chapter.

JAUNDICE IN THE NEWBORN
Jaundice is one o f the more common neonatal markers for 
prompt intervention; most often, a major focus on breast 
milk transfer is the solution. Ten to 15%  o f breast-fed neo
nates will have jaundice, defined by a peak serum bilirubin 
greater than 12 mg/dL in term in fants.1 Pediatric concerns 
include hemolysis, liver disease, or infection as underlying causes 
and kernicterus as a consequence. Unconjugated serum biliru
bin greater than 20 mg/dL, or 15 mg/dL for high-risk neo
nates, is considered the critical level for the development o f 
kernicterus in healthy term infants because the risk o f per
manent brain injury is markedly increased. When the serum 
bilirubin is greater than 5 mg/dL in the first 24 hours, a serious 
disease process such as hemolysis may be present, and interven
tion is appropriate.

The focus on breastfeeding as related to neonatal jaundice 
results from the characterization of two syndromes, breastfeed
ing jaundice syndrome, described above, and breast milk 
jaundice syndrome. In the early 1960s, 5% to 10% of lactating 
women were found to have a steroid metabolite of progesterone— 
5(3-pregnane-3(cc), 20((3)-diol— in their icterogenic milk, but 
the compound was not found in the m ilk of women whose 
infants were normal (breast m ilk jaundice syndrome). This 
metabolite is associated with an inhibition of glucosyl transferase 
in the liver, differences in the metabolism of long-chain unsatu
rated fatty acids, and/or increased resorption of bile acids in 
jaundiced infants.

In breast milk jaundice syndrome, the neonates are healthy 
and active. The hyperbilirubinemia develops after the fourth 
day o f life and may last several months, with a gradual fall 
in the bilirubin level. When breastfeeding is stopped for 24  
to 48 hours, a 30%  to 50% decline in bilirubin level is 
observed. W ith resumption of nursing, serum levels w ill rise 
slightly (1 to 2 mg/dL), reach a plateau, and then start to fall 
slowly regardless of feeding method. After excluding other 
causes o f jaundice, and with careful monitoring o f serum 
bilirubin, breastfeeding can continue.

Unfortunately, the focus on rare breast m ilk jaundice cases, 
the concern about kernicterus, and the increased bilirubin in 
many breast-fed neonates between 2 and 7 days old has led to 
routine supplementation of infants with water, glucose, and 
formula even when bilirubin concentrations were in the moder
ate range of 8 to 12 mg/dL. The cause of the elevated bilirubin, 
reduced feeding frequency, or low m ilk transfer is often unrec
ognized. It has been clearly demonstrated that feeding 
frequency greater than eight feedings per 24 hours is associ
ated with lower bilirubin levels. Likewise, water supplemen
tation studied in a controlled fashion does not decrease the 
peak serum bilirubin. Management consists of prevention by 
improvement in the quality and frequency of nursing. Rooming 
in and night feedings should be encouraged. If the mother, 
family, or obstetrician recognizes jaundice in an infant more 
than 7 days old, an immediate referral should be made to the 
child’s physician, and a serum bilirubin level should be obtained; 
this is a pediatric emergency.

GALACTOGOGUES: DRUGS TO IMPROVE 
MILK PRODUCTION
Obstetricians may interface with the breastfeeding dyad when 
there is a question of adequate m ilk production and transfer by 
the mother. The mother and/or the pediatrician often ask for a 
galactogogue to be prescribed by the obstetrician.82

Numerous agents have been shown to increase prolactin pro
duction in nonpregnant women, and galactorrhea is a relatively 
common clinical issue for women on phenothiazines or meto- 
clopramide. It is reasonable that these drugs might be used 
where m ilk supply seems insufficient. The most understandable 
clinical scenarios include glandular hypoplasia, reduction mam
moplasty premature delivery that requires mechanical pumping, 
and relactation (nursing an adoptive child). The most common 
clinical presentation is perceived poor m ilk supply or inhibited 
m ilk let-down (oxytocin inhibition). Clinical trials with random 
assignment of subjects have demonstrated the effectiveness of 
metoclopramide, sulpiride, and domperidone. W hen let-down 
(milk ejection) is obstructed, nasal oxytocin is given to increase 
m ilk ejection.82

Metoclopramide (Reglan) is used to promote GI tone; 
however, a secondary effect is to increase prolactin levels. 
Most studies demonstrate a manifold increase in basal pro
lactin levels and a 60%  to 100%  increase in milk volume. 
The effects of metoclopramide are very dose dependent; the 
usual dose is 10 to 15 mg orally three times a day, but the 
side effects— gastric cramping, diarrhea, and depression— often 
lim it its use. The incidence of depression increases with long
term use, therefore treatment should be tapered over time and 
limited to less than 4 weeks. There appears to be little effect on 
the infant. The dose that the infants receive is much less than 
the amount used therapeutically to treat esophageal reflux, 
regardless of the time postpartum. The U.S. Food and Drug 
Administration has issued a black box warning concerning the 
association of tardive dyskinesia and the use of metoclopramide 
for more than 3 months.

Domperidone, an agent similar to metoclopramide, blocks 
the dopamine receptors in the gut and brainstem but with fewer 
of the psychoneurologic side effects. Domperidone is used in 
Canada as an antiemetic, but it is not FDA approved in the 
United States. In placebo-controlled trials in mothers with 
decreased milk supply, domperidone increased prolactin
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levels and milk supply twofold to threefold. The usual dose 
to improve milk supply is 10 to 20 mg three to four times a day. 
Slow tapering (reduce by 10 mg/week) is suggested because 
acute withdrawal rapidly diminishes m ilk supply. The relatively 
high protein binding in maternal serum limits transfer to the 
neonate, and the relative infant dose is 0.04%. Recently, the 
FDA issued a warning against use of domperidone because of a 
risk of cardiac arrhythmias. These potentially life-threatening 
reactions occurred in older patients with hypokalemia who were 
receiving chemotherapy for cancer, in whom intravenous dom
peridone was used in high doses as an antiemetic.

Sulpiride is a selective dopamine antagonist used in Europe 
as an antidepressant and antipsychotic. Smaller doses (50 mg 
twice daily) do not produce neuroleptic effects in the mother, 
but prolactin and milk production are increased significant
ly. Clinical studies suggest an increase in milk production 
(20% to 50%) but less than that seen with metoclopramide. 
In a placebo-controlled study with random assignment of 130 
subjects, sulpiride 50 mg twice daily for the first 7 days postpar
tum increased the total m ilk yield from 916 mL (±66) in the 
control group to 1211 mL (±65) in the sulpiride-treated group. 
The transfer of sulpiride to the breast m ilk was minimal, and no 
adverse effects were seen in the infants. Sulpiride is not available 
in the United States.

Intranasal oxytocin substitutes for endogenous oxytocin 
to contract the myoepithelial cells and cause milk let-down. 
In theory, its use is to overcome an inhibited let-down reflex. 
Oxytocin is destroyed by GI enzymes and is not given orally 
Until recently, oxytocin was available as an intranasal spray, 
but it has been taken off the market. A pharmacist can prepare 
an intranasal spray with a concentration of 2 IU per drop. The 
let-down dose is a spray (3 drops) to each nostril; the total let
down dose is approximately 12 IU, taken within 2 or 3 minutes 
of each nursing episode. The suggested duration of therapy is 
unclear. Underlying causes for an inhibited let-down reflex need 
to be identified and controlled.

Few clinical trials have used oxytocin alone to improve milk 
production. In a double-blind group sequential trial, intra
nasal oxytocin alone was used to enhance milk production 
in women during the first 5 days after delivery o f a premature 
infant. The cumulative volume o f breast milk obtained 
between the second and fifth days was 3.5 times greater in 
primiparas given intranasal oxytocin than in primiparas 
given placebo. This benefit accrues from more complete empty
ing of the breast with each feed. Because of oxytocin’s comple
mentary mechanism to prolactin-stimulating medications, they 
are often used in combination.

Although metoclopramide, domperidone, sulpiride, and oxy
tocin appear to be effective and relatively safe for the mother 
and infant, they are only secondary support interventions. The 
primary focus should be to enhance prolactin and oxytocin 
through natural mechanisms— that is, with appropriate and 
frequent stimulation of the nipple and areola. Galactagogues 
should only be used for a short duration (2 to 4 weeks) and in 
conjunction with hands-on counseling by an individual with the 
time, energy, and knowledge to enhance the “natural” produc
tion of breast milk.

MATERNAL DISEASE
In the vast majority of cases of lactating mothers with inter
current disease, no medical reason exists to stop breastfeeding.

However, appropriate management requires individualizing the 
care of the nursing dyad in order to preserve the supply-and- 
demand relationship of lactation. For example, a hospitalized 
nursing mother should have her nursing baby with her in the 
hospital for on-demand feedings. This situation stretches the 
flexibility of hospital administrators and nursing services, but 
the problem can be overcome by education.

The first principle is to maintain lactation. An acute hos
pitalization for a surgical procedure is a common complication. 
If breast milk was the neonate’s only source o f nutrition, an 
acute reduction in nursing may lead to breast engorgement, 
a confusing postoperative fever, and mastitis. The infant 
should be put to the breast just before premedication, and 
the breasts should be emptied in the recovery room. The most 
effective way is to have the mother nurse. Although some 
anesthetic may be present in the milk, most are compatible 
with lactation. If there is legitimate concern or if  the mother 
cannot communicate (because she is on a ventilator, for example), 
the breasts should be pumped mechanically in the recovery 
room and subsequently emptied every 2 to 3 hours by nursing 
or pumping.

The second principle is to adjust for the special nutritional 
requirements o f nursing mothers. This principle is especially 
pertinent when intake is restricted postoperatively and when 
maternal diet must be manipulated. In the postoperative period, 
the surgeon must account for the calories and fluid required 
for lactation. Until oral intake is established, a lactating 
mother needs an additional 800 mL o f fluid per day. Early 
return to a balanced diet is essential to offset the additional 
energy and protein requirements o f lactation and wound 
healing.

The third principle is to ensure that the maternal disease 
will not harm the infant. This is most pertinent with infectious 
disease, but it is equally important in cases in which a mother’s 
judgment is in question, such as with severe mental disease, 
substance abuse, or a history of physical abuse. The benefits of 
breastfeeding in the latter situations must be carefully evaluated 
using the resources of the patient, her family, and social 
services.

Infection is the most common condition in which breast
feeding is questioned. In general, the necessary exposure of 
the infant to the mother in day-to-day care is such that breast
feeding does not add to the risk. This recommendation assumes 
that appropriate therapy is being given to both mother and 
infant. Isolation of infected areas should still be practiced, 
such as with a mask in the case of respiratory infection 
and lesion isolation in herpes. The four acute infections 
in which breastfeeding is contraindicated are (1) herpes 
simplex lesions o f the breast; (2) acute maternal varicella in 
the first 3 days o f the neonate’s life (only until the neonate 
has received varicella-zoster immunoglobulin [VZIG]);
(3) untreated active tuberculosis (chest x-ray positive with 
documented presence o f Mycobacterium, not just purified 
protein derivative [PPD] positive); and (4) human immuno
deficiency virus (HIV) disease when it occurs in developed 
countries.

The fourth principle is to evaluate adequately the need and 
type o f medication used for therapy (see Chapter 8). The drug 
management of chronic hypertension illustrates this principle. 
First, the need for medication must be scrutinized, and consider
able controversy exists in the literature as to whether to treat 
patients with mild chronic hypertension (diastolic blood
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pressure 90 to 100 mm Hg). The desire of a mother with mild 
hypertension to breastfeed may change the risk/benefit ratio 
such that antihypertensive drug therapy should be delayed until 
after lactation. Second, the medication should be evaluated 
for its effect on milk production. In the first 3 to 4 months of 
therapy, diuretics reduce intravascular volume and, subse- 
quendy, milk volume. On the other hand, if  a patient has been 
on low doses of thiazide diuretics for more than 6 months, the 
effect on m ilk volume is minimal as long as adequate oral intake 
is maintained. Third, the medication should be evaluated for its 
secretion in breast m ilk and its possible effects on the infant. 
Thiazide diuretics, ethacrynic acid, and furosemide also cross 
into breast m ilk in small amounts. These agents have the poten
tial to displace bilirubin, and their use during lactation is of 
concern when the infant is less than 1 month old or is jaundiced. 
In general, most other antihypertensive drugs are compatible 
with breastfeeding. Although new drugs come onto the market 
often, it is wise to use drugs that have had a long history of 
clinical use.

A fifth principle and a constant challenge is the blanket 
proscription by radiologists and x-ray technicians to “pump 
and dump” breast milk for 24 to 48 hours when contrast 
agents are used. Most agents have very poor oral bioavail
ability, and the effective infant dose is less than 0.1% . The 
guidelines of the American College of Radiology (2004) reviewed 
the use of contrast media in breastfeeding mothers. On a practi
cal level, the mother should feed her infant just before the injec
tion of the contrast media. The delay of 2 to 3 hours until the 
next feeding allows the mother to clear the agent before potential 
infant exposure; the half-life of many of these agents is less than 
2 to 3 hours. If the mother is comfortable with expression or 
pumping, stored breast m ilk is an alternative for interim feeds 
for two to three half-lives.

DRUGS IN BREAST MILK
Most medications taken by the mother appear in the breast 
milk, but the calculated doses consumed by the nursing infant 
range from 0.001%  to 5% of the standard therapeutic doses and 
are tolerated by infants without toxicity (see Table 24-6 and 
Chapter 8).

The following guidelines are helpful:
1. Evaluate the therapeutic benefit of medication. Are drugs 

really necessary, and are there safer alternatives? Diuretics 
given for ankle swelling provide very different benefits 
from diuretics used for congestive heart failure. Choose 
the drugs most widely tested and with the lowest milk/ 
maternal plasma ratio.

2. Choose drugs with the lowest oral bioavailability.
3. Select the least toxic drug with the shortest half-life.
4. Avoid long-acting forms. Usually, these drugs are detoxi

fied by the liver or are bound to protein.
5. Schedule doses so that the smallest amount gets into the 

milk. The rate of maternal absorption and the peak mater
nal serum concentration are helpful in scheduling dosage. 
Usually, it is best for the mother to take the medication 
immediately after a feeding.

6. Monitor the infant during the course of therapy. M any 
pharmacologic agents for maternal use are also used 
for infants. This implies the availability of knowledge 
about therapeutic doses and the signs and symptoms of 
toxicity.

BREAST MASSES DURING LACTATION
Breast cancer is the most common cancer o f the reproductive 
organs o f the female. Whereas the risk o f breast cancer 
increases tremendously after the age o f 40, 1% to 3%  o f all 
breast cancers occur during pregnancy and lactation (see 
Chapter 50). Breast cancer diagnosed during lactation may 
have its origin before or during pregnancy. As a result of this 
assumption and the small numbers of pregnant or lactating 
women, most studies have lumped these populations together. 
Researchers in Japan have analyzed breast cancer in age-matched 
controls (n — 192), women who were pregnant at diagnosis 
(«  = 72), and women who were lactating at diagnosis (n = 120). 
The prognosis for breast cancer diagnosed during pregnancy 
or lactation is poorer than for breast cancer diagnosed at 
other times. The 10-year survival for age-matched controls 
without lymph node metastasis was 93%; for women who 
were diagnosed during pregnancy or lactation, the survival was 
85%. When the lymph nodes were involved, the 10-year survival 
was 62% in controls and 37% in women who were diagnosed 
during pregnancy or lactation. The difference in survival is 
partially explained by a longer duration of symptoms prior 
to diagnosis (6.3 vs. 5.4 months), tumor size on palpation 
(4.6 vs. 3.0 cm), and tumor size on cut surface (4.3 vs. 2.6 cm) 
in lactating women versus controls, respectively. The delay 
in diagnosis and the greater size at diagnosis in lactating 
women is a failure o f the obstetric care provider and/or the 
lactating woman to aggressively pursue the evaluation o f a 
breast mass.

The lactating woman is most likely to recognize a breast mass 
through her daily manipulations of her breasts. In her frame
work of reference, she usually considers this mass a “plugged 
duct.” She should be encouraged to report a plugged duct that 
persists more than 2 weeks despite efforts to initiate drainage of 
that lobule. Her provider faces an expanded differential diagno
sis; the most common diagnosis is that of a dilated m ilk duct, a 
completely benign diagnosis. Fibromas and fibroadenomas are 
more common in young women; these solid tumors are rubbery, 
nodular, and mobile, and they may grow rapidly with the hor
monal stimulation of pregnancy. A needle aspiration of the mass 
is the mainstay of diagnosis. Percutaneous fine-needle aspira
tion is performed in the same manner as in nonpregnant 
women. The use of local anesthetic is optional; infiltration of 
the area around a small lesion may increase the likelihood of a 
nondiagnostic aspiration. The area over the mass is swabbed with 
iodine or alcohol and, using sterile techniques, the lesion is fixed 
between the thumb and fingers of the nondominant hand. Using 
a 22-gauge needle attached to a 20-mL syringe, the center of the 
lesion is probed. Initial aspiration usually reveals the nature of 
the lesion. If m ilk or greenish fluid (fibrocystic disease) is found 
and the lesion disappears, no further diagnostic procedures need 
to be performed. If the tumor is solid or fails to disappear com
pletely after aspiration, the needle is passed several times through 
the lesion under strong negative pressure. The aspirated tissue 
fluid is air-dried on a slide and sent for cytologic evaluation. The 
pathology requisition should note the age and lactating status. 
Fine-needle aspiration biopsy appears to have the same accu
racy in pregnancy and lactation as in the nonpregnant, non- 
lactating woman. In a study of 214 fine-needle aspirations 
during pregnancy and lactation, eight (13.7%) were cancer, and 
the sensitivity, specificity, and positive predictive values were 
100%, 81%, and 61%, respectively.
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544 Section IV Postpartum Care

Ultrasound is an accurate method o f determining the 
cystic nature o f a breast mass in lactating women. Mammog
raphy is more difficult to interpret during lactation. Young 
breasts are generally more dense, and the massive increase in 
functioning glands may obscure small cancers. However, rhe 
accuracy is still good if the films are interpreted by experienced 
radiologists. In general, mammography is a secondary diagnostic 
modality.

A core biopsy using ultrasound or radiographic guidance 
is a reasonable option to avoid a surgical procedure. If a
surgical biopsy is required, the surgeon will usually need guid
ance regarding the management of lactation. Most breast biop
sies can be performed under local anesthesia. If the mother 
nurses just before the procedure, she will empty the breast—  
which makes the surgery easier— and will allow 3 to 4  hours 
to pass before the next feeding. Local anesthetics are not 
absorbed orally and pose no risk to the infant, so the mother 
should be allowed to nurse on demand. Most anesthetics used 
for general anesthesia enter the breast m ilk in small amounts 
(1% to 3%) of the maternal dose, and minimal behavioral effects 
in infants have been observed. In most cases, the mother can 
nurse within 4 hours of the anesthetic. The mother’s breasts 
should be pumped 3 to 4 hours after the last feeding regardless 
of the anesthetic status; she will begin to feel the discomfort of 
engorgement, and the fever of engorgement may confuse the 
postoperative picture as early as 8 or 10 hours. Failure to empty 
the breasts within 6 to 8 hours will begin to adversely affect 
m ilk supply.

Surgical biopsy usually has little effect on breastfeeding 
performance unless the procedure is done in the periareolar 
area or the nerves that supply the nipple are compromised. 
Circumareolar incisions are to be avoided i f  possible. M ilk 
fistulae are an uncommon risk (5%) of central biopsy, although 
fistulae are usually self-limited and will spontaneously heal over 
several weeks. Prohibiting breastfeeding does not change the 
likelihood of ultimate healing.

BACK-TO-WORK ISSUES
In 2009, according to the CDC, about 50% o f women in the 
workplace had a child at home younger than 12 months old.
One third returned to work within 3 months of birth, and two 
thirds returned within 6 months. The IFPS II study prospec- 
tively surveyed employed breastfeeding mothers (n = 810) over 
the first 12 months after birth for strategies that combined 
employment and breastfeeding.8’ The important findings were 
that the average age o f the infant when the mother returned 
to work was a mean o f 11 .4  weeks, the median hours o f work 
per week was 24.8, and the median duration o f breastfeeding 
after return to paid work was 25.6 weeks. The strategies used 
to continue breastfeeding in the first month after the mother 
returned to work included to (1) feed directly from the breast 
(31.3%), (2) pump and feed directly from the breast (9.4%),
(3) pump only and bottle feed breast m ilk only (43.4%), and
(4) neither pump nor feed directly during the day. Directly 
breastfeeding and a pump-and-feed strategy resulted in the 
longest durations of breastfeeding after returning to work: 31.4 
weeks (n = 250) and 32.4 weeks («  = 75), respectively. Pumping 
and bottle-feeding breast m ilk only averaged 26.3 weeks (n = 
346), and neither pumping nor feeding breast m ilk during the 
work day averaged 14.3 weeks (n = 128) and had a significantly 
shortened duration of breastfeeding. The obstetric provider

should support breastfeeding, and if  breastfeeding is not possible 
during the day, the provider should suggest that the mother 
pump breast m ilk to provide bottles for the child care giver to 
supply to her infant during the work day.

Safe and clean storage of pumped breast m ilk is critical to the 
breastfeeding working mother (see the earlier section, “Breast 
M ilk Expression,” and also Boxes 24-2 and 24-3). The Academy 
of Breastfeeding Medicine has a specific protocol to help mothers 
safely store their m ilk.8'1

As a consequence of these findings, the CD C, other national 
organizations, and state legislatures have enhanced or initiated 
major campaigns to support breastfeeding in the workplace. 
The CDC has guidelines for workplace safety for working 
mothers who wish to express breast m ilk (http://www.cdc.gov/ 
breastfeeding/promotion/employment.htm). In March 2011, 
federal law amended Section 7  o f the Fair Labor Standards 
Act to require employers to provide “reasonable break time 
for an employee to express breast milk for her nursing child 
for 1 year after the child’s birth each time such employee has 
need to express the milk.”

The separation between mother and infant adversely affects 
the psychology and physiology of lactation through breast 
engorgement, a decrease in the frequency of nursing, and unsat
isfied needs of the baby. The anxiety and fatigue associated 
with the combination of employment and lactation inhibits the 
let-down reflex, weakens maternal host defenses, and disrupts 
family dynamics. The infant must adapt to another caregiver, 
a new sucking technique, and unfamiliar infectious agents 
found in day care settings. Therefore it is not surprising chat 
formula feeding is viewed as an improvement in mothers’ 
lives, even though it creates feelings of inadequacy and guilt in 
some women. Fortunately, the rapid increase in breast pump 
options and technology allows many working mothers (70%) to 
provide bottled human breast m ilk to their infant during the 
work day.

Breastfeeding during employment is both possible and fulfill
ing. Preparation, m ilk storage, and choice of child care are the 
cornerstones to easy adaptation to employment. Preparation 
involves preemployment change in lifestyle to accommodate the 
increased stresses. Lactation should be well established with 
frequent nursing (10 to 14 times per day) and no supplemen
tation prior to return to work. Return to full-time work prior 
to 4 months has a greater negative impact than return to work 
after 4 months. Part-time work lessens the impact. About 2 
weeks prior to work, the mother should change her nursing 
schedule at home. During the workday, she should express 
or pump her breasts two or three times a day, while increasing 
her nursing with short, frequent feedings before and after 
work times. The infant should be fed bottles of stored breast 
m ilk by a different person in a different place to allow easier 
adaptation.

During the 2 weeks prior to employment, the day care 
arrangements should be carefully selected and observed. In addi
tion to references, several questions are pertinent to the selection 
of the day care setting. Is the sitter a mother herself, and does 
the sitter have experience with nursing babies? Is the mother 
welcome to use the child care site for a midday nursing? Does 
the day care center provide in-arm feeding, or are high chairs 
and propped bottle-feedings used? Is the time and activity of the 
center highly structured and rigid, or is it flexible to the needs 
and requests of the mother and infant? Does the staff treat the 
parents and children with respect? M any of these questions can
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be answered by an extended (1- to 2-hr) observation of the 
center and its children.

Fatigue is the number one enemy o f the working mother, 
and emotional and physical support o f the mother is critical.
Some helpful suggestions include bringing the infant’s bed into 
the parent’s room or construction of a temporary extension to 
the parents’ bed; use of labor-saving devices, division of domestic 
chores, and the elimination of less important household chores 
to reduce the workload; and taking naps and frequent rest 
periods to conserve energy.

Continued stimulation of the breast during working hours is 
important. Pumping not only improves m ilk supply, it also sup
plies human m ilk for the infant. M anual expression and/or 
mechanical pumping should be performed more frequently (two 
to three times during the workday) in the first 6 months post
partum. After 6 months, the workday frequency can be reduced 
and eliminated as the infant’s diet is complemented by fluids or 
solids during the day.

CONTRACEPTION
Adequate family planning— that is, intentional pregnancy at an 
appropriate interpregnancy interval (>18 months)— is a critical 
medical and social principle. Both a shortened interpregnancy 
interval (<18 months) and unintended pregnancy significantly 
increase adverse pregnancy outcomes. Having two children in 
diapers adds considerable social and fiscal stress to the family. 
The discussion of contraception during breastfeeding is the 
unique responsibility of the obstetric care provider. Prenatal 
discussion of contraceptive choices are critically important in 
a woman who is anticipating breastfeeding, especially a first 
mother who may have concerns about the effects of hormonal 
contraception on her breastfeeding infant.

The key issues of contraceptive education are delaying preg
nancy at least 18 months and making the next pregnancy inten
tional. Most women return to sexual relations by 4 to 8 weeks 
postpartum; if  they have had more than two consecutive days 
of vaginal (“menstrual”) bleeding after 56 days postpartum, they 
are at risk for an often unintended pregnancy. A corollary of the 
two key contraception educational issues is to provide contra
ception that does not complicate or potentially affect the success 
of breastfeeding; or, the converse, to make patients aware that 
breastfeeding may affect the efficacy of the contraceptive method. 
A tired, stressed mother with poor support may not be as effec
tive in remembering to use daily (oral hormonal contraceptives) 
or episodic contraceptives (barrier methods).

Permanent sterilization (i.e., postpartum tubal ligation) is the 
most effective contraceptive, with a pregnancy rate of 3 to 7 per 
1000 woman-years. Postpartum sterilization, even if  delayed 
until after the first 4 hours (for first feeding, skin-to-skin contact, 
and mother/family bonding), can be performed and completed 
using the same labor epidural within a short period of time and 
with minimal impact on breastfeeding. Male sterilization can 
be performed as an outpatient procedure before delivery with 
similar effectiveness, as long as postprocedure sperm analysis 
shows no sperm, usually after 15 ejaculations.

If more children are desired, effective child spacing occurs 
with lactational amenorrhea. This contraceptive effect has been 
quantified since the early 1970s.85 The lactational amenorrhea 
method (LAM) of birth control utilizes the normal physiology 
of lactation— a low-estrogen/progesterone, high-prolactin state. 
If the mother is exclusively breastfeeding, is less than 6 months

postpartum, and has no menses— that is, no bleeding perceived 
by the mother as menses that occurs after 56 days postpartum 
or any consecutive 2 days of bleeding—the unintended preg
nancy rate is 0.5 to 2 per 100 woman-years. If these conditions 
are not met, an additional contraceptive is needed. In the first 
6 months postpartum, LAM is as effective as the mini pill, or 
progesterone-only hormonal contraception pill.

When LAM is deemed to be unreliable or the strict condi
tions are not met, other contraception is needed to prevent 
unintended pregnancy during the lactation period. The copper 
intrauterine device (IUD) is very effective, with a pregnancy rate 
of 3 to 8 per 1000 woman-years, and does not pose concerns 
related to hormonal exposure to the lactating breasts and 
neonate. Heavy menses and copper sensitivity are uncommon 
side effects. O f note, emergency contraception with levonorg
estrel is the preferred option, rather than combined oral con
traceptives, because it has fewer side effects; in addition, 
levonorgestrel comes with none of the concerns of high-dose 
estrogen, which includes reduction of m ilk volume. Generally, 
levonorgestrel has little effect on lactation.

In many cases, progesterone-only contraceptives, progestin- 
releasing IUDs, injections (depot medroxyprogesterone acetate 
[DMPA]), or implants are the contraception of choice for lactat
ing women who want or need more protection than LAM after 
the onset of lactogenesis stage III on days 5 to 7 postpartum. 
Although unproven, a theoretic concern exists for disruption 
of lactogenesis with a pharmacologic dose of progesterone 
(i.e., DMPA) when withdrawal of progesterone with placental 
removal might initiate lactogenesis stage II.

In 2010, the Contraceptive CHOICE Project86 analysis 
impacted the recommendations for contraception among lac
tating women. Long-acting reversible contraception (LARC) 
addresses the key issues related to contraception during lacta
tion. LARC in this study included the levonorgestrel intrauter
ine system (LNG-IUD), the copper IUD (Cu-IUD), and the 
etonogestrel (ETG) implant. Non-LARC methods included all 
other methods of contraception, such as daily hormonal contra
ceptive pills, hormonal patches and vaginal rings, and DMPA. 
Continuation rates at 2 years for LARC methods and non- 
LARC methods were 71% versus 41%, respectively. Non-LARC 
users were 22 times more likely to have an unintended preg
nancy than LARC users. In the prenatal clinic, the obstetric 
care provider needs to address the very clear implications of this 
population study to their patients who intend to breastfeed. 
LARC methods are far better for achieving a 2-year inter
pregnancy interval and for reducing unintended pregnancy 
than non-LARC methods that included oral contraceptives, 
patches, injectables, and rings.

WEANING
The AAP recommends exclusive breastfeeding for the first 6 
months o f life and continuation beyond the first 12 months 
of life. Breastfeeding is a biologic process modified by cultural 
expectations. The culture of the United States feels increasingly 
more uncomfortable when a mother breastfeeds more than a 
year. From a broader biologic and historic perspective, the U.S. 
experience reflects cultural bias, not biologic reality. In a remark
able review, Dettwyler makes a very cogent argument for the 
“natural” age o f weaning in the human to be 3 to 4 years. 
She has several arguments, the first being that traditional and 
prehistoric societies have always weaned between the third and
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546 Section IV Postpartum Care

fourth year. Based on weaning when the infant weight is four 
times its birthweight, similar to other primates, weaning should 
occur between 2 and 3 years. If weaning corresponds to attain
ment of one third the adult weight, weaning would occur 
between 3 and 4 years. If humans behaved like chimpanzees or 
gorillas and weaned at six times the gestational period, humans 
would wean at 4.5 years. The dental, neurologic, and immuno
logic systems are still developing until 6 years of age, and breast
feeding and breast milk provide unique support for these systems 
up to 4 to 6 years. Developmentally, the infant is able to place 
solid food in its mouth at 6 months; but if  left to the infant’s 
own skills, this intake would not reach a significant proportion 
of the nutritional requirements until 18 to 24 months. The 
ability to drink from a cup occurs close to the second year. As 
the infant supplements an increasing proportion of its nutri
tional needs with solid or liquid food, the mother will begin to 
ovulate, and subsequent pregnancy is increasingly more likely. 
Through its suppression o f gonadal function, breastfeeding 
can maintain a birth interval o f 3 to 4 years. Breastfeeding 
into the third year is a cultural exception in the United States, 
but prolonged breastfeeding does not constitute abnormal or 
deviant behavior, an attitude expressed by many so-called 
modern Americans. As we learn more about the benefits of 
long-term lactation, our culture may return to more reasonable 
expectations for the duration of breastfeeding.

KEY POINTS

♦ The World Health Organization, the U.S. Surgeon 
General, the American Academy of Pediatrics, the 
American Academy of Family Practice, the American 
College of Obstetricians and Gynecologists, and the 
Academy of Breastfeeding Medicine endorse breastfeed
ing as the gold standard for infant feeding.

♦ Breastfeeding accrues many health benefits for the 
infant, including protection against infection, fewer 
allergies, better growth, better neurologic development, 
and lower rates of chronic diseases, such as type 1 dia
betes and childhood cancer.

♦ Breastfeeding accrues more health benefits for the 
mother, including faster postpartum involution, im
proved postpartum weight loss, less premenopausal 
breast cancer, lower rates of cardiovascular disease, 
less type 2 diabetes mellitus, and better mother-infant 
bonding. Breastfeeding also decreases the economic 
burden.

♦ Formula lacks key components of breast milk, including 
defenses against infection, hormones and enzymes to 
aid digestion, polyunsaturated fatty acids necessary for 
optimal brain growth, and adequate composition for 
efficient digestion.

♦ Prolactin is the major promoter of m ilk synthesis, and 
oxytocin is the major initiator of m ilk ejection. The 
release of prolactin and oxytocin results from the stimu
lation of the sensory nerves that supply the areola and 
nipple.

♦ Oxytocin released from the posterior pituitary can be 
operantly conditioned and is influenced negatively by 
pain, stress, or loss of self-esteem.

♦ Contact with the breast within 30 minutes of birth 
increases the duration of breastfeeding. Correct posi
tioning of the nursing infant and correct latch-on 
promote efficient m ilk transfer and reduce the incidence 
of breast pain and nipple injury. A frequency of nursing 
greater than eight feedings per 24 hours, night nursing, 
and a duration of nursing longer than 15 minutes are 
needed to maintain adequate prolactin levels and milk 
supply.

♦ The nursing actions on a human teat versus on an arti
ficial teat are very different. Poor lactation is the major 
cause of nipple injury and poor m ilk transfer. Perceived 
or real lack of m ilk transfer is the major reason for the 
discontinuation of nursing.

♦ M ilk production is reduced by an autocrine pathway 
through a protein that inhibits m ilk production by the 
alveolar cells and by distension and pressure against the 
alveolar cells.
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Approximately 1 in 500 women will require nonobstetric 
surgery during pregnancy.1 The care o f the pregnant surgical 
patient requires a multidisciplinary approach that involves 
the obstetrician, surgeon, anesthesiologist, and pediatrician.
Numerous unique challenges arise when caring for a pregnant 
woman who presents with symptoms that may require surgery. 
Evaluation of these patients is often confounded by the various 
changes in maternal physiology, concern for fetal well-being, and 
the potential risk to the continuing pregnancy. The introduction 
of new imaging diagnostic modalities has increased our diagnos
tic capabilities; however, their safety for use during pregnancy 
continues to be evaluated. In this chapter, we focus on (1) spe
cific physiologic and anatomic adaptations to pregnancy that the 
clinician needs to be aware of when evaluating a gravid patient; 
(2) the diagnostic challenges concerning evaluation of a preg
nant woman, with specific attention to radiologic studies; (3) 
the unique issues that arise when providing surgical anesthesia

during pregnancy; and (4) the potential risks to the pregnancy 
that are assumed when nonobstetric surgery becomes necessary. 
Finally, although some of the more common indications 
for surgery in pregnancy—such as trauma, appendicitis, and 
cholecystitis— are addressed in more detail elsewhere (Chapters 
26, 47, and 48), we address clinical circumstances that are 
being seen with increasing frequency during pregnancy, includ
ing the use of laparoscopy, the evaluation and treatment of 
adnexal masses, issues related to obesity and bariatric surgery, 
and the challenges associated with cardiac and neurosurgery in 
pregnancy.

MATERNAL PHYSIOLOGY
Pregnancy-induced changes in maternal physiology and 
anatomy can confuse the clinical picture when evaluating the 
gravid patient who presents with abdominal symptoms.
Abdominal discomfort, nausea, vomiting, diarrhea, and consti
pation are often encountered in pregnancy in the absence of 
intraabdominal pathology. Furthermore, laboratory changes 
commonly seen as abnormal in the nonpregnant surgical patient 
may be normal in the gravid state. Therefore familiarity with 
these changes is essential when evaluating pregnant women who 
present with abdominal discomfort and gastrointestinal symp
toms (see Chapter 3).

Pregnancy causes profound changes in cardiovascular, hema
tologic, and respiratory physiology. Cardiovascular adaptations 
to pregnancy include a significant increase in cardiac output, 
heart rate, and intravascular volume.2'3 Because the heart rate 
increases by up to 15 to 20 beats/min compared with the non- 
gravid state, it may be difficult to determine whether a mild 
tachycardia is physiologic or related to an underlying pathologic 
condition.

Respiratory physiology is also altered in pregnancy. The gravid 
uterus leads to a decrease in functional residual capacity and 
total lung capacity. In addition, the stimulatory effect of
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progesterone on respiratory drive leads to an increase in tidal 
volume and minute ventilation. O f note, the respiratory rate 
remains unchanged. As a result, pregnancy is associated with a 
state of relative hyperventilation and mild respiratory alkalosis.

The physical examination of the pregnant abdomen may 
present a unique challenge. The enlarging gravid uterus becomes 
an abdominal organ after 12 weeks’ gestation and may displace 
or compress other intraabdominal organs, making localization 
of pain difficult. For example, progressive upward displacement 
of the appendix occurs, and the appendix does not return to 
its original position until 1 to 2 weeks postpartum.4 How
ever, despite the altered location, the most consistent and 
reliable symptom in pregnant women with appendicitis 
remains right lower quadrant pain.1 M any other classic signs 
and symptoms of appendicitis— such as nausea, vomiting, and 
leukocytosis— may be normal findings in pregnancy. Similarly, 
physical examination findings of rebound and guarding may not 
be reliable indicators of intraperitoneal inflammation in preg
nancy.7,8 In addition, abdominal tenderness may be a sign of 
a pregnancy-specific complication, such as chorioamnionitis or 
placental abruption. Thus the evaluation of abdominal pain in 
pregnancy can present a challenging diagnostic dilemma.

The gravid uterus may also limit diagnostic imaging 
of abdominal organs. After the first trimester, the maternal 
adnexa are displaced cephalad and may be difficult to image 
with ultrasound. Some anatomic changes related to the grow
ing uterus may confound the interpretation of diagnostic imag
ing. For example, mild to moderate hydroureter is commonly 
encountered in pregnancy secondary to compression of the distal 
ureters by the uterus and progesterone-induced smooth muscle 
relaxation. Because the incidence of both pyelonephritis and 
nephrolithiasis is increased in pregnancy, it is important to rec
ognize that a degree of dilation of the upper urinary tract is often 
a normal finding.

Laboratory values are also altered in normal pregnancy (see 
Chapter 58). Maternal blood volume is increased out of propor
tion to the increase in red blood cell mass. This leads to a dilu- 
tional anemia of pregnancy, especially in the later stages. This 
physiologic anemia may be mistaken for occult blood loss in the 
patient being evaluated for a surgical abdomen. Pregnancy is also 
associated with a progressive rise in peripheral white blood cell 
count, with a mean value of 14,000 cells/mm3 during the second 
trimester. This physiologic leukocytosis, in conjunction with 
tachycardia and anemia, may confound the clinical picture and 
lead to an incorrect diagnosis. Other laboratory values— such as 
D-dimer, serum creatinine, and alkaline phosphatase— are sig
nificantly altered in pregnancy, which limits their role in the 
diagnostic evaluation of the pregnant patient.

These significant changes in normal maternal physiology and 
diagnostic evaluation can complicate the evaluation of the preg
nant patient who presents with concerning symptoms. The 
utmost vigilance is necessary to identify true pathology and 
arrive at the correct diagnosis in a timely fashion so that the 
appropriate management can be implemented.

DIAGNOSTIC IMAGING
A common concern that arises when evaluating a pregnant 
woman is the safety of diagnostic radiologic tests. W hen consid
ering the potential risks related to imaging, it is important to 
balance any potential for harm against the significant risks asso
ciated with an erroneous or delayed diagnosis. It is important to

TABLE 25-1 FETAL EFFECTS OF RADIATION
EXPOSURE BY GESTATIONAL AGE

E S T IM A T E D
G E S T A T IO N A L A D V E R S E M IN IM U M
A G E  (FRO M  LM P) EFFECT R A D IA T IO N  DOSE

Weeks 3-4 (first 2 Embryonal demise 5-20 cGy
weeks post (all or none)
conception)

Weeks 5-8 Death, congenital 
anomalies, IUGR

20-50 cGy

Weeks 9-15* IUGR, microcephaly, 
severe mental 
retardation1

6-50 cGy

Weeks 16-25 Mental retardation 25-150 cGy

Data from Brent RL. Saving lives and changing family histories: appropriate counseling 
of pregnant women and men and women of reproductive age, concerning the risk of 
diagnostic radiation exposures during and before pregnancy. Am J  Obstet Gynecol. 
2009;200:4-24; and Patel SJ, Reede DL, Katz DS, et al. Imaging the pregnant patient for 
nonobstetric conditions: algorithms and radiation dose considerations. Radiographics. 
2007;27:1705-1722.
*Period of neuronal development that is most sensitive to radiation damage.
+Exposure to 1 Gy of radiation during this period has been associated with a loss of 30 
IQ points.
IUGR, intrauterine growth restriction; LMP, last menstrual period.

recognize that failure to accurately diagnose a serious condition 
in a timely manner can cause significant harm to the woman 
and her fetus.

Ionizing Radiation
The overwhelming concern related to diagnostic imaging is 
exposure o f the developing fetus to ionizing radiation. The 
critical factors that determine the risk to the fetus are the 
dose o f radiation to which the fetus is exposed and the ges
tational age at the time o f the exposure (Table 25-1; see 
Chapter 8). Very early in gestation, within the first 2 weeks of 
conception, any significant cell damage caused by radiation is 
generally believed to result in miscarriage. This is believed to be 
an “all or none” phenomenon; that is, if  the fetus remains viable 
after this early exposure, no adverse effects are expected. Radia
tion doses greater than 50 to 100 mGy (5 to 10 rad [1 mGy =
0.1 rad]) are likely necessary to cause embryonic death. Postcon
ception weeks 2 through 8 are particularly sensitive to teratoge
nicity because this is the period of organogenesis. At this stage, 
the embryo is more resistant to radiation-induced death, and 
doses of more than 250 to 500 mGy (25 to 50 rad) are necessary 
to cause fetal demise.9'10

The fetal central nervous system is sensitive to radiation 
damage between 8 and 25 weeks and particularly during weeks
8 to 15 because this is a period of rapid neuronal development. 
However, increasingly high doses of radiation are necessary to 
result in any significant damage. After 25 weeks, the fetus is 
fairly resistant to radiation-induced abnormalities.9'10

In addition to teratogenic risk, a concern remains for poten
tial carcinogenic effects of ionizing radiation to the developing 
fetus. Some authors have estimated that the incidence of child
hood leukemia and other cancers may increase by about 0.06% 
from baseline with each centigray of exposure.11 Given the low 
background risk, diagnostic doses of radiation do not appear to 
significantly increase the absolute risk to the fetus.9,12 Also, the 
causative link between fetal exposure to diagnostic radiation and 
childhood leukemia has been called into question.9

Table 25-2 shows the estimated doses of fetal radiation 
exposure from various commonly used diagnostic imaging 
examinations.1214 It is important to note that the amount of
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TABLE 25-2 E S T IM A T E D  FETAL E X P O S U R E  
T O  R A D IA T IO N  FR O M  C O M M O N

______________ D IA G N O S T IC  R A D IO LO G IC  S T U D IE S
E S T IM A T E D  FETAL

R A D IO LO G IC  S T U D Y  D O S E * (C G Y)

Chest radiograph (posteroanterior, lateral) 0.0002
Abdominal radiograph 0.1-0.3
Head CT 0.0005
Chest CT 0.002-0.02
Abdominal CT 0.4-0.8
Abdominopelvic CT 2.5-3.5
Abdominopelvic CT (stone protocol) 1
Ventilation scan 0.007-0.05
Perfusion scan 0-04
Intravenous pyelography 0.6-1.0
Bone scan 0.3-0.5
Positron emission scan 1.0-1.5
Thyroid scan 0.01-0.02
Mammography 0.007-0.02
Small bowel series 0-7
Barium enema 0.7

* Fetal dose can vary significantly based on a variety of patient and imaging parameters. If 
necessary, more precise estimates can be obtained through consultation with a radiation 
safety officer or radiation physicist.
CT, computed tomography.

radiation exposure from any of these diagnostic studies is well 
below the dose threshold for teratogenic risk. Therefore when 
evaluating a pregnant woman who presents with significant 
symptoms, the patient should be reassured that the radiation 
exposure to the fetus from diagnostic imaging does not 
confer a significant risk for fetal harm.15'16 It is important for 
the clinician to be familiar with the relative radiation doses 
delivered by commonly ordered tests because this information 
may aid in the decision to choose one modality over another. 
When clinically appropriate, consideration should be given to 
other diagnostic modalities, such as ultrasound or magnetic 
resonance imaging (MRI), that do not involve ionizing radia
tion. The general principle of ALARA (as low as reasonably 
achievable) applies to both mother and baby. Optimization of 
computed tomography (CT) scan protocols, appropriate shield
ing, and judicious use of radiation-based imaging remains an 
important principle.

Although much attention is given to potential risks of fetal 
exposure, it is thought that the pregnant woman may have an 
increased sensitivity to radiation compared with other adults. 
For example, when evaluating a pregnant woman for a suspected 
pulmonary embolus, current recommendations often favor 
a ventilation-perfusion study over a CT scan in patients with 
normal chest radiographs. Despite similarly low fetal radiation 
exposures, the exposure to the maternal breasts and lungs is 
significantly higher with a CT scan.1 Therefore, although 
patients should be counseled that no single diagnostic test 
should be considered harmful to the fetus, justification o f the 
need for imaging should be confirmed with respect to mater
nal benefit.

Fluoroscopy, which uses real-time radiography, has been 
increasingly used in numerous diagnostic and therapeutic 
procedures. For example, cardiovascular comorbidities are in
creasingly common in pregnancy, and diagnostic cardiac cath
eterization, electrophysiology studies, ablation procedures, and 
cardiac valve interventions all use fluoroscopic guidance. The 
absolute fetal exposure varies greatly among procedures, but 
most can be safely performed during pregnancy.18 Numerous

variables can be controlled for in order to lim it the maternal and 
fetal exposure to radiation and to comply with the ALARA 
principle during pregnancy.1 ’

Overall, the use of diagnostic radiation in pregnant women 
requires adequate patient counseling to allay concerns of fetal 
harm and to balance any small potential risk against the need 
to arrive at an accurate and timely diagnosis. According to the 
American College of Obstetricians and Gynecologists (ACOG), 
“Women should be counseled that x-ray exposure from a single 
diagnostic procedure does not result in harmful fetal effects. 
Specifically, exposure to less than 50 mGy (5 rads) has not 
been associated with an increase in fetal anomalies or preg
nancy loss.”

Ultrasound
Ultrasound remains the initial imaging modality of choice in the 
evaluation of the pregnant woman who presents with acute 
abdominal pain. Ultrasound involves the use of sound waves and 
is not a form of ionizing radiation. Although ultrasound does 
have the potential to transfer energy to the tissues being imaged,20 
no confirmed adverse fetal effects of diagnostic ultrasound pro
cedures have been reported. Nonetheless, attention should be 
given to the thermal and mechanical indices in pregnancy. 
Overall, the safety and versatility o f ultrasonography makes 
it the first-line diagnostic tool during pregnancy whenever 
appropriate to address the clinical question at hand.

Magnetic Resonance Imaging
There are numerous advantages to MRI use during preg
nancy. Like ultrasound, MRI does not use ionizing radiation, 
and no harmful effects to the mother or fetus have been 
reported. In recent years, the use of MRI has expanded greatly 
as the image quality and availability have increased. For example, 
MRI has proved useful for evaluation of pathologies such as 
adrenal tumors, uterine and ovarian masses, gastrointestinal 
lesions, and retroperitoneal space evaluation while avoiding the 
radiation exposure associated with CT scanning.”1

Contrast in Pregnancy
Commonly used radiocontrast, such as low-osmolarity iodin- 
ated contrast media, is known to cross the placenta and be 
excreted in the fetal urine. Overall, the small quantities and 
transient exposure is not believed to have any teratogenic effects 
on the fetus. Theoretic effects on fetal thyroid function have not 
been observed using clinical doses, and no specific neonatal 
surveillance is warranted for fetuses exposed to these agents in 
pregnancy.22

No known adverse effects have been observed using 
gadolinium-based contrast in pregnancy. In addition, the limited 
data from exposed pregnancies have not revealed any proven 
harm; therefore gadolinium can be considered in clinical sce
narios where the potential exists for significant benefit to the 
patient or fetus that outweighs the theoretic harms. However, 
given that gadolinium can concentrate in the amniotic fluid with 
a potentially long half-life, current recommendations do not 
support routine use of gadolinium in pregnancy.22

ANESTHESIA DURING 
NONOBSTETRIC SURGERY
When anesthesia is required during pregnancy, the concern for 
possible adverse effects exists. However, it is also important to
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consider the physiologic changes of pregnancy that affect the 
delivery of safe and effective anesthesia.

Anesthesia and Teratogenicity
As is the case when examining the potential teratogenicity of 
any prenatal exposure, much of the data are limited to retrospec
tive information from case series and registries. However, because 
prospective research focused on the teratogenicity of a medica
tion is not ethically or logistically feasible, patients must be 
counseled based on the existing data, with acknowledgment of 
the inherent limitations.

Several early studies raised the possibility that exposure to 
anesthesia in the first trimester may be associated with an 
increased risk for central nervous system malformations.23,24 
However, the methodologies used to arrive at these conclusions 
have been challenged and are not supported by subsequent 
studies.2’

Most studies have been reassuring and have concluded that 
a significant risk for congenital malformations is unlikely 
when surgery is performed during the first trimester.25,26 For
example, Mazze and Kallen26 described 5405 women from the 
Swedish Birth Registry who underwent nonobstetric surgery 
during pregnancy, 40% of which occurred during the first 
trimester. They found no significant difference in the rate of 
congenital malformations compared with women who had no 
exposure to surgery during pregnancy. Furthermore, a more 
recent systematic review of the literature identified more than
12,000 pregnancies exposed to nonobstetric surgery and reported 
an overall 2% incidence of congenital malformations, 3.9% 
when surgery occurred in the first trimester.27 Although no 
control group was available in this review, the observed rate of 
malformations falls within the expected range in the general 
population. Whereas the best available data support the lack of 
a significantly increased risk for malformations among pregnan
cies exposed to nonobstetric surgery and anesthesia, it may be 
preferable to defer most surgical interventions until the 
second trimester, when the theoretic risk o f teratogenicity—  
as well as the established risk o f spontaneous miscarriage— is 
further decreased.

Anesthesia and Pregnancy Physiology
As discussed earlier (see Chapter 16), many significant physio
logic changes occur in pregnancy that can have a profound 
impact on the delivery of safe and effective anesthesia in preg
nancy. For example, several physiologic changes contribute to 
the increased risk for aspiration in pregnant women who un
dergo general anesthesia. Gastric emptying time is prolonged in 
pregnancy, especially in the third trimester and in obese women.28 
In addition, progesterone-mediated diminished tone is present 
at the gastroesophageal junction. Therefore strategies to de
crease the risk for aspiration are essential, such as preopera
tive fasting, antacid prophylaxis (e.g., 30 mL o f sodium 
citrate), and airway protection. In some situations, administra
tion of a histamine 2 (H2) blocker or a gastric motility agent 
such as metoclopramide, or both, should be considered as well.

Oropharyngeal edema and narrowing of the opening of the 
glottis are common in pregnancy and can affect the safe access 
to the airway in a pregnant patient, especially in an emergency 
situation. The Mallampati airway examination is often used 
to assess the airway and predict the degree o f difficulty o f 
intubation, with progression from low-risk airways (class I) 
to high-risk airways (class IV; Fig. 25 -1).29 A 34%  increase in

FIG 25-1 Mallampati airway classifications with corresponding laryngo- 
scopic view of the vocal cords. (Modified from Hughes SC, Levinson, 
G, Rosen MA [eds], Shnider & Levinson's Anesthesia for Obstetrics, 
4th ed. Philadelphia, Lippincott Williams & Wilkins, 2002.)

the frequency o f class IV Mallampati airways is seen at term 
compared with the first trimester.30 These changes are more 
pronounced in the third trimester, in obese women, and in 
women with preeclampsia.

One of the most significant physiologic phenomena in preg
nancy is related to aortocaval compression by the gravid uterus, 
especially in the supine position. In the latter half of pregnancy, 
this leads to a decreased preload and cardiac output with a 
resultant decrease in uterine and placental perfusion. In addi
tion, venous stasis in the lower extremities increases the risk for 
venous thromboembolism. Thus it is essential for pregnant 
women who undergo a surgical procedure to be positioned with 
a lateral tilt to relieve some of this compression by displacing 
the gravid uterus to the side. This can often be accomplished by 
placing a wedge under the right hip.

NONOBSTETRIC SURGERY AND 
PREGNANCY OUTCOME
The largest study to explore pregnancy outcomes in women 
undergoing nonobstetric surgery was based on the Swedish Birth 
Registry. Mazze and Kallen26 identified 5405 nonobstetric sur
geries from more than 720,000 births between 1973 and 1981, 
a prevalence of 0.75%. The nonobstetric surgeries included 
1331 abdominal surgeries, 1008 genitourinary or gynecologic 
procedures, and 868 laparoscopies. Out of 2929 procedures 
(54% of all cases) performed under general anesthesia, the type 
of anesthesia was documented for only 68% of cases. The authors 
found no increased risk for congenital malformations or still
birth compared with a control population. However, the rates 
of low birthweight (<2500 g) and very low birthweight 
(<1500 g) were significantly higher in the surgical group, with 
odds ratios of 2.0 and 2.2, respectively. The authors noted that 
the observed reduced birthweight was due to both fetal growth 
restriction and prematurity. The incidence of preterm birth was 
increased in the surgery group (7.5% vs. 5.1%; P  <.001). 
Another significant finding was an increased rate of neonatal 
death within 7 days (incidence, 1%; odds ratio [OR], 2.1; 95% 
confidence interval [C l], 1.6 to 2.7). However, it is difficult to 
separate the multiple confounding factors that could potentially 
play a causative role in the development of these adverse
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554 Section V Complicated Pregnancy

pregnancy outcomes, such as type of operation, anesthesia 
method, and underlying indication for surgery. Because the 
authors did not identify a specific surgical procedure or mode 
of anesthesia that had a significantly increased rate of adverse 
outcome, they concluded that the underlying condition that led 
to the surgery likely played an important role in determining 
the outcome.

Cohen-Kerem and coworkers27 reviewed the literature from 
1966 to 2002 and identified 12,452 pregnancies that underwent 
nonobstetric surgery. The incidence of major birth defects was 
2%, and the rate of prematurity was 8.2%. Overall, they found 
that surgical intervention led to delivery of the fetus in 3.5% of 
cases, although they could not differentiate whether this was 
caused by the procedure itself or the underlying condition that 
necessitated surgical intervention. Although the lack of matched 
controls limits the interpretation of their data, it does support 
the conclusion that most pregnancies that undergo nonobstetric 
surgery will have favorable outcomes.

Taken together, it would seem reasonable to reassure preg
nant patients faced with the need for surgery in pregnancy 
that the rate o f adverse perinatal outcome is relatively low. 
In addition, although the risk for low birthweight, preterm 
birth, and neonatal demise may be increased, these risks may 
be associated with complications related to the underlying 
indication for surgery. In cases of semielective surgery, such as 
for an enlarged adnexal mass or refractory biliary colic, it is still 
prudent to defer surgery until after the first trimester, when the 
risk for spontaneous miscarriage is decreased and the theoretic 
concerns of teratogenicity are avoided. Similarly, surgery in the 
late-second and third trimesters may affect intraoperative visibil
ity and lead to an increased risk for preterm birth. Therefore 
the early second trimester is considered the optimal time for 
elective surgery that cannot be safely deferred until after the 
pregnancy.

FETAL MONITORING
The question of whether continuous intraoperative fetal moni
toring should be used when a pregnant woman requires nonob
stetric surgical intervention is a matter of debate.31'32 Factors in 
favor of monitoring include the potential for changes in fetal 
heart rate (FHR) and uterine activity during the surgery, the 
potential for fetal well-being to serve as an indicator of maternal 
status, and the potential to intervene in a case of persistently 
nonreassuring fetal status. On the other hand, interpretation 
of the FHR tracing may be particularly unreliable in the very 
preterm fetus. In addition, the changes in FHR tracing occasion
ally seen— such as a decreased variability and lower baseline 
heart rate— are often transient and are not necessarily an indica
tion of fetal compromise. Thus continuous intraoperative fetal 
monitoring may lead to an unnecessary emergent cesarean deliv
ery with significant risk for both maternal and neonatal morbid
ity. Furthermore, performing an emergent cesarean delivery can 
significantly complicate the nonobstetric surgery being con
ducted and has the potential to significantly increase maternal 
morbidity. A recent survey of the Association of Professors of 
Gynecology and Obstetrics (APGO) found that most respon
dents do not routinely perform intraoperative fetal monitoring 
but simply monitor the fetus before and after the procedure.33 
Accordingly, the American College o f Obstetricians and 
Gynecologists (ACOG) recommends that at a minimum, 
fetal monitoring should be conducted before and after the

procedure in cases with a viable fetus. However, in select 
cases, intraoperative monitoring may be performed after 
consultation with an obstetrician who can properly counsel 
the pregnant woman facing surgery and individualize the 
decision based on factors such as gestational age, type of 
surgery, and facilities available.34,35

LAPAROSCOPY IN PREGNANCY
Although the safety of laparoscopy in pregnancy is widely 
accepted, several important considerations specific to pregnancy 
must be considered. Pneumoperitoneum further decreases func
tional residual capacity and can cause ventilation-perfusion mis
match and hypercapnia. These effects can be further exacerbated 
by Trendelenburg positioning. Bhavani-Shankar and colleagues36 
prospectively demonstrated that end-tidal carbon dioxide pres
sures correlate well with arterial PCO2 and that maintaining an 
end-tidal CO 2 of about 32 mm Hg and a systolic blood pressure 
within 20% of baseline was effective in preventing respiratory 
acidosis during laparoscopy. Once again, a left lateral maternal 
position is essential to displace the gravid uterus and helps to 
relieve aortocaval compression and also optimizes cardiac output.

The intraabdominal pressure required to obtain adequate 
laparoscopic visualization during surgery can have signifi
cant physiologic effects for both the pregnant woman and 
the fetus. Early animal studies showed that cardiac output 
decreases with increasing intraperitoneal pressure. Reedy and 
colleagues37 performed laparoscopic baboon studies and com
pared intraabdominal pressures of 10 and 20 mm Hg. At the 
higher pressure, a significant increase was seen in pulmonary 
capillary wedge pressure, central venous pressure, pulmonary 
artery pressure, and peak airway pressure. In addition, a signifi
cant increase in ventilator rate was required to maintain oxygen
ation and end-tidal CO2. A pressure of 20 mm Hg was also 
associated with an increased risk for respiratory acidosis. Similar 
studies have shown significant changes in both maternal and 
fetal physiology at pressures greater than 15 mm Hg. 36 There
fore although lower insufflation pressures may lead to limited 
surgical visualization, it is important to try and keep insufflation 
pressures below 15 mm Hg. If higher pressures are required to 
safely complete the procedure, it would be advisable to periodi
cally release the pneumoperitoneum to allow for physiologic 
recovery. This is particularly important in obese patients, who 
often require higher pressures to counteract the weight of the 
anterior abdominal wall. Although various techniques, such as 
gasless laparoscopy38,39 and mechanical lift retractors,40 have 
been proposed to avoid high intraabdominal pressures during 
laparoscopy, they are not widely utilized.

Laparoscopic Entry Techniques in Pregnancy
Although the conventional entry approach has been using a 
Veress needle, a variety of other closed and open techniques have 
been proposed in an effort to decrease the incidence of entry 
complications in nonobstetric laparoscopic procedures. However, 
review of the literature fails to support a significant difference 
in complications between the various approaches.41’42 Nonethe
less, accidental placement of a Veress needle into a 21-week 
uterus with subsequent pneumoamnion and pregnancy loss has 
been reported.43 Thus it may be prudent to use an open approach 
in the latter half of pregnancy. The Society of American Gastro
intestinal and Endoscopic Surgeons (SAGES) guidelines support 
laparoscopic entry with any technique provided that the location
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Chapter 25 Surgery During Pregnancy 555

of the entry is adjusted to account for the gravid uterus (Box 
25-1).44 Procedures performed in the later stages of pregnancy 
may require a left upper quadrant insertion of the initial trocar. 
The upper lim it of gestational age up to which a laparoscopic 
approach can be performed safely in pregnancy has not been 
determined. Concerns related to the space occupied by the 
gravid uterus have led some to recommend that laparoscopy 
be avoided in the third trimester.45 However, current practice 
guidelines do not impose such a lim itation, and the decision 
regarding the optimal surgical approach should therefore be 
individualized.4’

Laparoscopy and Pregnancy Outcome
Laparoscopy has become increasingly prevalent in both pregnant 
and nonpregnant populations. The minimally invasive nature of 
laparoscopy allows for an easier recovery with less pain, earlier 
return of bowel function, and shorter hospital stay. Furthermore, 
earlier postoperative ambulation helps reduce the potential for 
venous stasis and deep venous thrombosis, which is especially 
important in a pregnant population already at increased risk for 
such complications.

The safety of laparoscopy in pregnancy is supported by the 
analysis of the Swedish Birth Registry. Reedy and coworkers46 
compared fetal outcomes of 2181 pregnancies that underwent 
laparoscopy between 4 and 20 weeks’ gestation to 1522 pregnan
cies that underwent laparotomy. No differences were noted in 
any of the fetal outcomes considered. Several other series have 
further supported the safety of laparoscopy in pregnancy.47"52 
Nevertheless, several reports and case series have been published 
that raise concerns over the possible increased risk for adverse 
outcomes when laparoscopy is performed during pregnancy.53

Walsh and coworkers54 performed a systematic review of 
the literature and concluded that an open appendectomy may 
be safer than a laparoscopic approach when managing appendi
citis. This conclusion was based on the 5.8% incidence of fetal 
loss following a laparoscopic appendectomy compared with a 
3.1% incidence reported after open appendectomy (P = .001). 
However, multiple potential confounders— such as severity of 
the appendicitis, gestational age at the time of surgery, back
ground rate of miscarriage, and reporting bias— may have sig
nificantly affected their results. Furthermore, open appendectomy 
was associated with a significant increase in preterm delivery 
(8.1% vs. 2.1% ; P < .0001). In summary, no definitive data 
support a significantly increased risk for adverse pregnancy 
outcome using the laparoscopic approach for appendectomy 
during pregnancy.

McGory and colleagues’5 identified more than 3000 cases of 
appendectomy in pregnancy using the California Inpatient File 
and found that after controlling for several potential confound
ers, laparoscopic appendectomy was associated with an increased 
risk for fetal loss compared with open appendectomy (OR, 2.31; 
95% C l, 1.51 to 3.55). However, the gestational age at the time 
of surgery was not available. Furthermore, they defined fe ta l loss 
as the presence of a diagnosis code for spontaneous abortion or 
intrauterine death or o f a procedure code for a dilation and 
curettage associated with the same hospital admission as the 
appendectomy. The limitations and potential inaccuracies of this 
method of data collection must be considered.

Finally, in the largest review and meta-analysis to date of 
laparoscopic versus open appendectomy in pregnancy, which 
involved a review of 11 studies with a total of 3145 patients, the 
rate of fetal loss with the laparoscopic approach was almost two

BOX 25-1 RELEVANT GUIDELINES FOR LAPAROSCOPY 
IN PREGNANCY FROM THE SOCIETY OF AMERICAN 
GASTROINTESTINAL AND ENDOSCOPIC SURGEONS

• D iagnostic laparoscopy is safe and effective w hen used 
selectively in the w orkup and trea tm ent o f acute 
abdom inal processes in pregnancy.

• Laparoscopic trea tm ent o f acute abdom inal processes 
has the sam e indications in pregnant and nonpregnant 
patients.

• Laparoscopy can be safely perform ed during any  
trim ester of pregnancy.

• Gravid patients should be placed in the left lateral 
recum bent position to m inim ize com pression o f the vena  
cava and the aorta.

• Initial access can be safely accom plished w ith  open  
(Hassan), Veress needle, or optical trocar technique if the  
location is adjusted according to fundal height, previous  
incisions, and experience of the surgeon.

• CO2 insufflation o f 10 to 15 m m  Hg can be safely used 
fo r laparoscopy in the pregnant patient. Intraabdom inal 
pressure should be sufficient to a llow  fo r adequate  
visualization.

• Intraoperative CO2 m onitoring by capnography should  
be used during laparoscopy in the pregnant patient.

• In traoperative and postoperative pneum atic com pression  
devices and early postoperative am bulation are 
recom m ended prophylaxis fo r deep venous throm bosis  
in the gravid patient.

• Laparoscopic cholecystectom y is the trea tm ent of choice 
in the pregnant patient w ith gallb ladder disease 
regardless of trim ester.

• Laparoscopic appendectom y m ay be perform ed safely in 
pregnant patients w ith suspicion of appendicitis.

• Laparoscopic adrenalectom y, nephrectom y, and 
splenectom y are safe procedures in pregnant patients  
w hen indicated, and standard precautions are taken.

• Laparoscopy is safe and effective treatm ent in gravid  
patients w ith sym ptom atic  adnexal cystic masses. 
O bservation is acceptable for all other adnexal cystic 
lesions provided ultrasound is not w o rrisom e for 
m alignancy and tu m o r m arkers are norm al. Initial 
observation is w arranted  fo r m ost adnexal cystic lesions 
sm aller than 6 cm.

• Laparoscopy is recom m ended fo r both diagnosis and  
trea tm ent o f adnexal torsion unless clinical severity  
w arrants laparotom y.

• Fetal heart m onitoring should occur before and after 
operation in the setting of urgent abdom inal surgery  
during pregnancy.

• Obstetric consultation can be obtained before and after 
operation based on the acuteness o f the patient's  
disease, gestational age, and availability  of the  
consultant.

• Tocolytics should not be used prophylactically but 
should be considered perioperatively, in coordination  
w ith  obstetric consultation, w hen signs of preterm  labor 
are present.

From Yumi H; Guidelines Committee o f the Society of American Gastro
intestinal and Endoscopic Surgeons. Guidelines for diagnosis, treatment, 
and use o f laparoscopy for surgical problems during pregnancy. Surg 
Endosc. 2008;22:849-861.
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Reference Relative risk (Cl) Weight (%)

Curet et al.106 

Gurbuz and Peetz107 

Affleck et al.108 

Conron et al.109 

Lyass et al.110 

Carver et al.111 

McGory et al.55 

Upadhyay et al.112 

Kirshtein et al.113 

Corneille et al.114 

Sadot et al.51

Overall (I2 =0.0%, P =  .992)

1.60 (0.04, 68.53) 0.98

0.83 (0.02, 34.94) 0.99

0.95 (0.02, 45.51) 0.92

0.77 (0.02, 35.51) 0.94

1.00 (0.02, 46.40) 0.94

3.33 (0.17, 63.51) 1.59

2.08 (1.40, 3.09) 87.65

0.60 (0.02, 23.07) 1.04

0.83 (0.06, 12.35) 1.89

0.59 (0.03, 10.45) 1.66

1.21 (0.05, 28.35) 1.39

1.91 (1.31, 2.77) 100.00

0.01

Favors LA

0.5 1

Relative risk

10 30 70

Favors OA

FIG 25-2 Meta-analysis of pregnancy outcome. Fetal loss after laparoscopic appendectomy (LA) versus open appendectomy (OA). Cl, confidence 
interval. (From Wilasrusmee C, Sukrat B, McEvoy M, Attia J, Thakkinstian A. Systematic review and meta-analysis of safety of laparoscopic 
versus open appendicectomy for suspected appendicitis in pregnancy. Br J Surg. 2012;99:1470-1478.)

times greater than in cases of open appendectomy. No significant 
differences were observed between the groups in the rate of 
preterm delivery, Apgar score, or wound infection after surgery 
(Fig. 25-2). Although the results of this meta-analysis should be 
interpreted with caution because most studies reviewed were 
observational, the significantly higher rate of fetal loss associated 
with laparoscopy warrants caution and further study. 6 In con
clusion, i f  a laparoscopic procedure is considered in preg
nancy, the SAGES practice guidelines should be used until 
further recommendations are made by national societies 
based on new data (see Table 24-3).44

ADNEXAL MASSES IN PREGNANCY
The increased use of prenatal ultrasound, the high prevalence of 
physiologic cysts related to ovulation, and the use of ovulation 
induction in the treatment of infertility make the evaluation of 
an adnexal mass in pregnancy commonplace in obstetric prac
tice. The reported prevalence of adnexal masses in pregnancy 
ranges from less than 1% to 25% and is dependent on a variety 
of factors, such as gestational age and the criteria used to char
acterize an adnexal finding as a mass rather than a simple ovarian 
follicle.17

Fortunately, most adnexal masses encountered in preg
nancy are benign and spontaneously resolve during the 
course o f pregnancy. In fact, rates o f spontaneous resolution 
have been reported to be as high as 72%  to 96%. Most of 
these cysts are simple follicular cysts— thin-walled, unilocular 
cysts that contain anechoic fluid. Alternatively, a corpus luteum 
cyst may develop that contains varying amounts of hemorrhage 
within the thick-walled and unilocular cyst (Fig. 25-3). These 
are also benign and transient findings, which generally resolve 
by the second trimester and rarely require further surveillance.

In women who have undergone ovulation induction for the 
treatment of infertility, thin-walled multicystic ovaries that 
contain anechoic fluid and lack internal septations or papillae 
may be encountered. These usually resolve during the course of 
the pregnancy, although they can cause patient discomfort if 
they are particularly enlarged (see Fig. 25-3). Theca lutein cysts 
are multicystic ovarian masses related to significant elevations 
of (3-human chorionic gonadotropin, such as in gestational 
trophoblastic disease and multiple gestation. They appear as 
thick-walled multicystic masses with no papillae. Although they 
generally contain anechoic fluid, internal hemorrhage can occur, 
especially in large masses (see Fig. 25-3). These usually persist 
throughout the gestation, although they generally resolve on 
their own postpartum (see Fig. 25-3, E).

Although most benign masses encountered in pregnancy are 
physiologically related to the gestation, it is not uncommon to 
incidentally detect other benign ovarian masses, such as mature 
cystic teratomas (i.e., dermoid cysts), cystadenomas, or endome- 
triomas. Dermoids can contain a variety of tissue types and have 
a variable appearance on ultrasound. Often, a hyperechoic area 
known as a Rokitansky tubercle can help confirm the nature of 
these masses, which are benign and persist throughout the preg
nancy. Fortunately, malignant degeneration is exceedingly rare, 
especially in women of childbearing age, therefore increased 
surveillance and surgical intervention are rarely necessary in an 
asymptomatic woman. As with all sizable masses, the patient 
should be counseled about the risk for ovarian torsion and must 
be educated about the typical presenting symptoms. Cystadeno
mas often contain thin internal septations and may exhibit a 
small mural nodule (Fig. 25-4, B). These masses are generally 
hypovascular and may contain anechoic fluid (serous cystadeno
mas) or fluid with low-level echoes (mucinous cystadenomas (see 
Fig. 25-4, Q . Endometriomas, benign ovarian masses that
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Chapter 25 Surgery During Pregnancy 557

FIG 25-3 A  and B, Variable appearance of a corpus luteum. The layered echogenicity represents hemorrhage within the cyst. Circumferential 
vascularity on power Doppler imaging is a typical finding. C, A theca lutein cyst is seen as a thick-walled and multiloculated cyst with anechoic 
fluid. D, Typical appearance of a stimulated ovary with multiple follicular cysts after infertility treatment. E, Bilateral theca lutein cysts at time 
of cesarean delivery. (D, From Schwartz N, Timor-Tritsch IE, Wang E. Adnexal masses in pregnancy. Clin Obstet Gynecol. 2009;52:570-585.)
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558 Section V Complicated Pregnancy

FIG 25-4 A , Dermoid cyst with heterogeneous contents and a typical Rokitansky nodule (arrow). B, Benign serous cystadenoma presenting 
as an anechoic cyst with a small mural nodule. C, This cystic mass with thin internal septations was shown to be a mucinous cystadenoma.
D, Endometriomas often present as cystic masses that contain homogeneous low-level echoes. (From Schwartz N, Timor-Tritsch IE, Wang E. 
Adnexal masses in pregnancy. Clin Obstet Gynecol. 2009;52:570-585.)

contain ectopic endometrial tissue, most often display a charac
teristic appearance with diffuse, low-level echoes (see Fig. 25-4,
D). Affected patients often have a history of endometriosis or 
dysmenorrhea. These masses generally persist throughout preg
nancy without a significant change in size. Occasionally, an 
endometrioma can undergo decidualization during pregnancy 
as the endometrial tissue responds to the hormonal changes. In 
these cases, the mass may appear heterogeneous with increased 
vascularization and papillary projections, sharing many of the 
sonographic features of an ovarian malignancy (Fig. 25-5). A 
known history of an endometrioma before pregnancy may be 
helpful in differentiating this mass from a malignancy, but close 
surveillance and thorough patient counseling are necessary.

Although most adnexal masses encountered in pregnancy 
are benign, the rare possibility o f malignancy should not be 
discounted. In fact, between 1%  and 3% o f masses removed 
in pregnancy are found to be malignant.58'59 However, these 
data are confounded by the indication for surgery and likely 
represent a high-risk group of patients. In the largest series of 
adnexal masses in pregnancy, Leiserowitz and coworkers58 identi
fied 9375 adnexal masses associated with pregnancy, of which

87 (0.93%) were found to be malignant. In their population, 
the incidence of ovarian cancer was 1 per 56,000 deliveries. An 
additional 115 cases (1.25%) were found to be borderline 
tumors. Taken together, the prevalence of clinically significant 
ovarian tumors was 1 in 23,800 deliveries. In addition to being 
extremely rare, ovarian cancer in pregnancy is associated with 
more favorable characteristics, such as lower stage and a higher 
proportion of germ cell tumors (see Chapter 50).58,59 This is 
likely because of the younger patient population and the inci
dental detection of these masses in asymptomatic women.

Although other imaging modalities, such as MRI, may be 
helpful in some cases— for example, when a thorough evaluation 
of the mass is difficult because of the gravid uterus— ultrasound 
examination remains the diagnostic tool of choice when evaluat
ing the adnexa. Several sonographic features have been associ
ated with an increased risk for malignancy, such as size 
greater than 7  cm, heterogeneity with solid and cystic com
ponents, papillary excrescences or mural nodules, thick 
internal septations, irregular borders, increased vascularity, 
and low-resistance blood flow. However, the specificity of any 
of these findings remains limited, and no single high-risk feature
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FIG 25-5 A  and B, Complex and heterogeneous mass with thickened septations and increased vascularity in a patient with a known endome- 
trioma. The sonographic features were suspicious for malignancy, which led to surgical excision in the second trimester. Pathology showed it 
to be a decidualized endometrioma. C and D, A similar-appearing heterogeneous mass with increased vascularity. This was also excised and 
was shown to be a stage I cystadenocarcinoma. (From Schwartz N, Timor-Tritsch IE, Wang E. Adnexal masses in pregnancy. Clin Obstet 
Gynecol. 2009;52:570-585.)

is pathognomonic for malignancy. For example, in a retrospec
tive review of 126 pregnancies with a persistent ovarian mass of
5 cm or more, 69 of which underwent surgical excision during 
or after pregnancy, no cases of malignancy were reported.60 
Rather, overall pattern recognition by experienced sonographers 
is likely the most accurate diagnostic approach.61-63 Surgical 
resection may become necessary when the degree of suspicion is 
high.

Another potential complication o f an adnexal mass is 
ovarian torsion, which is estimated to occur in up to 7% of 
adnexal masses in pregnancy; 60%  o f torsions occur in the 
first trimester.64'65 Concern for this complication often leads to 
the recommendation to electively resect masses in pregnancy. 
However, Lee and colleagues64 compared 36 cases of emergency 
surgery for torsion in pregnancy with 53 cases of electively 
removed adnexal masses and found no difference in pregnancy 
outcomes, which indicates that reserving intervention for acute 
torsion may not necessarily put the patient at increased risk for 
complications. Thus because nonobstetric surgery in pregnancy 
is not without risk, preventive surgical intervention may not be

appropriate in most cases. Rather, patients with persistent 
adnexal masses in pregnancy should be counseled about the 
signs and symptoms o f ovarian torsion, with surgical resec
tion reserved for symptomatic patients and those in whom 
there is a suspicion o f malignancy.

When ovarian torsion is confirmed during surgery, a ques
tion exists as to whether detorsion plays a role in ovarian con
servation when no extensive necrosis is apparent (Fig. 25-6). 
Some evidence lends support to this approach in nonpregnant 
women.66-68 Although pregnancy data are more limited, 
several reports are available o f successful management 
of ovarian torsion in pregnancy with preservation o f the 
ovary.69-71 However, a case of ovarian necrosis that required a 
repeat operation 2 days after a detorsion in pregnancy has also 
been noted. 2 In addition, the potential for recurrence must be 
taken into account when deciding to preserve the twisted ovary. 
Some authors recommend performing an oophoropexy to sta
bilize the ovary in the hope of minimizing recurrence, although 
this cannot be recommended as a routine approach. If a discrete 
ovarian cyst or mass is noted, excision of the mass should reduce
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FIG 25-6 Intraoperative photograph of an ovarian torsion at 11 weeks’ 
gestation. A 9-cm adnexal mass (upper left) was torsed around an 
edematous vascular pedicle. The mass was removed by laparotomy 
because of concern for necrosis of the fimbria [asterisk). The normal- 
appearing left ovary and tube are seen on the right; the gravid uterus 
is in the center. Pathology confirmed a dermoid cyst with areas of 
necrosis. (Courtesy Stephanie Jean, MD.)

the chance of recurrence, especially if  there is any concern for 
potential malignancy. Ultimately, the decision to untwist and 
preserve the torsed ovary should be individualized based on 
intraoperative findings and risk factors for recurrence.

Overall, when presented with an adnexal mass that requires 
surgical resection, the decision to proceed with laparoscopy or 
laparotomy is based on the same approach taken outside of 
pregnancy. Laparoscopy has been shown to be a safe and effective 
method to remove adnexal masses in pregnancy,73 75 although 
laparotomy may be preferred in certain scenarios, such as in 
patients with prior abdominal surgeries or large masses and in 
those who present late in pregnancy, when visualization may be 
compromised. In general, although some have reported the safe 
aspiration of large simple cysts in pregnancy, this method runs 
the risk for leakage of cyst contents into the abdomen, which 
would be especially harmful if  an unsuspected malignancy were 
present. In addition, cytologic analysis of the cyst contents may 
not be an accurate method to determine the pathology of the 
mass.76 For this reason, cyst aspiration cannot be considered a 
standard approach for managing adnexal masses in pregnancy. 
Regardless of the surgical approach, it is important to remember 
that prior to 8 weeks’ gestation, the corpus luteum is the primary 
source of progesterone for the pregnancy. Therefore progesterone 
supplementation should be administered to women who 
undergo adnexal surgery before 8 to 10 weeks’ gestation.

OBESITY, BARIATRIC SURGERY, 
AND PREGNANCY
Maternal obesity is an increasingly common condition in preg
nancy and is discussed in greater detail in Chapter 41. In 2010, 
over a third of adults in the United States were considered 
obese.77 Obesity is associated with an increased risk for numer
ous significant medical comorbidities that include diabetes, 
hypertension, cardiac disease, and respiratory conditions. Fur
thermore, maternal obesity is an independent risk factor for

several pregnancy-related complications that include gestational 
diabetes, preeclampsia, cesarean delivery, infectious morbidity, 
and thromboembolism. An increase has also been noted in fetal 
complications such as congenital malformations, macrosomia, 
and stillbirth.78 80 Bariatric surgery is an increasingly common 
and effective treatment for obesity and has been associated 
with a significant improvement in overall health and a reduc
tion in adverse pregnancy outcomes.81 ~ For this discussion, it 
is important to review the special considerations related to 
surgery in the obese pregnant patient as well as the implications 
of prior bariatric surgery in pregnancy.

Obesity presents unique management challenges in the peri
operative period and is a risk factor for a multitude of adverse 
outcomes related to both general anesthesia and surgery.80 86 
Intubation is often more difficult in obese patients, and preop
erative assessment of the airway using the Mallampati classifica
tion is essential.87'89 Furthermore, gestational changes in 
respiratory physiology, such as a decreased functional residual 
capacity and increased work of breathing, can lead to impaired 
ventilation and an increase in adverse respiratory events in obese 
pregnant patients who undergo anesthesia. In addition, the aor- 
tocaval compression seen in pregnancy may be exacerbated by 
maternal body habitus. For these reasons, many authors recom
mend various maneuvers, such as adjusting patient positioning 
and preoperative hyperoxygenation, when caring for the obese 
patient.

Another consideration unique to obese patients undergoing 
anesthesia is related to the altered pharmacokinetics of anesthetic 
drugs and to the volume of distribution and concentration of 
lipophilic drugs in the adipose tissues. Therefore care must be 
taken when dosing anesthetic agents for the obese patient and 
when monitoring the recovery from anesthesia after surgery.90'91 
Regional anesthesia should be considered if possible to avoid 
some o f these risks, although the type o f surgery and diffi
culty accomplishing regional anesthesia may not allow for 
this approach in some cases.

Obesity is also an independent risk factor for venous 
thromboembolism in the postoperative period; therefore 
early ambulation should be encouraged. Prophylaxis with 
pneumatic compression devices should be undertaken until 
full ambulation is achieved. Subcutaneous heparin should 
also be considered. In addition, given the increased risk for 
wound infection and dehiscence in obese patients, adequate 
antibiotic prophylaxis is recommended.

Significant weight loss before pregnancy is the most effective 
means of reducing the medical risks related to obesity, including 
pregnancy-related risks.81’82 One of the most successful treat
ments for obesity is bariatric surgery, which is becoming an 
increasingly common procedure in the United States. Thus it is 
imperative for obstetric providers to be familiar with some of 
the unique concerns that arise in pregnant patients who have 
previously undergone bariatric surgery. Furthermore, clinical 
guidelines for the perioperative nutritional, metabolic, and non- 
surgical support of the bariatric surgical patient have been 
recently updated with a total of 74 recommendations.83

In general, bariatric surgery can be divided into restrictive 
procedures, such as gastric banding, and malabsorptive procedures, 
such as gastric bypass. Restrictive procedures are less invasive 
and can often be accomplished laparoscopically. This approach 
does not result in the dramatic weight reduction seen with mal
absorptive procedures, but they are associated with a lower risk 
for nutrient deficiencies and other complications related to
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malabsorption. The gastric band can be adjusted to lessen the 
degree of gastric restriction and allow for adequate food intake 
in pregnancy.

The most commonly performed malabsorptive procedure is 
the Roux-en-Y gastric bypass, in which a proximal stomach 
pouch is created and most of the stomach and proximal small 
bowel is bypassed. This often leads to rapid and significant 
weight loss, especially in the first 1 to 2 years. In fact, some 
recommend that pregnancy be delayed until 1 to 2 years after 
the procedure to avoid having rapid weight loss during preg
nancy, and thus thorough contraception counseling is impera
tive.92,93 Conception rates shortly after bariatric surgery appear 
to be increased,93,94 which may be related to poor absorption of 
oral contraceptives, resumption of regular menstrual cycles, and 
inadequate contraceptive counseling. The reduced absorptive 
capacity o f the stomach and proximal small bowel often leads 
to deficiencies in several essential nutrients, including iron, 
vitamins Bl2 and D, folate, and calcium. Unfortunately, 
long-term compliance with vitamin supplementation is poor 
among bariatric surgery patients.95 96 Obtaining a baseline 
evaluation o f these nutrients before conception or early in 
pregnancy is recommended. In addition, consultation with a 
nutritionist should be considered.

Although no evidence suggests that pregnancy increases the 
risk for postoperative complications related to prior bariatric 
surgery, these problems may occur during gestation.98'99 It 
is important, therefore, for obstetric providers to be familiar 
with the possible complications so that the bariatric surgeon 
can be notified. Some known complications include anasto
motic leaks, bowel obstruction, internal hernias, and erosion 
or migration of gastric bands. Many o f these complications 
first manifest with symptoms commonly experienced during 
normal pregnancy—such as nausea, vomiting, and abdomi
nal discomfort— so the potential exists for accurate diagnosis 
of these complications to be delayed in a pregnant patient, 
and maternal deaths have been reported.1""1111 Therefore clini
cians should have a high degree of suspicion when these patients 
present with significant abdominal complaints.97 Another com
plication that can be encountered in pregnant patients with a 
history of malabsorptive bariatric surgery is dumping syndrome, 
in which the consumption of simple sugars can lead to signifi
cant fluid shifts into the small intestine, causing cramping, 
nausea, vomiting, and diarrhea. In severe cases, the patient can 
become tachycardic and diaphoretic and may complain of pal
pitations. Consideration should be given to monitoring mater
nal blood glucose levels because hypoglycemia can result from 
the relative hyperinsulinemia observed in pregnancy. Patients 
sensitive to sugar intake may not tolerate the glucose load used 
to test for gestational diabetes. Having the patient monitor 
fasting and postprandial glucose levels for 1 to 2 weeks may be 
a reasonable screening approach in sensitive patients.102

Overall, bariatric surgery and successful weight loss may 
improve pregnancy outcomes by reducing some of the medical 
complications seen with morbid obesity. However, in the largest 
population-based matched cohort study done in Sweden,103 
bariatric surgery was associated with a greater risk for preterm 
birth, both spontaneous and medically indicated (OR, 1.7; 95% 
C l, 1.4 to 2.0) and a greater risk for infants who are small for 
gestational age (OR, 2.0; 95% C l, 1.5 to 2.5) compared with 
control patients starting pregnancy with a body mass index 
(BMI) below 35. This large population study did not address 
the reason for these differences, but a micronutrient deficiency

can be speculated to be a contributing factor. A more recent 
study of the Swedish Medical Birth Register of 670 pregnancies 
after bariatric surgery noted a decreased risk for gestational 
diabetes and infants large for gestational age in these patients.104 
W ith the increasing prevalence o f surgical treatment of 
obesity among young women, clinicians should familiarize 
themselves with some o f the unique concerns that arise when 
managing these patients during pregnancy, and they should 
educate and monitor such patients for potential preterm 
delivery and intrauterine growth restriction (IUGR).

CARDIAC SURGERY IN PREGNANCY
As mentioned above, cardiac comorbidities are increasingly 
common in pregnancy. M any diagnostic and therapeutic proce
dures are minimally invasive and can be safely performed in 
pregnancy when indicated with attention to minimization of 
fetal radiation exposure during fluoroscopy. However, invasive 
cardiac procedures that require cardiopulmonary bypass repre
sent a unique clinical scenario because the profound changes in 
maternal perfusion can impact fetal oxygenation. Nonpulsatile 
blood flow, low perfusion pressures and pump flow, hypother
mia, and acid-base disturbances are all critical factors that can 
affect fetal well-being. Optimizing each of these variables may 
help lim it the fetal risk during these procedures. In fact, cardio
pulmonary bypass may be a circumstance in which continuous 
intraoperative fetal monitoring can help optimize perfusion to 
the benefit of both mother and fetus.105

NEUROSURGERY IN PREGNANCY
Neurosurgical anesthesia often involves several techniques aimed 
at regulating cerebral blood flow, but these may also impact 
uteroplacental perfusion. For example, controlled hypotension 
can lead to reduced placental perfusion and transient FHR 
abnormalities. Similarly, whereas pregnancies can usually toler
ate hypothermia, hyperventilation, and diuresis, potential fetal 
effects cannot be disregarded.104 In most cases, maternal health 
should be the primary focus and should supersede potential fetal 
effects. Nonetheless, a basic understanding of these effects can 
help the obstetrician guide the surgical and anesthesia teams 
caring for the patient.

KEY POINTS

Care of the pregnant surgical patient requires a mul
tidisciplinary approach with an understanding of the 
physiologic changes that accompany normal pregnancy. 
Expansion of maternal blood volume during pregnancy 
may mask signs of maternal hemorrhage, and clinically 
significant blood loss can occur before hemodynamic 
changes are evident.
Delay in surgical intervention can result in increased 
maternal and fetal morbidity and mortality, which 
significantly increases the risk for preterm labor and 
fetal loss.
Diagnostic doses of radiation (<5 cGy) from radio
graphs and CT scans are unlikely to pose any significant 
harm to the developing fetus. MRI and ultrasound can
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be safely used when appropriate to further minimize 
radiation exposure.

♦ No significant increased risk is apparent for congenital 
malformations in women who require nonobstetric 
surgery during pregnancy. Although the risk for preterm 
birth, low birthweight, and neonatal death may be 
increased, this may be due to the underlying illness 
rather than the surgical procedure.

♦ Although laparoscopy as a first approach to abdominal 
surgery in pregnancy seems reasonable, its safety con
tinues to be studied. Abdominal insufflation pressures 
should be kept below 15 mm Hg whenever possible, 
and the SAGES guidelines should be followed. The use 
of a laparoscopic approach in the latter stages of preg
nancy should be individualized based on indications 
and experience of the surgeon.

♦ Adnexal masses are commonly encountered in preg
nancy, although most ovarian masses are benign. Preg
nant women diagnosed with an adnexal mass should be 
counseled about the signs and symptoms of ovarian 
torsion. Surgical resection can generally be reserved for 
symptomatic women or for masses suspicious for 
malignancy.

♦ Data are lacking to recommend routine continuous fetal 
heart rate monitoring during surgery in pregnant 
women. In most cases, preoperative and postoperative 
FHR monitoring is appropriate.

♦ Preoperative corticosteroid administration to promote 
fetal lung maturity should be based on gestational age 
and the nature and risks of the planned surgery.

♦ Thromboembolic prophylaxis with pneumatic compres
sion devices should be considered for all gravid surgical 
patients.

♦ Obesity presents unique management considerations 
during the perioperative period, most notably related to 
anesthesia risk, intraoperative risk, antibiotic prophy
laxis, and thromboembolic prophylaxis. Early ambula
tion should be encouraged. If early ambulation is not 
possible, subcutaneous heparin prophylaxis should be 
considered.

♦ Bariatric surgery with subsequent weight loss may 
reduce the risk for medical complications in pregnancy. 
However, it may increase the risk for preterm delivery 
and intrauterine growth restriction. Women who have 
undergone bariatric surgery should be evaluated for 
nutritional deficiencies.

♦ The gravid patient with a history of bariatric surgery 
who presents with vague abdominal complaints should 
be critically evaluated because delay in diagnosis of 
internal hernias, bowel obstruction, or anastomosis 
leaks can often lead to catastrophic events.
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INCIDENCE OF TRAUMA IN PREGNANCY
Because o f underreporting, the actual incidence o f trauma 
during pregnancy is unknown. However, traumatic injury 
has been reported to complicate 6% to 8% o f all pregnancies 
and is the leading cause o f nonobstetric maternal death.' ’
Approximately 30,000 pregnant women in the United States 
sustain treatable injuries each year as a result of trauma.

Worldwide, trauma is responsible for at least 1 million deaths 
annually and is the leading cause of death in individuals under 
40 years of age in the United States.4

The risk of maternal death is related to injury severity. In a 
large California database study of women hospitalized for trauma 
between 1991 and 1997, El Kady and colleagues5 found that 
intraabdominal injuries are the most common type of injury 
leading to maternal death, and intracranial in jury resulting from 
trauma was the second most common cause of maternal death.

In addition to risk for maternal morbidity and mortality, 
traumatic injuries can have significant fetal effects that in
clude an increased risk for fetal death and other adverse 
outcomes.4 The incidence o f spontaneous abortion (SAB), 
preterm birth, preterm premature rupture o f membranes 
(PPROM), uterine rupture, cesarean delivery, placental ab
ruption, and stillbirth are all increased.

A 3-year, 16-state fetal death certificate review calculated the 
rate of fetal death from maternal trauma at 2.3 per 100,000 live 
births, and placental abruption was the leading contributing 
factor.6,7 Based on a review of Pennsylvania fetal death certifi
cates, it is estimated that motor vehicle crashes (MVCs) result in 
between 90 and 367 fetal deaths in the United States annually.6

However, because of nonstandardized reporting of fetal death 
or injury resulting from maternal trauma, the exact magnitude 
of disease burden to the fetus from trauma is believed to be 
underestimated.1 Factors associated with an increased risk for 
traumatic injury during pregnancy include young maternal age, 
African-American or Hispanic ethnicity, domestic violence, lack 
of seatbelt use, and drug or alcohol use.1,8

In 2002 in the United States, 4.1 injury-related hospitaliza
tions of pregnant women occurred per 1000 deliveries; and 
of those hospitalizations, it was estimated that 1 in 3 pregnant 
women admitted to the hospital for trauma underwent delivery 
during that hospitalization.’ Alcohol may be involved in as many 
as 45% of MVCs that involve pregnant women, and the use of 
illicit substances has been implicated frequently in maternal 
trauma during pregnancy.8

Traumatic injuries may be categorized according to type and 
include blunt trauma, penetrating trauma, fractures, and thermal 
injuries. An updated systematic review reported prevalence rates 
for the various mechanisms of trauma.10 MVCs had an estimated
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566 Section V Complicated Pregnancy

incidence of 207 per 100,000 live births,10’11 and the incidence 
of domestic violence (DV) or intimate partner violence (IPV) 
was 8307 per 100,000 live births compared with an incidence 
outside of pregnancy of 5239 per 100,000 women.10'12 Falls, 
burns, homicide, suicide, and toxic exposure are also major 
contributors to traumatic injury.10 Gunshot wounds and burns 
account for 4% and 1% of maternal trauma respectively.13 
The most common obstetric complications following maternal 
trauma are those associated with blunt trauma and include 
abruptio placentae, preterm labor, and fetal loss.14

ANATOMIC AND PHYSIOLOGIC 
CHANGES OF PREGNANCY
The importance o f maternal physiologic changes during 
pregnancy and an understanding o f fetal physiology are criti
cal to effective resuscitation o f the injured pregnant woman. 
This is especially important relative to the maternal response 
to stress and hypovolemia in the setting o f trauma. Funda
mental differences exist in the physiologic responses as a result 
of pregnancy, and a working knowledge of these differences is 
important to trauma resuscitation.

Fetal Physiology
Several factors are important in determining the impact of a 
traumatic event on pregnancy outcome. These include gesta
tional age, type and severity of trauma, and the extent of disrup
tion of normal maternal and fetal physiology.1316

In the first week following conception, the nonimplanted 
embryo is relatively resistant to noxious stimuli. During the first 
trimester, the uterus resides relatively safely within the confines 
of the bony pelvis and has reached just above the pubic symphy
sis by 13 to 14 weeks’ gestation. As such, the uterus is protected 
to a large degree from direct trauma. At any gestational age 
after implantation, however, maternal hypovolemia may have a 
significant impact on the developing embryo/fetus. Pregnancy 
loss in the first trimester is not likely related to direct uterine 
injury but more so from physiologic cardiovascular changes that 
occur with maternal hypovolemia and associated hypotension, 
which results in hypoperfusion of the uterus and the developing 
fetus. Uterine blood flow is not autoregulated and is maximally 
dilated in the normal physiologic state. Maternal hypovolemia 
may result in vasoconstriction in vascular beds, including the 
uterine vessels. In experimental hypovolemic shock, pregnant 
sheep will decrease uterine blood flow at rates greater than would 
be expected with a decrease in maternal blood pressure alone. 
Even in the absence of uterine artery vasoconstriction, decreases 
in maternal blood pressure as a result of hypovolemia will result 
in decreased uterine blood flow. These phenomena underlie the 
importance of maintaining adequate maternal blood volume as 
an initial step in fetal resuscitation. The third-trimester fetus can 
adapt to decreased uterine blood flow and oxygen delivery by 
redistributing blood flow to the heart, brain, and adrenal glands. 
Furthermore, because fetal hemoglobin has a greater affinity for 
oxygen than adult hemoglobin, fetal oxygen consumption does 
not decrease until oxygen delivery is reduced by 50% .17

The leading cause o f blunt abdominal trauma in pregnancy 
is motor vehicle accidents. Penetrating trauma is typically the 
result of gunshot and stab injuries. Both blunt and penetrating 
trauma may result in rupture of the amniotic membranes. In the 
mid second trimester, rupture with oligohydramnios may result 
in pulmonary hypoplasia or orthopedic deformity. Injury to the

placenta may precipitate placental abruption and lead to fetal 
anemia, hypoxemia, or hypovolemia. Maternal mortality risk 
with penetrating trauma is more favorable than with blunt 
trauma because nonreproductive viscera are provided some 
protection by the gravid uterus, which absorbs the projectile 
objects.18,19

Maternal Anatomic and Physiologic Changes
Nearly every maternal organ system undergoes anatomic or 
physiologic changes during pregnancy. The description that 
follows emphasizes consideration of these changes that affect 
trauma management.

A major concern in the management of trauma victims is 
internal hemorrhage and hypovolemia. The sentinel findings on 
examination are vital sign abnormalities, typically hypotension 
and tachycardia. Consideration should be given to the normal 
decrease in systemic vascular resistance that results in a decrease 
in mean blood pressure of 10 to 15 mm Hg and an increase in 
pulse of 5 to 15 beats/min, particularly in the second trimester. 
These changes can be accentuated if  the trauma victim is placed 
in the supine position (e.g., strapped to a long board to secure 
the cervical spine). The resultant potential decrease in venous 
return from the lower extremities can reduce central venous 
volume and result in a diminished cardiac output by as much 
as 30%. Simple manual displacement of the uterus to the left 
or placement of a rolled towel under the backboard while ensur
ing that the spine remains secure alleviates most of this effect.

Blood volume increases by a mean of 50% in the singleton 
gestation. This is usually maximal by 28 to 30 weeks’ gestation. 
Red blood cell mass increases to a lesser degree than does plasma 
volume, resulting in a slight decrease in hemoglobin concentra
tion and a decrease in hematocrit. Iron-deficiency anemia is also 
common during pregnancy, and together with the normal dilu
tion, hemoglobin concentrations may often be as low as 9 to
11 g/dL. These hematologic changes have two potential implica
tions: anemia may be confused with active bleeding and hypo
volemia, and blood volume estimates should be adjusted upward 
during fluid resuscitation.

Several major pregnancy-induced changes in the gastrointes
tinal tract are also important for trauma management. Compart- 
mentalization of the bowel upward serves to protect it during 
lower abdominal trauma but increases the risk of in jury when 
penetrating trauma to the upper abdomen occurs late in preg
nancy. Complex injuries to the small bowel can be encountered 
with multiple entry and exit wounds as a result of its being 
crowded and compacted into the upper abdomen. Decreased 
gastric motility results in a prolonged gastric emptying time 
thereby increasing the risk of aspiration associated with general 
anesthesia. Rebound tenderness and guarding may be less appar
ent in later gestation because of stretching and attenuation of 
the abdominal musculature and peritoneum.

The dramatic increase in uterine blood flow, up to 600 mL/ 
min, may result in rapid exsanguination in the event o f an 
avulsion or injury to the uterine vasculature or rupture of 
the uterus. Retroperitoneal hemorrhage from remarkably 
hypertrophied pelvic vasculature is a common complication 
o f pelvic fracture.

BLUNT TRAUMA
Enlargement of the uterus makes it susceptible to direct abdomi
nal trauma. Injury to the uterus (uterine laceration or rupture),
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Chapter 26 Trauma and Related Surgery in Pregnancy 567

its contents (abruptio placentae or direct fetal injury), or adja
cent organs (bladder rupture) are more likely during pregnancy, 
especially in the second half of gestation. Although some of these 
complications are associated with more direct and violent 
trauma— for example, direct fetal injury or uterine rupture— 
some injuries, such as abruptio placentae, can occur following 
relatively minor trauma.

Blunt trauma to the maternal abdomen is an important 
cause o f abruptio placentae. This is because blunt trauma 
exposes the gravid uterus to acceleration-deceleration forces 
that have a differential effect on the uterus and the attached 
placenta. By changing its shape, the myometrial tissue can 
stretch and adapt to these forces, but the placenta is relatively 
inelastic. This mismatch between myometrial and placental 
ability to stretch creates a shearing force at the uteroplacental 
interface that, if  sufficient, can result in separation of the pla
centa from its myometrial attachments (i.e., placental abrup
tion).4 '418 Placental abruption leads to a compromise in fetal 
oxygen transfer and has the potential for fetal death depending 
on severity. Because amniotic fluid is noncompressible, impact 
against the uterine wall results in amniotic fluid displacement 
and uterine distension. As such, seemly minor or nonseverely 
injured pregnant women are at increased risk for placental 
abruption. Abruption may occur immediately after the 
abdominal impact or may be delayed for several hours 
after the trauma episode. Maternal trauma may also result 
in intramyometrial bleeding that leads to increased uterine 
contractile activity through activation of thrombin, lysosomal 
enzymes, cytokines, and prostaglandins.14 Severe blunt trauma 
may also lead to maternal splenic, hepatic, and retroperitoneal 
injuries that result in maternal hemorrhage and hemodynamic 
instability.14

Motor Vehicle Crashes
A number of human factors are related to traffic-related injuries 
and fatalities in the United States. For many reasons, drivers 
have become more distracted while driving. According to 
the National Highway Transportation Safety Administration 
(NHTSA) report for 2012, a motor vehicle crash (MVC) occurs 
every 14 seconds, an in jury every 14 seconds, and a death on 
average every 16 minutes in the United States.1' MVCs are the 
most common cause o f trauma-associated fetal loss in the 
United States. * The likelihood that an MVC will result in 
fetal loss is directly related to crash severity and to the sever
ity o f the maternal injury.4,16 For example, estimates based 
on case series would suggest that only about 1% o f minor 
MVCs will result in abruptio placentae, whereas clinically 
evident abruption occurs in as many as 40%  to 50% o f cases 
of severe blunt maternal trauma.'4 In addition, lack of seatbelt 
use has been found to be associated with fetal loss, particularly 
if  the mother has experienced ejection from the vehicle and head 
traum a.16,20 However, even a nonsevere M VC without substan
tial maternal in jury may result in placental abruption and fetal 
loss because of exposure to the shearing acceleration-deceleration 
forces described earlier.2,4,16

Falls
Because pregnancy changes the center of gravity and results in 
postural instability, loss of balance is not uncommon, and the 
likelihood of a significant fall is increased.21-23 A retrospective 
study found that as many as a quarter o f pregnant women 
experience a fall at some time during pregnancy.21 Like

MVCs, falls expose the placenta to the shearing forces associ
ated with blunt trauma. However, compared with MVCs, 
the likelihood that a fall may result in placental abruption 
and fetal death is low, accounting for only 3% o f trauma- 
associated fetal deaths in one series.6 In a more recent prospec
tive cohort study that involved 153 women who experienced 
falls during pregnancy, no instances of placental abruption were 
reported.2 Nonetheless, compared with pregnant women who 
did not experience a fall-related hospitalization during preg
nancy, women hospitalized for falls remain at increased risk for 
adverse outcomes of pregnancy. One retrospective cohort study 
of 693 women hospitalized for falls during pregnancy, most of 
whom were in the third trimester, found that these women were 
at increased risk for preterm labor, placental abruption, cesarean 
delivery, “fetal distress,” and fetal hypoxia.23

Domestic Violence and Intimate 
Partner Violence
Pregnant women are at increased risk to suffer violent assault 
compared with nonpregnant women.25 The period prevalence 
o f intimate partner violence (IPV) during pregnancy has 
been reported to range from 6% to 22%, and up to 45%  
o f pregnant women report a history o f domestic abuse at 
some time during their lifetime.25 The rates of suicide and 
homicide in pregnancy have been reported as approximately
2.0 per 100,000 and 2.9 per 100,000 live births, respectively.26 
Black women account for nearly half (44.6%) of pregnancy- 
related homicides but only 17.7% of live births, and 45.3%  were 
associated with IPV. Victims of suicide were more likely to be 
older and white, and 54.3% of pregnancy-associated suicides 
involved IPV.26 Common methods of self-inflicted attempted 
suicide are drug overdose and poisoning with a corrosive sub
stance.27 In one study,28 murder was the most frequent cause of 
death during pregnancy and in the subsequent year, and the 
majority of the perpetrators were found to be current or former 
intimate partners. This analysis o f pregnancy-associated 
homicides found that intimate partner homicides were most 
likely to occur during the first 3 months o f pregnancy. In a 
United States study, 5% o f female homicide victims were 
pregnant.21 Although domestic violence occurs in all ethnic 
and socioeconomic groups, black and Native American 
women and women from households with lower incomes are 
at increased risk.  ̂ Intentional trauma during pregnancy has a 
2.7-fold risk (95% confidence interval [C l], 1.3 to 5.7) for 
preterm birth and a 5.3-fold risk (95% C l, 3.99 to 7.3) for 
low birthweight.30 According to a California database study31 
of maternal discharge records between 1991 and 1999, assaults 
were significantly associated with uterine rupture and con
ferred significant risks for placental abruption and low birth
weight, even if the victim was not delivered during the initial 
hospitalization.

SPECIFIC INJURIES 
Fractures
Fractures are the most common type o f maternal injury 
to require hospitalization during pregnancy, and the lower 
extremities are the most common site o f fractures that com
plicate pregnancy.' Although pelvic fractures are less fre
quent than fractures o f the extremities, pelvic fractures 
are most likely to result in adverse outcomes o f pregnancy, 
including placental abruption and perinatal and infant
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FIG 26-1 The arrow points to a pelvic fracture before (A) and after (B) fixation in a pregnancy in the late third trimester that resulted in fetal 
death. (From Brown, Haywood L. Trauma in pregnancy. Obstet Gynecol. 2009; 114[1 ]: 147-160.)

mortality (Fig. 26 -1).3 Leggon and colleagues32 reported on a 
total of 101 pelvic or acetabular fractures in pregnant women, 
and the three most common reasons for injury were motor 
vehicle accidents (73%), falls (14%), and pedestrian struck by 
an automobile (13%). The overall fetal mortality rate in pelvic 
and acetabular fractures was 35% compared with 9% maternal 
mortality. Thus pelvic fractures are thought to be an indepen
dent risk factor for adverse fetal outcome.32 Pelvic fractures may 
also be associated with significant maternal hemorrhage and 
shock as a result of significant hypertrophy of the pelvic retro
peritoneal vasculature and subsequent laceration of these vessels 
because of sharp bone fragments.3 ’ Pelvic fractures may also be 
associated with bladder and urethral trauma.1 Pelvic frac
tures are not a contraindication to vaginal delivery unless the 
fracture results in obstruction o f the birth canal or if the 
pelvic fracture is unstable; more than 80% o f women who 
have sustained pelvic fractures can deliver vaginally.

Penetrating Trauma
Gunshot and stab wounds are the most frequent types of 
penetrating trauma during pregnancy.'20 Penetrating trauma 
in a pregnant woman is less likely to result in death than 
penetrating trauma in a nonpregnant individual owing to 
the protective effect o f the gravid uterus when penetrating 
wounds occur in the upper abdomen. However, penetrating 
trauma poses major risk for complex maternal bowel injury 
because o f the compartmentalization o f the bowel in the 
upper abdomen by the enlarged uterus.20 Gunshot wounds 
to the abdomen require exploratory surgery to determine the 
degree o f abdominal viscera injury and debridement of 
damaged tissues. A  stab wound in a pregnant woman should 
be managed the same as in a nonpregnant woman. Bowel 
injury with spillage of the intestinal contents increases the risk 
for peritonitis and pregnancy loss from infection. Penetrating 
trauma to the uterus is strongly associated with poor fetal 
outcome.414 Fetal death is dependent upon the degree of

placental or umbilical cord disruption. The risk of fetal death 
has been reported to be as high as 71% after gunshot wounds 
and as high as 42% following stabbings.20

Thermal Injuries (Burns)
Maternal and fetal prognosis after thermal injury is a reflec
tion o f the percentage o f body surface involved.33,34 Minor 
burns that involve 10% or less of the body surface area are 
unlikely to result in maternal or fetal compromise and do not 
always require hospitalization.14 Significant burns o f 50% or 
more o f the body surface have been associated with high 
maternal and fetal mortality.3 * In the past, delivery of the fetus 
was recommended in an attempt to improve maternal progno
sis.33 More recent studies have suggested that maternal prog
nosis after severe thermal injury is not different between 
pregnant and nonpregnant individuals.33 However, because 
of maternal physiologic changes associated with pregnancy, 
a pregnant woman with a severe burn will require more 
aggressive fluid resuscitation than a nonpregnant individual. 
Major burns may result in maternal hypovolemia and cardiovas
cular instability in addition to sepsis, respiratory distress, renal 
failure, and liver failure.14 Because of the decreased colloid 
osmotic pressure and increased body surface area associated 
with pregnancy, pregnant individuals who sustain burns are 
at risk for increased fluid loss compared with nonpregnant 
individuals.34 Preterm labor may result from maternal hypovo
lemia, which can also result in decreased uteroplacental perfu
sion. Aggressive fluid resuscitation is critical to forestall this 
complication.14,34

Individuals who suffer from major burns may also sustain 
inhalation injuries, which carry higher maternal mortality and 
fetal risk.14,35 In particular, carbon dioxide freely crosses the 
placenta and is highly bound by fetal hemoglobin, thus increas
ing the risk for fetal cardiac failure.14 Administration of oxygen 
to the mother is recommended to reduce the half-life of 
carboxy-hemoglobin.14
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Direct Fetal Injuries
Direct fetal injuries are uncommon because o f the protection 
by the uterus and amniotic fluid. Fetal injury complicates 
fewer than 1% o f pregnancies with blunt trauma36 but are 
most likely to occur with both direct and severe abdominal 
or pelvic impact and also in later pregnancy, when the fetal 
head is engaged in the maternal pelvis.4 14 Direct injury has 
been reported to result in rupture of the fetal spleen, fracture of 
the fetal skull, fetal intracranial hemorrhage, and cerebral 
edema.4 Near term the fetal head is in the maternal pelvis, 
thereby increasing the risk for fetal skull fracture and brain 
injury with maternal pelvic fractures. Blunt trauma due to vio
lence can lead directly to fetal injury.37 These injuries have been 
reported to result in long-term developmental disabilities that 
result from vascular infarctions, global cerebral damage, and 
periventricular leukomalacia.4

PATHOPHYSIOLOGY OF FETAL LOSS 
RESULTING FROM MATERNAL TRAUMA
Maternal hypotension and hypovolemia associated with trauma 
are important predictors of poor fetal outcome.6,16,20 Fetal loss 
may result from placental hypoperfusion due to maternal hem
orrhagic shock.13 In the instance of severe blood loss that results 
from maternal trauma, maternal blood is redistributed away 
from the uterus via uterine artery vasoconstriction, thereby 
allowing continued perfusion of the heart and brain. Fetal mor
tality in the setting of maternal hemorrhagic shock has been 
estimated at 80% .38

PREDICTORS OF FETAL MORTALITY
Abruptio placentae is by far the leading cause o f fetal death 
in published series and accounts for between 50% and 70%  
of all fetal losses due to trauma. ’3 Placental abruption will 
complicate about 1 % to 2% o f cases o f maternal trauma with 
low injury severity scores and up to 40%  o f severe maternal 
abdominal trauma.20 I f a placental abruption occurs, the risk 
of fetal mortality has been reported to be as high as 50% to 
80%.4 Maternal death has been reported as the next most fre
quent cause of fetal death after placental abruption, accounting 
for about 10% of losses.14 In a large California database study, 
gestational age at delivery was the strongest predictor of fetal, 
neonatal, or infant death." MVCs (82%) are the most frequent 
mechanism o f injury leading to fetal death, followed by 
gunshot wounds (6%) and falls (3%).4 In particular, lack of 
seatbelt use is a substantial risk factor for poor fetal outcome, 
morbidity, and mortality.20,39,40

Schiff and colleagues41,42 used the injury severity score to 
categorize the severity of maternal injuries. The risk for adverse 
maternal, fetal, and neonatal outcomes was greatest among the 
women with severe injuries but was also increased for women 
with m ild injuries compared with uninjured controls. They 
found that in jury severity scoring had limited predictive 
accuracy for placental abruption and fetal death and that even 
relatively minor injuries can result in these adverse fetal out
comes.4142 Because minor injuries are much more common 
than severe injuries, they are responsible for 60%  to 70%  of 
fetal losses attributable to trauma, even though a severe 
injury is much more likely to result in fetal loss than a non- 
severe injury.4

MANAGEMENT CONSIDERATIONS 
Initial Approach
The most important initial step in the management of the preg
nant trauma victim is a thorough evaluation and stabilization 
for transport to a trauma center. This initial evaluation is typi
cally provided by on-site emergency medical technicians (EMTs). 
Most EMT personnel are familiar with the designated trauma 
units in the community equipped to deal with cases of severe 
trauma. This is especially important for the pregnant trauma 
victim, for whom both maternal and fetal survival is a priority. 
The Centers for Disease Control and Prevention (CDC) has 
provided published guidelines for first responders and emer
gency medical personnel who provide care in the field to 
injured pregnant women.43 Guidelines fo r emergency medical 
personnel include displacing the uterus from the inferior vena 
cava by positioning the mother in the lateral decubitus posi
tion. i8 During the initial evaluation, the spine immobiliza
tion board may be tilted leftward by 15  degrees by placing a 
6-inch rolled towel under the long board to achieve the same 
result.3S The CDC panel recommended that i f  possible, women 
with a pregnancy o f at least 20  weeks’ gestation be transported 
to a trauma center with access to obstetric care. If a pregnant 
trauma victim must be transported to a closer facility than a 
designated trauma center because of concerns for maternal sur
vival, the emergency team at that facility must be prepared to 
make the acute management decisions, stabilize, and then trans
port to a higher level center.

Improved outcomes can be expected by following a coordi
nated approach among emergency medicine physicians, trauma 
surgeons, and obstetricians. Regardless o f gestational age, all 
pregnant women who sustain or who are suspected to have 
sustained serious injuries should be first evaluated in the 
emergency department (ED) with the principle that maternal 
well-heing is prioritized over fetal concerns. Maternal and 
fetal survival will depend on this coordinated team effort, which 
should begin as soon as the ED is notified that a pregnant 
trauma victim is being transported. Stabilization o f the mother 
with identification o f the maternal injury is the initial prior
ity. Fetal evaluation and interventions can be conducted in 
the ED as needed. Pregnancy should not delay the decision to 
intubate, especially with the likelihood that surgical intervention 
will become necessary. The fetus is vulnerable to hypoxia, neu
rologic injury, or death; therefore all pregnant trauma victims 
should be provided with supplemental oxygen and avoidance of 
hypotension even if intubation is not required.

A suggested algorithm for care of the pregnant trauma patient 
is presented in Figure 26-2.

Evaluation on Labor and Delivery
After clearance for severe maternal injury has been com
pleted in the ED, the obstetrics team should provide a more 
thorough physical and obstetric assessment. A thorough phys
ical examination should look for old and new ecchymosis and 
bruises over the entire body in the event the injuries might 
suggest violence as an origin. The vaginal examination can detect 
bleeding, rupture of membranes, and vaginal lacerations that 
can occur if  there has been a pelvic fracture. An ultrasonographic 
examination should be performed early in the assessment to 
document fetal heart activity, viability, and gestational age. 
Depending on the labor and delivery gestational age criteria 
for assumption o f care at the facility, the stable patient with
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EMERGENCY DEPARTMENT MANAGEMENT: TRAUMA IN PREGNANCY

1. Prehospital
• Activate trauma team
• Notify obstetrician

2 . Stabilization

3. C om ple te  exam

4. Fetal evaluation

Document fetal 
heart tones

Presence of:
• >4 uterine contractions

in any 1 hr (>23-24 weeks)
• Rupture of amniotic membranes
• Vaginal bleeding
• Serious maternal injury
• Significant abdominal/uterine pain
• Fetal tachycardia, late decelerations, 

nonreassuring FHR tracing

5. D isposition Hospitalize 
Continue to monitor 
Intervene as 

appropriate

Other definitive treatment 
(may be concomitant 
with monitoring): 

Suture lacerations 
Necessary x-rays 
Consider RhoGAM in 

Rh-negative women

FIG 26-2 Algorithm with suggested care plan for pregnant women who experience trauma. FHR, fetal heart rate; L and D, labor and delivery.

trauma at or beyond 23 weeks’ gestation (the threshold 
of fetal viability) should be admitted to labor and delivery 
for further observation and monitoring for signs and symp
toms o f placental abruption and preterm labor. Women at 
fewer than 20 weeks’ gestation or prior to fetal viability can be 
evaluated for fetal life in the ED but do not necessarily require 
admission to labor and delivery. Based on the patient’s clinical 
presentation and uterine contraction frequency, the patient is 
observed for 4 to up to 24 hours prior to hospital discharge.

Fetal Monitoring
Fetal and uterine contraction monitoring is the most sen
sitive method for detecting abruptio placentae following 
trauma. In pregnant women who are beyond 23 to 24 weeks’ 
gestation, frequent uterine contractions are nearly always 
present in women who develop placental abruption fol
lowing trauma.44,45 Moreover, a nonreassuring fetal heart rate 
(FHR) pattern may reflect maternal hemorrhagic shock or hypo
tension.18 Uterine contraction monitoring is unquestionably

more sensitive than ultrasound in detecting placental abrup
tion, and ultrasound detects only about 40%  o f abruptio pla
centae in the setting o f trauma.18,20'46 Although several authors 
have recommended incorporating assessment of fetal status into 
the standard focused abdominal sonography for trauma (FAST) 
exam, it should not replace fetal monitoring.14,47 The standard 
FAST exam is performed to evaluate for intraperitoneal hemor
rhage and has replaced diagnostic peritoneal lavage in many 
centers because of its excellent sensitivity (80% to 83%) for 
detection of intraperitoneal fluid.47 A fetal biophysical profile 
test and middle cerebral artery Doppler studies may be per
formed at the time of the FAST exam for further information 
regarding fetal well-being, although its ability to predict fetal 
outcome in the setting of trauma has not been thoroughly 
assessed.14 4 The FHR tracing has been called the “fifth vital 
sign” because it may provide the earliest evidence o f maternal 
hypovolemia or hypotension (Fig. 26-3).14 Likewise, frequent 
uterine contractions provide the most reliable warning sign of 
placental abruption or preterm labor.15'4648
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FIG 26-3 Tracing shows a sinusoidal pattern in a woman with fetal- 
maternal hemorrhage at 30 weeks' gestation after an automobile 
accident. The infant was severely anemic at birth. (From Brown, 
Haywood L. Trauma in pregnancy. Obstet Gynecol. 2009; 114[1 ]: 
147-160.)

The time within which a pregnant woman with trauma 
should receive fetal monitoring is variable. The rationale for 
a prolonged period o f monitoring is the concern for delayed 
abruption, which has been reported up to 6 days after a 
traumatic event.4 ’ If uterine contractions occur less fre
quently than every 15 minutes over 4 hours o f observation, 
placental abruption is unlikely to occur.15,45,46 In fact, delayed 
placental abruption is unlikely if  contraction frequency is less 
than every 10 minutes with normal fetal heart activity over a 
4- to 6-hour period of observation. Adverse outcomes directly 
related to trauma has a reported negative predictive value of 
100% when monitoring was normal and the early warning 
symptoms of bleeding and abdominal pain were absent.50 
Therefore i f  the fetus is at or beyond 24 weeks’ gestation, 
the recommended minimal time for monitoring is at least
4 hours from the occurrence o f the trauma. Monitoring 
should be continued if uterine tenderness, contractions, or 
irritability; abnormal fetal heart activity; or vaginal bleeding 
are evident. If deteriorating fetal status is apparent, delivery is 
indicated at a viable gestational age even if  placental abruption 
is not clinically evident. If frequent contractions are noted 
(every 15 minutes or more often) even though no other signs 
and symptoms for abruption are present, 24  hours o f moni
toring is recommended because delayed abruptio placentae 
has been reported up to 48 hours or longer after maternal 
trauma.14,1

Laboratory Testing
Laboratory tests that may be helpful in the evaluation of 
trauma include a complete blood count with platelets, type, 
and Rhesus factor (Rh) testing; evaluation o f coagulation 
function i f  abruptio placentae is a concern; and a Kleihauer- 
Betke (KB) test in the Rh-negative woman.14 The KB test is 
an acid elution test designed to quantify the amount of fetal

blood in the maternal circulation.51 Fetal-maternal hemorrhage 
can be a complication of maternal trauma that leads to fetal 
anemia, exsanguination, hypoxia, and fetal death. This increase 
in fetomaternal hemorrhage appears to be most important in 
ensuring that Rh-negative women are adequately protected 
against isoimmunization.

The KB test may be used to determine whether additional 
vials o f Rh immune globulin are required to prevent sensiti
zation in Rh-negative women who experience trauma.13,46 For 
approximately 90%  o f pregnant women who experience 
trauma, fetal-maternal hemorrhage will be less than 30 mL, 
and 1 vial o f Rh immune globulin will be sufficient to prevent 
sensitization.1 s Some controversy surrounds the utility of 
this test among Rh-positive women. Based on a series o f 71 
women, Muench and colleagues12 recommended its use as 
a predictor o f risk for preterm labor after trauma. These 
authors found that the KB test had a 100%  sensitivity for 
the prediction o f preterm labor/’ Other studies have not 
supported the routine use o f this test as a predictor o f adverse 
fetal outcome.48,53 These reports acknowledge that KB testing 
has utility for determining those f e w  Rh-negative women who 
require additional Rh immune globulin  to protect against isoim
munization but has little predictive value of other adverse preg
nancy outcomes such as abruptio placentae, preterm birth, or 
fetal hypoxemia. Moreover, the use of fetal monitoring is much 
more likely to provide a timely diagnosis of these complications 
of pregnancy than KB testing.

When gestational age is less than 20 weeks, 300 JLLg of 
Rh immune globulin should be sufficient to cover a fetal- 
maternal bleed because the expected fetal blood volume is 
not likely to exceed that covered with a standard dose o f 
300 |4.g. It is reasonable to provide Rh immune globulin within 
72 hours for all nonsensitized Rh-negative women who experi
ence abdominal trauma irrespective of KB status. Coagulation 
studies that include prothrombin time (PT), partial thrombo
plastin time (PTT), platelets, and fibrinogen may be useful in 
the presence of evidence or suspicion of abruptio placentae or if 
the patient is experiencing massive hemorrhage that may result 
in dilutional coagulopathy. A urinalysis may be obtained as 
well. Hematuria on urinalysis may be associated with pelvic 
fractures or renal tract injury.20 Given the strong association of 
drug and alcohol use with traumatic injuries, a urine toxicology 
screen may be clinically indicated, especially if  the woman has
injuries that might require nonobstetric or obstetric surgical

20intervention.

DIAGNOSTIC IMAGING 
Ultrasound
Ultrasound may be used to assess fetal well-being without expos
ing the fetus to ionizing radiation. Additionally, abdominal 
ultrasound may be a useful tool in the evaluation of the pregnant 
trauma victim for free intraperitoneal fluid, with reported sen
sitivity between 61% and 83% but specificity between 94% and 
100%.54 Ultrasound is not particularly sensitive for detecting 
abruptio placentae, with reported identification in approxi
mately 40%  o f cases. No clear guidelines have been estab
lished as to whether further imaging is necessary in the event 
o f a negative ultrasound study in a hemodynamically stable 
patient. The Food and Drug Administration (FDA) has arbi
trarily established a safe upper lim it for energy exposure during 
ultrasonography at 94 mW/cm.2,51
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572 Section V Complicated Pregnancy

TABLE 26-1 BIOLOGIC EFFECTS OF IN UTERO EXPOSURE TO IONIZING RADIATION

MENSTRUAL OR <50 mGy
GESTATIONAL AGE CONCEPTION AGE (<5 rad) 50-100 mGy (5-10 rad) >100 mGy (>10 rad)

0-2 weeks (0-14) days Prior to conception None None None
Weeks 3 and 4 Weeks 1 and 2 None Probably none Possible spontaneous abortion

(15-28) days (1-14) days
Weeks 5 and 10 Weeks 3 and 8 None Potential effects are scientifically Possible malformations increase in likelihood

(29-70) days (15-56) days uncertain and probably too 
subtle to be clinically detectable

as dose increases

Weeks 11 and 17 Weeks 9 and 15 None Potential effects are scientifically Increased risk of deficits in IQ or mental
(71-119) days (57-105) days uncertain and probably too 

subtle to be clinically detectable
retardation that increase in frequency and 
severity with increasing dose

Weeks 18 and 27 Weeks 16 and 25 None None IQ deficits are not detectable at diagnostic doses
(120-189) days (106-175) days

>27 weeks (>189 days) >25 weeks (>175 days) None None None applicable to diagnostic medicine

Modified from American College of Radiology. Practice G uidelines f o r  Im agin g P regnant o r  Potentia lly P regnant A dolescents a n d  Women w ith  Ion iz in g Radiation. American College of 
Radiology Practice Parameter, amended 2014 (Resolution 39). Available at: www.acr.org/guidelines.

Ionizing Radiation
Because o f concerns about fetal exposure to ionizing radia
tion, clinicians may be hesitant to order indicated diagnostic 
tests in the setting o f maternal trauma. However, maternal 
radiologic studies that include radiographs, magnetic reso
nance imaging (MRI), and computed tomography (CT) 
should not be deferred over concerns for the fetus if they are 
required for thorough assessment o f the pregnant woman, 
and certainly i f  the pregnancy is at a previable gestational 
age. Concerns regarding exposure to ionizing radiation involve 
both risk for teratogenesis and risk for development of cancer 
in later life.'6 The most significant risk for fetal malformation 
involves microcephaly and mental retardation, which has been 
observed after human exposure to doses of 100 to 200 cGy. 
Exposure to ionizing radiation in utero may elevate the risk of 
childhood leukemia from a background of 1 in 3000 to a risk 
after exposure to 1 in 20 0 0.55-57 Similarly, exposure to 50 mGy 
(5 rads) ionizing radiation during pregnancy may be associated 
with a 2% lifetime attributable risk for development of malig
nancy.58 The risk of teratogenesis or carcinogenesis with exposure 
to ionizing radiation is dose dependent.58 According to the 
American College of Radiology (ACR), no single diagnostic 
procedure provides a radiation dose sufficient to threaten the 
well-being of the developing embryo or fetus, especially in the 
mid to late weeks of gestation.1’ Both the ACR and the Ameri
can College o f Obstetricians and Gynecologists (ACOG) 
have published imaging guidelines for the use o f diagnostic 
radiologic techniques during pregnancy."5 58 However, in 
the setting o f maternal trauma, the risk to the fetus for mor
bidity or mortality from untreated maternal injury far out
weighs theoretic concerns for risks o f development of 
malignancy in later life. Table 26-1 summarizes effects of in 
utero exposure to ionizing radiation during different stages of 
pregnancy; radiation doses associated with common diagnostic 
tests are listed in Table 26-2.

Magnetic Resonance Imaging
MRI may be an attractive option because it does not involve the 
use of ionizing radiation, although less evidence is available to 
show the efficacy and safety of its use during pregnancy than for 
other, more established methods. Currently, the FDA states that 
the safety of MRI for the fetus “has not been established.”57 
However, no evidence exists from studies of children exposed to 
MRI in utero of any teratogenic effects or of any long-term

TABLE 26-2 RADIATION DOSES ASSOCIATED WITH 
COMMON DIAGNOSTIC PROCEDURES

PROCEDURE FETAL DOSE

Single-phase CT of abdomen and pelvis and lumbar 3.5 rad
spine

Hip film (single view) 200 mrad
Chest radiograph 0.02-0.07 mrad
CT of head or chest <1 rad
Diagnostic fluoroscopy of abdomen and pelvis <10 rad

Modified from ACOG Committee on Obstetric Practice: ACOG Committee Opinion 
299: Guidelines for Diagnostic Imaging During Pregnancy and American College of 
Radiology (ACR) Practice Guidelines for Imaging Pregnant or Potentially Pregnant 
Adolescents and Women with Ionizing Radiation.
ACOG, American College of Obstetricians and Gynecologists; CT, computed tomography.

adverse developmental consequences.39,42 The ACR described 
guidelines for the safe use of MRI and provided support for the 
use of MRI during all trimesters of pregnancy if  necessary for 
accurate diagnosis.54 611 The precise role for the use o f MRI in 
the management o f trauma in pregnancy has not yet been 
clearly established but may have benefit in the evaluation of 
soft tissue injury and spaces o f the maternal pelvis.

Contrast Agents
Iodinated contrast agents cross the placenta via simple diffu
sion.''1 Because they are taken up by the fetal thyroid and 
may pose a theoretic risk for fetal hypothyroidism, iodinated 
contrast images are generally avoided during pregnancy 
unless clearly necessary for diagnosis."5,61 However, no cases 
of fetal goiter or abnormal neonatal thyroid function have 
been reported after clinical use o f iodinated contrast agents.61 
Neonates whose mothers have received iodinated contrast media 
during pregnancy should be screened for hypothyroidism, an 
already standard practice.57 A recent guideline for use of CT and 
MRI during pregnancy has posited that the use of iodinated 
contrast agents during pregnancy is preferable to the patient 
receiving repetitive CT studies because of the suboptimal nature 
of studies performed without contrast agents.57

The use of gadolinium for MRI in pregnancy is controversial. 
Gadolinium crosses the placenta and accumulates in amniotic 
fluid,61 although it has not been found to be teratogenic or 
carcinogenic in doses used clinically.20,61 However, administra
tion of gadolinium to children and adults with underlying renal 
insufficiency has resulted in a syndrome known as nephrogenic
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FIG 26-4 Algorithm with suggested plan for diagnostic imaging studies for pregnant women who experience trauma. CT, computed tomography; 
IV, intravenous; MRI, magnetic resonance imaging; US, ultrasound. (Modified from Patel SJ, Reede DL, Katz DS, et al. Imaging the pregnant 
patient for nonobstetric conditions: algorithms and radiation dose considerations. Radiographics. 2007;27:1719.)

systemic fibrosis in rare cases, which raises a theoretic concern of 
toxicity after fetal exposure.57,62 Thus the use of gadolinium 
should be avoided in patients with acute or chronic renal 
insufficiency.

Suggested Guidelines for Radiologic 
Evaluation of Trauma
A recent evidence-based guideline and additional report on use 
of diagnostic imaging after maternal trauma has recommended 
the use of ultrasound as the initial modality but recommend the 
use of CT as the preferred method of evaluation when visceral 
injuries or injuries of the chest, aorta, mediastinum, spine, 
bones, bowel, or bladder are suspected (Fig. 26-4).54,5

EXPLORATORY SURGERY FOR TRAUMATIC 
INJURIES DURING PREGNANCY
When nonobstetric surgery is necessary in a pregnant woman, 
attention to adequate maternal oxygenation, blood volume, 
and uterine perfusion is important in providing an environ
ment to prevent fetal hypoxia. Penetrating trauma is the most 
common indication for nonobstetric surgery for traumatic 
injuries during pregnancy.14 Historically, surgical explora
tion was recommended for evaluation and repair o f abdomi
nal injuries that resulted from penetrating trauma; however, 
given the differing pattern o f abdominal injuries that result 
from penetrating trauma during pregnancy, the decision 
for expectant management or surgery should be individ
ualized.1,1 Muench and Canterino14 recommend an individual
ized approach to penetrating trauma depending on whether the 
wound is in the upper or lower abdomen. Because of the sig
nificantly increased risk for bowel injury after penetrating 
trauma to the upper abdomen, women with such wounds should

undergo surgical exploration. Because the gravid uterus provides 
some protection from visceral injury, pregnant women who 
sustain penetrating wounds to the lower abdomen may be 
managed conservatively if  they are hemodynamically stable. 
Penetrating wounds to the gravid uterus increase risk for direct 
fetal injury but may be managed conservatively if  they do not 
extend past the myometrium.14 Conservative management may 
include diagnostic peritoneal lavage, which may be undertaken 
safely in all trimesters using an open direct-visualization 
technique through a supraumbilical incision under ultrasound 
guidance.14,20 Indications for surgical exploration include 
penetrating trauma to the upper abdomen, gunshot wounds 
to the abdomen, clinical evidence o f active intraabdominal 
hemorrhage, or suspicion for bowel injury.

The surgical team should not allow the enlarged uterus to 
compromise adequate surgical exploration and management. If 
exploratory laparotomy is undertaken, care should be taken to 
minimize traction on the gravid uterus, and the nature and 
extent of any injuries should be evaluated.14 Exploratory lapa
rotomy is not a reflex indication for delivery of the fetus.20 In 
the event that fetal death has occurred prior to surgical explo
ration, vaginal delivery after induction o f labor may be a 
preferable approach, although Brown recommends surgical 
uterine evacuation while the mother is under a current anes
thetic if there is abruption and potential for coagulopathy. 11 
Coagulopathy further complicates the hemorrhagic picture and 
leads to a more complicated perioperative course, which includes 
acute respiratory distress in the mother. In some circumstances, 
delivery of the fetus may be necessary to adequately explore the 
abdomen or to facilitate surgical repair of injured viscera.

If the pregnancy is at or beyond 24 weeks, fetal monitoring 
should be carried out intermittently during the surgical pro
cedure. If nonreassuring fetal status is detected during the
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574 Section V Complicated Pregnancy

procedure, in most instances it can be alleviated by attention 
to and correction o f maternal hypovolemia or hypoxemia. If 
these supportive measures are not effective, cesarean delivery 
may be necessary.20

Uterine Rupture
Both blunt and penetrating injuries can result in uterine 
rupture, which occurs in approximately 0.6%  to 1%  of 
instances o f maternal trauma. 2 146 Uterine rupture most often 
results from direct abdominal impact and may occur at any 
gestational age, although the risk increases as the uterus 
becomes an abdominal organ later in pregnancy.103 The risk 
for uterine rupture is particularly increased for women who have 
experienced assault.31 Most instances of uterine rupture as a 
result of maternal trauma are fundal in location.46 Uterine 
rupture may also result in complete avulsion of the uterine arter
ies and massive hemorrhage.1 Signs of uterine rupture may range 
from FHR abnormalities in a hemodynamically stable patient 
to maternal cardiovascular instability and hypovolemic shock.41’ 
Uterine rupture carries a poor prognosis for the fetus and 
requires immediate laparotomy. Whether a hysterectomy is 
required depends on the extent of the myometrial and vascular 
injury and to what extent the surgeon feels the uterus can be 
repaired expeditiously. Because uterine rupture may be associ
ated with massive maternal hemorrhage because of the increased 
uterine vascularity associated with pregnancy; aggressive replace
ment of red cells and clotting factors is recommended.20 Mater
nal mortality has been reported to be as high as 10% following 
traumatic uterine rupture.4

Implications of Cardiac Arrest and 
Perimortem Cesarean Section
In instances of severe maternal injury and maternal cardiac 
arrest, cardiopulmonary resuscitation may be less successful 
because of maternal physiologic alterations associated with preg
nancy. The gravid uterus may interfere with systemic perfusion 
by compression of the inferior vena cava and interference with 
venous return. The use of left lateral tilt to reduce the impact of 
aortocaval compression on utero placental perfusion compro
mises cardiopulmonary resuscitation (CPR) efforts and efficacy 
of chest compressions; therefore emptying the uterus should 
facilitate more effective maternal resuscitation. The chance 
of maternal survival after cardiac arrest despite aggressive 
attempts at resuscitation is significantly diminished com
pared with the nonpregnant state. Long-term outcomes for 
children born after maternal cardiac arrest are more likely to 
be favorable i f  the child is delivered within 5 minutes o f ces
sation o f maternal circulation.38 Perimortem cesarean should 
be considered early in the resuscitation process in the trauma 
victim. If the pregnancy has extended beyond an acceptable 
gestation o f viability, the decision to perform a perimortem 
cesarean should be immediate and decisive. Therefore i f  the 
pregnancy is at or beyond fetal viability (23 to 24 weeks’ 
gestation), perimortem cesarean delivery should commence 
within 4 minutes after maternal cardiac arrest i f  resuscitation 
has not restored maternal circulation.14

The incision should be midline from xiphoid to the pubis 
through all abdominal wall layers and through a midline vertical 
uterine incision. Once the neonate is delivered, resuscitation 
efforts can continue, and if successful, the patient can be trans
ferred to the operating theater for closure of the uterus and 
abdominal wound and to ensure adequate hemostasis.

OTHER CONSIDERATIONS 
Medical and Legal Implications After 
Maternal Trauma
Accurate and careful documentation of all history, physical 
examination findings, clinical care, and follow-up for the mother 
and fetus is critical for the pregnant woman who has suffered 
trauma. It is highly likely, particularly if  there is an adverse 
outcome for the pregnancy, that these records will be revisited 
if  legal action is pursued. The clinicians involved in the initial 
and follow-up care of the woman will likely have to offer a 
medical opinion as to causation.

The obstetric evaluation and adherence to monitoring recom
mendations based on clinical history and clinical observation 
for up to 4 hours after an accident or injury is necessary as 
a critical assessment period for maternal and fetal well-being. 
A documented record should reflect the maternal and fetal 
status throughout the period of observation. For example, the 
timing of an emergency cesarean or placental abruption relative 
to the time of the traumatic event or preterm labor and/or 
preterm delivery in the days or weeks following the event 
may have implications to causation. However, labor and subse
quent delivery several weeks removed from a traumatic event, 
when all observational documentation revealed normal findings, 
is unlikely to be directly related to the acute event.

For all trauma in pregnancy, it is therefore important for all 
care providers to document throughout the course of care from 
the ED, labor room, and surgical suite through discharge and 
follow-up.

Long-Term Effects of Trauma
In some reports, up to 38%  o f women who experience trauma 
during pregnancy will require delivery in the same hospital
ization,20 although in most published experiences, the great 
majority o f pregnant women who experience trauma will be 
discharged undelivered.' 14 Although most placental abrupti
ons that result from maternal trauma will occur within the first 
24 hours after the event, some reports suggest that women who 
have experienced trauma remain at risk for other complications 
that include fetal growth restriction, intrauterine fetal demise, 
“fetal distress,” placental abruption, and a higher risk of cesarean 
delivery.3,4 '’4 By contrast, a prospective controlled study demon
strated that pregnancy outcomes beyond 48 hours in injured 
women are similar to those in the uninjured controls.44 Sug
gested discharge instructions are shown in Box 26-1.

Prevention of Trauma
A Canadian study suggests that pregnancy, particularly in the 
second trimester, is associated with a 42% relative increase in a 
serious M VC compared with the nonpregnant state. The crash 
rate was equal to 4.55 events per 1000 individuals, about twice 
the population average of 2 crashes per 1000 drivers annually.65 
The factors that surround this statistical increase during the 
second trimester are highly subjective. Education and rein
forcement o f seatbelt use during pregnancy should be under
taken as a routine part o f prenatal education and care. In a 
primate model of motor vehicle impact trauma and its fetal 
effects, three-point restraints significantly reduced fetal mortality 
compared with two-point restraints.2 In a recent study of MVCs 
that involved 43 pregnant women between 1996 and 1999, 
Klinich and colleagues16 from the Times New Romanity 
of Michigan demonstrated that proper use of seatbelts was
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Chapter 26 Trauma and Related Surgery in Pregnancy 575

significantly associated with good fetal outcome. The authors 
speculated that proper seatbelt use could prevent as many 
as 84% of adverse fetal outcomes. Proper counseling by the 
obstetric care provider for seatbelt usage has also been shown to 
significantly improve compliance with seatbelt use during 

66pregnancy.
Because of reasonable evidence that restraint use reduces both 

maternal and fetal morbidity and mortality, ACOG recom
mends seatbelt use in pregnancy to reduce the chances of

BOX 26-1 SUGGESTED DISCHARGE INSTRUCTIONS FOR 
PREGNANT WOMEN HOSPITALIZED FOR OBSERVATION 
AFTER TRAUMA

• D isch a rg e  a fte r 24 h o u rs  o f o b s e rv a tio n .
• D ischarge  m a y  be in d ic a te d  in th e  absence  o f  s ig n s  o r 

s y m p to m s  o f  la b o r, a b ru p tio n , ru p tu re  o f m e m b ra n e s , 
fe ta l c o m p ro m is e , o r  m a te rn a l c o m p ro m is e .

• H ealth  e d u ca tio n
• A fte r  d is c h a rg e , th e  w o m a n  s h o u ld  be in s tru c te d  to  

ca ll L a b o r and D e liv e ry  w ith  d ecreased  fe ta l 
m o v e m e n t, v a g in a l b le e d in g , ru p tu re  o f  m e m b ra n e s , 
a b d o m in a l pa in , o r m o re  th a n  th re e  u te rin e  
c o n tra c tio n s  pe r h o u r.

• A d v is e  fe ta l m o v e m e n t c o u n t tw ic e  d a ily .
• A d v is e  fo llo w -u p  w ith  p ro v id e r  w ith in  th e  w eek.
• A d v o c a te  c o rre c t se a tb e lt use: s h o u ld e r b e lt b e tw e en  

b re a s ts  and  u te rin e  fu n d u s , lap  b e lt u n d e r th e  u te ru s  
and a cross  th e  sp in e s  o f  th e  pe lv is .

• If d o m e s tic  v io le n c e  is su sp e c te d , o rd e r so c ia l w o rk  
c o n s u lt.

maternal and fetal morbidity and mortality.6' The NHTSA 
recommends that pregnant women wear their seatbelts with 
the shoulder harness portion positioned over the collarbone 
between the breasts and the lap belt portion under the preg
nant abdomen as low as possible on the hips and across the 
upper thighs and not above or over the abdomen. Placement 
of the lap belt over the dome of the uterus increases pressure 
transmission and the risk of uterine injury during a significant 
crash. Restraint use in pregnancy is inconsistent, and the relative 
risk for perinatal death with lack of restraint use has been 
reported as high as 5 .2 : l . 68

Airbags can be life saving in automobile crashes. However, 
airbags detonate with more than 1200 lb of force at speeds that 
can exceed 230 mph. No evidence suggests that the effect of 
airbag deployment during the third trimester increases risk for 
fetal injury; however, minor maternal injuries from airbag 
deployments have been reported. The NHTSA recommends 
that when a pregnant woman rides in front o f an airbag, the 
airbag should be at least 10 inches away from the dashboard 
or steering wheel and the seat should be moved back from 
the gravid uterus as the pregnant abdomen grows. Although 
some have expressed concern about possible harmful effects 
of airbag deployment in the event o f an MVC during preg
nancy, the NHTSA and ACOG do not recommend disabling 
airbags during pregnancy.46'69 Indeed, a retrospective cohort 
study of pregnant women involved in MVCs in the state of 
Washington between 2002 and 2005 concluded that airbags do 
not increase the risk for adverse outcomes of pregnancy.70 The 
forces that lead to placental abruption after motor vehicle trauma 
are depicted in Figure 26-5, and proper use of seatbelt restraints 
is depicted in Figure 26-6.

A: Impact B: Upper body 
extension

Time
(sec) 0.000 0.060

FIG 26-5 Impact sequence. Relationship between body motion 
Obstetrics. Stamford, CT: Appleton & Lange, 1995, Fig. 35-3, p 655

C: Flexion 
abdominal 
compression 

I

D: Rebound 
(Complete by 
0.500 sec)

I
0.120 0.200

uterine pressure, and belt tension. (Modified from Hankins CVD. Operative

accelerometer
Belt tension

Uterine
pressureak
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576 Section V Complicated Pregnancy

FIG 26-6 A, Improper use of a lap belt in pregnancy showing placement 
across the abdominal dome. B ,  Lap belt appropriately placed below 
the abdominal dome. (Illustration by John Yanson. Modified from 
Brown, Haywood L. Trauma in pregnancy. Obstet Gynecol. 2009; 
114[1]:147-160.)

♦ Following cases of blunt trauma, fetal monitoring is 
recommended for a period of 4 to 24 hours depending 
on the findings.

♦ Placental abruption is the most frequent cause of fetal 
death after trauma.

♦ Most abruptions occur within 24 hours of an accident, 
but delayed abruption can occur.

♦ Rhogam should be administered to Rh-negative women 
who experience trauma.

♦ Kleihauer-Betke testing is recommended for Rh-negative 
women who experience trauma beyond 20 weeks of 
gestation.

♦ Concerns about fetal effects of ionizing radiation should 
not delay imaging necessary to care for pregnant trauma 
victims.

♦ Seatbelt use may reduce adverse fetal outcome resulting 
from trauma by as much as 84%.

♦ Ail pregnant women should be screened for domestic 
violence during each trimester.

BOX 26-2 SUGGESTED DOMESTIC VIOLENCE 
SCREENING QUESTIONS

Because v io le n c e  is so c o m m o n  in m a n y  w o m e n 's  live s  and 
because th e re  is h e lp  a va ila b le  fo r  w o m e n  b e in g  a bused , I 
n o w  ask e ve ry  p a tie n t a b o u t d o m e s tic  v io le n ce :

1. W ith in  th e  past ye a r o r s ince  y o u  have been 
p re g n a n t, have yo u  been h it, s la p p ed , k icked, o r 
o th e rw is e  p h y s ic a lly  h u rt by  anyone?

2. A re  y o u  in a re la tio n s h ip  w ith  a p e rso n  w h o  
th re a te n s  o r  p h y s ic a lly  h u rts  you?

3. Has a n y o n e  fo rc e d  yo u  to  have sexua l a c tiv it ie s  th a t 
m ade  yo u  fee l u n c o m fo rta b le ?

Screening and Identification of Women at 
Risk for Domestic Violence
Traumatic injuries may also be prevented by early screening 
and detection o f IPV during pregnancy. ACOG recommends 
screening all pregnant women for IPV at the first prenatal 
visit and at least once per trimester o f pregnancy. They 
recommend use of a brief three-question screening tool to 
identify women at risk for domestic violence during pregnancy 
(Box 26-2).71

KEY POINTS

♦ Maternal trauma is the most frequent cause of nonob
stetric maternal death.

♦ In cases of significant trauma, such as motor vehicle 
accidents, maternal stabilization and evaluation in the 
emergency department should occur prior to transfer to 
labor and delivery.

♦ Fetal monitoring should occur as soon as possible while 
maternal evaluation takes place.

♦ Abruptio placentae complicates 1% to 2% of cases of 
minor blunt abdominal trauma and up to 40% of cases 
of severe abdominal trauma.
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Chapter 27 Early Pregnancy Loss and Stillbirth

TABLE 27-1 APPROXIMATE RECURRENCE RISK 
FIGURES USEFUL FOR COUNSELING 
WOMEN WITH REPEATED 
SPONTANEOUS ABORTIONS

Not all conceptions result in a live-born infant, and human 
reproduction is extremely inefficient compared with that of 
other mammal species.1 About 50%  to 70%  o f spontaneous 
conceptions axe lost before completion o f the first trimester, 
most before implantation or during the first month after the 
last menstrual period. These losses are often not recognized 
as conceptions. O f clinically recognized pregnancies, 10% to 
15% are lost. Although epidemiologic data are limited on 
animals living in the wild, such as monkeys, laboratory rodents 
are known to have postimplantation pregnancy loss rates of less 
than 10%.' Among married women in the United States, 4% 
have experienced two fetal losses, and 3% have experienced three 
or more.2 A subset of women manifest repetitive spontaneous 
miscarriages, as opposed to randomly having repeated untoward 
events. This chapter considers the frequency and timing of preg
nancy losses, the causes of fetal wastage, and the management 
of couples who experience repetitive losses.

FREQUENCY AND TIMING 
OF PREGNANCY LOSS
Embryos implant 6 days after conception, although physical 
signs are not generally appreciated until 5 to 6 weeks after the 
last menstrual period. Fewer than half o f preimplantation 
embryos persist, as witnessed by assisted reproductive tech
nology (ART) success rates rarely exceeding 30%  to 40%  of 
cycles initiated; even after implantation, judged preclinically 
by the presence o f P-human chorionic gonadotropin (fi
li CG), about 30%  o f pregnancies are lost.1 After clinical rec
ognition, 10%  to 12%  are lost. Most clinical pregnancy 
losses occur before 8 weeks. Before widespread availability of 
ultrasound, embryonic demise was often not appreciated until
9 to 12 weeks’ gestation, at which time bleeding and passage of 
tissue (products of conception) occurred. W ith widespread avail
ability of ultrasound, it has been shown that fetal demise actually 
occurs weeks before overt clinical signs are manifested. This 
conclusion was reached on the basis of cohort studies that 
showed that only 3% of viable pregnancies are lost after 8 weeks’ 
gestation3; studies involving obstetric registrants reached similar 
conclusions. Fetal viability thus ceases weeks before maternal 
symptoms of pregnancy loss. That almost all losses are retained 
in utero for some time before clinical recognition means that 
virtually all losses could be considered “missed abortions,” thus 
this once widely used term is actually archaic.

After the first trimester, pregnancy losses occur at a slower 
rate. Loss rates are only 1% in women confirmed by ultra
sound to have viable pregnancies at 16 weeks. Two confound
ing factors that influence clinical pregnancy loss rates are 
clinically relevant: maternal age is positively correlated with 
pregnancy loss rates, and a 40-year-old woman has twice the 
risk of a 20-year-old woman. This occurs in euploid and aneu- 
ploid pregnancies, as discussed later. Prior pregnancy loss also 
increases loss rates, but far less than once believed. Among 
nulliparous women who have never experienced a loss, the likeli
hood of pregnancy loss is only 5% to 10% (Table 27-1). After 
one loss, the risk of another is increased but does not exceed 
30% to 40% even for women with three or more losses.4 These 
risks apply not only to those women whose losses were recog
nized at 9 to 12 weeks’ gestation but also to those whose preg
nancies were ascertained in the fifth week of gestation.5 O f 
clinical relevance, no scientific evidence suggests that women 
with three losses are etiologically distinct from those with two

PRIOR SPONTANEOUS
ABORTIONS RISK <%)

Women with liveborn 0 5-10
infant 1 20-25

2 25
3 30
4 30

Women without 3 30-40
liveborn infant

Data from Regan L. A prospective study on spontaneous abortion. In: Beard RW, Sharp 
F (eds). Early P regnancy Loss: M echanism s a n d  Treatment. London: Springer-Verlag;
1988, p 22; Warburton D, Fraser FC. Spontaneous abortion risks in man: data from 
reproductive histories collected in a medical genetic unit. Am J  Hum Genet. 1964; 16:1; 
and Poland BJ, Miller JR , Jones DC, et al. Reproductive counseling in patients who have 
had a spontaneous abortion. Am J  Obstet Gynecol. 1977; 127:685.
Recurrence risks are slightly higher for older women.

losses or even one loss. The situation may be different if  four or 
more losses have occurred, and different etiologic factors may 
exist in this uncommon subgroup.

The clinical consequence o f the above information is that 
in order to be judged efficacious in preventing recurrent first- 
trimester spontaneous abortions, therapeutic regimens must 
show success rates substantially greater than 70%. Essentially 
no therapeutic regimen can make this claim.

PLACENTAL ANATOMIC 
CHARACTERISTICS OF SUCCESSFUL  
AND UNSUCCESSFUL PREGNANCIES
As judged by adult tissue criteria, the human fetus develops 
in a low-oxygen environment. Development of the human 
placenta is modulated heavily by the intrauterine environment.6'9 
During the first trimester, development takes place in a low- 
oxygen environment supported by histotrophic nutrition from 
the endometrial glands. Consequently, the rate of growth of 
the chorionic sac is almost invariable across this period and 
is remarkably uniform among individuals. Toward the end of 
the first trimester, the intrauterine environment undergoes 
radical transformation in association with onset o f the mater
nal arterial circulation and the switch to hemotrophic nutri
tion (Chapter 1). The accompanying rise in intraplacental 
oxygen concentration poses a major challenge to placental 
tissues, and extensive villous remodeling takes place at this time.

The human gestational sac is designed to minimize the flux 
of oxygen (O2) from maternal blood to the fetal circulation.1,6 
In particular, the extravillous trophoblast that migrates inside 
the uterine tissue to anchor the pregnancy creates a cellular shell 
with plugs inside the tip of the uteroplacental arteries.2,9 This 
additional barrier keeps most of the maternal circulation outside 
the placenta and thus reduces the chemical activity of free 
oxygen radicals inside the placenta during most of the first tri
mester of the human pregnancy.6. In normal pregnancies, the 
onset of the maternal circulation is a progressive phenomenon 
that starts at about 9 weeks at the periphery of the placenta and 
gradually extends toward the center.2,7,9 This process correlates 
closely with the pattern of trophoblast invasion across the pla
cental bed (Fig. 27-1).
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580 Section V Complicated Pregnancy

In about two thirds o f early pregnancy failures, anatomic 
evidence o f defective placentation is apparent, which is mainly 
characterized by a thinner and fragmented trophoblast shell and 
reduced cytotrophoblast invasion of the lumen at the tips of the 
spiral arteries.2'10'12 This is associated with premature onset of 
the maternal circulation throughout the placenta in most cases 
of miscarriages.2'9'10 12 These defects are similar in euploid and in 
most aneuploid miscarriages but are more pronounced in hyda- 
tidiform moles (Fig. 27-2). In vivo ultrasound and histopatho
logic data indicate that in most early pregnancy losses, the onset 
of the intervillous circulation is premature and widespread 
owing to incomplete transformation and plugging of the utero
placental arteries.710,11 In about 80%  o f missed miscarriages, 
the onset o f the maternal placental circulation is both preco
cious and generalized throughout the placenta. This occurs 
independent of the karyotype of the conceptus,11 leading to 
higher O2 concentrations during early pregnancy, widespread 
trophoblastic oxidative damage, and placental degeneration. 
Although in vitro studies have demonstrated the ability of 
damaged syncytium to regenerate from the underlying cytotro
phoblast, it is likely that in the face of extensive damage, this 
ability will be overwhelmed, leading to complete pregnancy 
failure.2,12

FIG 27-1 A gestational sac at the end of the second month (8 to 9 
weeks) showing the myometrium (M), decidua (D), placenta (P), exo- 
coelomic cavity (EEC), amniotic cavity (AC), and secondary yolk sac 
(SYS). (From Jauniaux E, Cindrova-Davies T, Johns T, et al. Distribu
tion and transfer pathways of antioxidant molecules inside the first 
trimester human gestational sac. J Clin Endocrinol Metab. 2004;89: 
1452.)

NUMERICAL CHROMOSOMAL 
ABNORMALITIES: THE MOST FREQUENT 
CAUSE OF EARLY PREGNANCY LOSS
Chromosomal abnormalities are the major cause o f both 
preimplantation and clinically recognized pregnancy loss. Of

vv

FIG 27-2 Placentation in a normal ongoing pregnancy (A), in an early pregnancy failure (B), and in a complete hydatidiform mole (C). A, Note 
the continuous trophoblastic shell, the plugs in the lumens of the spiral arteries, and the interstitial migration of the extravillous trophoblast 
through the decidua down to the superficial layer of the myometrium. B, Note the discontinuous trophoblastic shell, the absence of plugs, and 
the reduced migration of extravillous trophoblastic cells. C, Note the absence of trophoblastic plugs and interstitial migration. (From Jauniaux
E, Burton GJ. Pathophysiology of histological changes in early pregnancy loss. Placenta. 2005;26:114.)
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Chapter 27 Early Pregnancy Loss and Stillbirth 581

all morphologically normal embryos, 25% to 50% show 
chromosomal abnormalities (aneuploidy or polyploidy).1' The 
highest figure occurs in women over age 45, and a more gener- 
alizable figure is 25% in the third decade increasing to 50% by 
late in the fourth decade. The frequency of chromosomal abnor
malities in morphologically abnormal embryos is even higher. 
The high aneuploidy rate in morphologically normal embryos 
is consistent with 5% to 10% aneuploidy in sperm of ostensibly 
normal men and 20% aneuploidy in oocytes (deduced from 
polar bodies) of women undergoing ART.

Not surprisingly, at least 50% o f c lin ica lly  r e co gn iz ed  p r e g 
nancy losses result from a chromosomal abnormality.14 The 
frequency is probably higher, because if  chorionic villi recovered 
by chorionic villus sampling (CVS) are analyzed immediately 
after ultrasound diagnosis of fetal demise, rather than culturing 
spontaneously expelled products, the chromosomal abnormali
ties are detected in 75% to 90% .1 ̂  However, these cohorts were 
older than the general population.

Among second-trimester and third-trimester losses, chromo
somal abnormalities are more similar in type to those observed 
in live-born infants: trisomies 13, 18, and 21; monosomy X; 
and sex chromosomal polysomies. This also holds true among 
losses after 20 gestational weeks (stillborn infants), for which 
the frequency of chromosomal abnormalities detected by karyo
type has traditionally been cited as approximately 5%. The fre
quency is over 20% if anatomic abnormalities are present and 
chromosomal microarray (comparative genomic hybridization 
[CGH]) is used because cell culture is not needed to obtain 
information.'6 The American College of Obstetricians and 
Gynecologists (ACOG) now recommends array CGH for this 
purpose.1 O f stillborn infants, 8.3% show cytogenomic abnor
malities such as aneuploidy, microdeletions or microduplication 
based on array CGH, and copy number variants versus 5.8% 
by karyotype.1 Overall, the frequency of demonstrable abnor
malities is much less than that observed in earlier abortuses 
but is much higher than that found among liveborn infants 
(0.6%). Formal recommendations for the management of 
couples who have had a stillborn infant is undertaken later in 
this chapter.

Types of Numerical 
Chromosomal Abnormalities 
Autosomal Trisomy
Autosomal trisomies represent the largest single class (about 
50%) o f chromosomal complements in cytogenetically ab
normal spontaneous abortions. That is, 25% of all abortuses 
are aneuploid, given half of all abortuses have a chromosom
al abnormality. Frequencies of various trisomies are listed in 
Table 27-2. Trisomy for every chromosome has been observed, 
but the most common is trisomy 16, which is lethal and is not 
observed in liveborn infants. Most trisomies show a maternal 
age effect, but the effect varies markedly among chromosomes. 
The increased maternal age effect is especially impressive for 
double trisomies.

Trisomies incompatible with life predictably show slower 
growth than those compatible with life (e.g., trisomies 13, 18, 
21); but otherwise, usually no features distinguish the two 
groups. Abortuses from the former group may show anomalies 
consistent with those found in full-term, liveborn trisomic 
infants. Malformations present have been said to be more severe 
than those observed in induced abortuses following prenatal 
diagnosis.

TABLE 27-2 CHROMOSOMAL COMPLETION IN
SPONTANEOUS ABORTIONS RECOGNIZED 
CLINICALLY IN THE FIRST TRIMESTER

CHROMOSOMAL
COMPLEMENT

Normal 46,XX or 46,XY 
Triploidy:

69,XXX
69.XYX
69.XXY 
Other 

Tetraploidy:
92,XXX
92.XXYY 
Not stated 

Monosomy X 
Structural abnormalities 
Sex chromosome polysomy:

47,XXX
47,XXY 

Autosomal monosomy (G) 
Autosomal trisomy for 

chromosomes:
1
2
3
4
5
6
7
8 
9

10
11
12

13
14
15
16
17
18
19
20 
21 
22
Double trisomy 
Mosaic trisomy 

Other abnormalities or not specified

FREQUENCY

2.7
0.2
4.0
0.8

PERCENT

54.1
7.7

2.6
1.5
0.55
0.55

0.05
0.15

0
1.11
0.25
0.64
0.04
0.14
0.89
0.79
0.72
0.36
0.04
0.18
1.07
0.82
1.68

7.27
0.18
1.15
0.01
0.61
2.11
2.26

18.6
1.5
0.2

0.1
22.3

0.7
1.3
0.9

100.0

Data from Simpson JL, Bombard AT. Chromosomal abnormalities in spontaneous 
abortion: frequency, pathology and genetic counseling. In: Edmonds K (ed). Spontaneous 
Abortion. London: Blackwell; 1987.

Attempts have been made to correlate placental morphologic 
abnormalities with specific trisomies, but these relationships are 
imprecise. Comparison of ultrasound findings and placental 
histology indicates that villous changes following in utero fetal 
demise could explain the low predictive value of placental histol
ogy in identifying aneuploidy or another nonchromosomal eti
ology. By contrast, the histologic features of complete and partial 
hydatidiform molar gestations are so distinctive that most molar 
miscarriages can be correctly diagnosed by histologic examina
tion alone.

Aneuploidy usually results from errors at maternal meiosis
I, and these are associated with advanced maternal age.18,19 
Once thought to involve mostly missegregation of whole chro
mosomes, it is now clear that chromatid errors are an equally 
prevalent cause of maternal meiotic errors.20 The cytologic 
mechanism involves decreased or absent meiotic recombination.

ak
us

he
r-li

b.r
u



582 Section V Complicated Pregnancy

The cytologic origin is not the same for all chromosomes. In 
trisomy 13 and trisomy 21, 90% to 95% of these maternal cases 
arise at meiosis I; almost all trisomy 16 cases arise in maternal 
meiosis I.18 In trisomy 18, two thirds of the 90% of maternal 
meiotic cases arise at meiosis II.18

One practical consequence of the maternal origin of aneu
ploidy is that deducing the chromosomal status of oocytes 
is possible by analysis of the polar bodies. In preimplantation 
genetic diagnosis, the most common approach is now blastocyst 
biopsy (5-day embryo), but diagnosis based on the first polar 
body uniquely allows preconception assessment, which in certain 
cultures or venues is the only option (Chapter 10). Errors in 
paternal meiosis account for 10%  o f acrocentric (13, 14, 15, 
21, and 22) trisomies.18 Among nonacrocentric chromosomes, 
paternal contribution is uncommon.

Polyploidy
In polyploidy, more than two haploid chromosomal comple
ments are present. Nonmosaic triploidy (3n = 69) and tetra- 
ploidy (4n = 92) are common in abortuses. Triploid abortuses 
are usually 69.XXY or 69,XXX as a result of dispermy. An asso
ciation exists between diandric (paternally inherited) triploidy 
and hydatidiform mole, a “partial” mole said to exist if  molar 
tissue and fetal parts coexist. The more common “complete” 
(classic) hydatidiform mole is 46,XX; androgenetic in origin; 
and composed exclusively of villous tissue. Pathologic findings 
in diandric triploid and tetraploid placentae include a dispro
portionately large gestational sac, focal (partial) hydropic degen
eration of placental villi, and trophoblast hyperplasia. Placental 
hydropic changes are progressive and may be difficult to identify 
in early pregnancy. By contrast, placental villi often undergo 
hydropic degeneration after fetal demise. This can occur in 
all types of miscarriage; thus histologic and cytogenetic

investigations are essential to differentiate between true mole 
and pseudomole because only a true mole can be associated with 
persistent trophoblastic disease. Fetal malformations associated 
with triploid miscarriage include neural tube defects and ompha
loceles, anomalies reminiscent of those observed in triploid 
conceptuses that survive to term. Facial dysmorphia and limb 
abnormalities have also been reported. Tetraploidy is uncom
mon and rarely progresses beyond 2 to 3 weeks of embryonic 
life. This chromosomal abnormality can also be associated 
with persistent trophoblastic disease and thus needs to be identi
fied in order to offer human chorionic gonadotropin (hCG) 
follow-up.

Sex Chromosome Polysomy (X or Y)
The complements 47,XXY and 47,XYY have long been stated 
to occur in about 1 per 800 liveborn male births; 47,XXX occurs 
in 1 per 800 female births. X and Y polysomies are only slightly 
more common in abortuses than in live-born infants. Recent 
work based on cell-free fetal DNA for detection of certain auto
somal trisomies and sex chromosome polysomies indicates the 
incidence of the latter may be less than traditionally stated.21 
Irrespective, the group is not a major contributor to spontaneous 
abortion.

Monosomy X
Monosomy X is the single most common chromosomal 
abnormality among spontaneous abortions, accounting for
15%  to 20%  o f abnormal specimens (see Table 27-2). Mono
somy X embryos usually consist of only an umbilical cord 
stump. Later in gestation, anomalies characteristic of Turner 
syndrome may be seen, such as cystic hygromas and generalized 
edema (Fig. 27-3). Unlike adult 45,X individuals, 45,X abor
tuses show germ cells; however, most germ cells in abortuses do

FIG 27-3 Photograph of a 45,X abortus. (From Simpson JL, Bombard AT. Chromosomal abnormalities in spontaneous abortion: frequency, pathol
ogy and genetic counseling. In Edmonds K, Bennett MJ [eds]: Spontaneous Abortion. London: Blackwell; 1987:51.)
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Chapter 27 Early Pregnancy Loss and Stillbirth 583

TABLE 27-3 RECURRENT AN EU PLO ID Y: RELATIO NSHIP BETWEEN KARYOTYPES OF SUCCESSIVE ABO RTUSES 

„ MBM COMPLEMENT OF SECOND ABORTUS
COMPLEMENT ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
OF FIRST DE N O V O
ABORTUS N O R M A L  T R IS O M Y  M O N O S O M Y  T R IP L O ID Y  T E T R A P L O ID  R E A R R A N G E M E N T

Normal 142 18 5 7 3 2
Trisomy 31 30 1 4 3 1
Monosomy X 7 5 3 3 0 0
Triploidy 7 4 1 4 0 0
Tetraploidy 3 1 0 2 0 0
De novo 1 3 0 0 0 0

rearrangement

From Warburton D, Kline J , Stein Z, et al. Does the karyotype of a spontaneous abortion predict the karyotype of a subsequent abortion? Evidence from 273 women with two 
karyotyped spontaneous abortions. Am J  Hum Genet. 1987;4l:465.

not develop beyond the primordial germ cell stage. The patho
genesis of 45,X germ cell failure thus involves not so much 
failure of germ cell development as more rapid attrition in 45,X 
compared with 46,XX embryos.24'2’ Monosomy X usually occurs 
(80%) as a result of paternal sex chromosome loss, consistent 
with lack of a maternal age effect.

Relationship Between Recurrent Losses and 
Numerical Chromosomal Abnormalities
In both preimplantation and first-trimester abortions, recurrent 
aneuploidy occurs more often than would be expected by 
chance. Recurrent aneuploidy is a frequent explanation, at least 
until the number of losses reaches or exceeds four. In a given 
family, successive abortuses are likely to be either recurrently 
normal or recurrently abnormal. Table 27-3 shows that if  the 
complement of the first abortus is abnormal,26 2 recurrence 
usually involves aneuploidy, although not necessarily of the same 
chromosome. Further supporting recurrent aneuploidy as a 
genuine phenomenon is the occurrence of trisomic preimplanta
tion embryos in successive ART cycles.28'29

The concept of recurrent aneuploidy implies certain corollar
ies, one of which has often been the subject of controversy. 
One is that in recurrent losses, couples should either be experi
encing repetitive chromosomally abnormal abortuses or repeti
tive euploid (chromosomally normal) abortuses. Given that 
50% of all abortuses are abnormal cytogenetically, aneuploidy 
should be as likely to be detected in a randomly karyotyped 
abortus as in a sporadic abortus. Among 420 abortuses obtained 
from women with repeated losses, Stephenson and colleagues31 
found 46% had chromosomal abnormalities; 31% of the origi
nal sample was trisomic. Their comparison was unselected 
pooled data, which showed 48% of abortuses to be abnormal; 
27% of the original sample was trisomic.

In contrast to these data, a fetal loss— recurrent or not— is 
much more likely to be cytogenetically normal (85%) when it 
occurs after the first trimester. Carp and coworkers32 found that 
among women with three or more abortuses, the likelihood that 
the abortus would have an abnormal karyotype was only 29%. 
However, in that series, inclusion criteria extended to 20 weeks’ 
gestation, a time at which there is less reason to expect recurrent 
aneuploidy than recurrence of other etiologies.

Genetic Counseling and Management for 
Recurrent Aneuploidy

Couples predisposed to recurrent aneuploidy are at increased 
risk not only for aneuploid abortuses but also for aneuploid

liveborn neonates. The trisomic autosome in a subsequent preg
nancy might be compatible with life (e.g., trisomy 21). Indeed, 
the risk for liveborn trisomy 21 following an aneuploid abortus 
is considered clinically to be about 1% (see Chapter 10). A 1% 
recurrence risk is considered similar following other autosomal 
aneuploidies. Bianco and associates34 provided a useful counsel
ing algorithm applicable following a prior abortion of unknown 
karyotype. If abortions are recurrent but no information is avail
able on the chromosomal status, the odds ratio can be used to 
derive a patient-specific risk. For example, if  the a priori Down 
syndrome risk is 1 in 300 and the odds ratio is 1.5, a woman’s 
calculated risk after three abortions would be 1/300 X 1.5, or 
1 in 200.

If no information is available concerning the chromosomal 
status of prior abortuses, paraffin blocks of archived products of 
conception can be retrieved to detect aneuploidy using array 
CGH, given that array CGH requires only DNA and not the 
cultured cells needed for a karyotype. Paraffin block or results 
of other archived DNA showing a prior trisomy confers increased 
risk for liveborn trisomy in subsequent pregnancies. If no infor
mation can be obtained, it is arguable whether prenatal genetic 
diagnosis is appropriate. The absolute risk for aneuploid off
spring can, however, be calculated as shown by Bianco and 
associates.34 The small but finite risk for amniocentesis or CVS 
is troublesome to couples who have had difficulty achieving a 
live birth. At present, noninvasive cell-free DNA approaches (see 
Chapter 10) are typically the chosen option. However, sensitiv
ity for detecting aneuploidy by noninvasive methods is not the 
nearly 100% possible with CVS or amniocentesis. Preimplanta
tion genetic diagnosis (PGD; see Chapter 10) is another option, 
and it is the only one if  the couple eschews clinical pregnancy 
termination. Selective transfer of euploid embryos clearly 
decreases the rate of clinical abortions in couples who experience 
repeated losses.35'36 When avoiding another loss is paramount, 
PGD should be offered.

CHROMOSOMAL REARRANGEMENTS 
Translocations
Structural chromosomal abnormalities are an unequivocal 
explanation for repetitive abortions. The most common struc
tural rearrangement encountered is a translocation, found in 
about 5% o f couples who experience repeated losses. Indi
viduals with balanced translocations are phenotypically normal, 
but their offspring—abortuses and abnormal liveborn infants— 
may show chromosomal duplications or deficiencies as a result 
of normal meiotic segregation. Among couples with repetitive
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584 Section V Complicated Pregnancy

abortions, about 60% of translocations are reciprocal and 40% 
are robertsonian. Women are about twice as likely as men to 
show a balanced translocation.1

The clinical consequences of a balanced translocation vary 
depending on the chromosome involved and the type of trans
location. If a child has Down syndrome as result of a centric 
fusion (robertsonian) translocation, the rearrangement will have 
originated de novo in 50% to 75% of cases. That is, a balanced 
translocation will not exist in either parent. The likelihood of 
Down syndrome recurring in subsequent offspring is minimal. 
On the other hand, the recurrence is significant when an off
spring has Down syndrome as result of transmission of a parental 
translocation. The theoretic risk for having a child with Down 
syndrome is 33%, but empiric risks are considerably less. The 
risk is only 2% if the father carries the translocation; the risk is 
10% if the mother carries the translocation.38,39 If robertsonian 
(centric fusion) translocations involve chromosomes other than 
21, liveborn empiric risks are lower; this reflects embryonic 
lethality. In t(13q ;l4q ), the risk for liveborn trisomy 13 is 1% 
or less.

Reciprocal translocations involve not centromeric fusion 
but rather interchanges between two or more chromo
somes. Empiric data for specific translocations are usually 
not available, but generalizations can be made on the basis 
of pooled data derived from many different translocations.40 
Again, theoretic risks for abnormal offspring (unbalanced 
reciprocal translocations) are far greater than empiric risks appli
cable to liveborn infants or even prenatal genetic diagnosis. 
Overall, the risk is 12%  for offspring o f either female 
heterozygotes or male heterozygotes. h 39 Detecting a chro
mosomal rearrangement thus profoundly affects subsequent 
pregnancy management. Antenatal cytogenetic studies should 
be offered. The frequency of unbalanced fetuses is lower if  
parental balanced translocations are ascertained through repeti
tive abortions (3%) rather than through anomalous liveborn 
infants (nearly 20% ).38 Presumably more unbalanced products 
are lethal.

PGD o f embryos from couples who have a balanced trans
location reveals that most embryos are unbalanced: 58% in
robertsonian translocations and 76% in reciprocal transloca
tions. This means almost all these conceptuses would be lost 
preclinically. When a balanced translocation is detected in a 
couple who experiences recurrent abortions, the cumulative 
prognosis for a liveborn infant differs little from that if  a trans
location had not been detected.42 However, the length of time 
to achieve pregnancy is greatly increased (mean, 4 to 6 years). 
Thus a more realistic strategy is to use PGD to identify and 
transfer only the few balanced embryos, thereby increasing 
the statistical likelihood of conception.43 This strategy is most 
attractive when the prospective mother is in her fourth or early 
fifth decade. Using array CGH, an unbalanced embryo can 
be readily excluded; however, unlike fluorescence in situ hybrid
ization (FISH), array CGH does not distinguish a balanced 
(translocation heterozygote) from a normal embryo lacking the 
translocation.

Rarely, a translocation precludes normal liveborn infants. 
This occurs when a translocation involves homologous, acro
centric chromosomes (e.g., t[13q l3q] or t[21q21q]). If the 
father carries such a structural rearrangement, artificial insemi
nation may be appropriate. If the mother carries the rearrange
ment, donor oocytes or donor embryos and ART should be 
considered.

Inversions
Inversions are uncommon parental chromosomal rearrange
ments but are responsible for repetitive pregnancy losses analo
gous to translocations. In inversions, the order o f the genes is 
reversed. Individuals heterozygous for an inversion should be 
normal if  their genes are merely rearranged. However, individu
als with inversions suffer untoward reproductive consequences 
as a result of normal meiotic phenomena.44 Crossing over that 
involves the inverted segment yields unbalanced gametes. Peri
centric inversions are present in perhaps 0.1% of women and 
0.1% of men who experience repeated spontaneous abortions. 
Paracentric inversions are even rarer.

Women with a pericentric inversion have a 7% risk for 
abnormal liveborn infants; men carry a 5% risk.40 Pericentric 
inversions ascertained through phenotypically normal probands 
are less likely to result in abnormal liveborn infants. Inversions 
that involve only a small portion of the total chromosomal 
length paradoxically are less significant clinically because large 
duplications or deficiencies arise following crossing over, which 
usually confers lethality. By contrast, inversions that involve 
only 30% to 60% of the total chromosomal length are relatively 
more likely to be characterized by duplications or deficiencies 
compatible with survival. Prenatal cytogenetic studies should 
be offered.

Paracentric inversions should carry less risk for unbalanced 
products than pericentric inversions because nearly all paracen
tric recombinants should in theory be lethal. However, abortions 
and abnormal liveborn infants have rarely been observed within 
the same kindred, and the risk for unbalanced viable offspring 
has been tabulated at 4% .45 Prenatal cytogenetic studies should 
thus still be offered.

MENDELIAN AND POLYGENIC/ 
MULTIFACTORIAL ETIOLOGY
That 30% to 50% of first-trimester abortuses show no chro
mosomal abnormalities does not mean genetic causation is 
excluded. Fetal demise may have occurred as a result of other 
genetic etiologies. Specifically, neither mendelian nor polygenic/ 
multifactorial disorders show chromosomal abnormalities, and 
these etiologies account for more congenital anomalies than do 
chromosomal abnormalities. It would thus be naive to assume 
that mendelian and polygenic/multifactorial factors do not 
play pivotal roles in embryonic mortality. The difficulty is that 
it is challenging to identify developmental genes expressed only 
during embryogenesis. Most likely to be mendelian or polygenic 
in etiology are abortuses that demonstrate isolated structural 
anomalies. Cytogenetic data are often lacking on dissected speci
mens, making it nearly impossible to determine the relative 
role of cytogenetic versus mendelian or polygenic mechanisms 
in early embryonic maldevelopment. However, Philipp and 
Kalousek46 correlated cytogenetic status of missed abortuses 
with morphologic abnormalities at embryoscopy. Embryos with 
chromosomal abnormalities usually showed one or more exter
nal anomalies, although some euploid embryos also showed 
anatomic anomalies.

In addition to traditional single-gene perturbations (mende
lian etiology), novel nonmendelian forms of inheritance prob
ably play a greater role in embryonic loss than in liveborn 
abnormalities. Mosaicism may be restricted to the placenta, 
the embryo per se being normal. This phenomenon is termed 
confined placental mosaicism.
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Chapter 27 Early Pregnancy Loss and Stillbirth 585

LUTEAL PHASE DEFECTS
Implantation in an inhospitable endometrium is a plausible 
explanation for pregnancy loss. Progesterone deficiency in par
ticular could result in the estrogen-primed endometrium being 
unable to sustain implantation. Luteal phase deficiency (LPD) 
has long been hypothesized, specifically caused by inadequate 
progesterone secreted by the corpus luteum.

Once almost universally accepted as a common cause of 
fetal wastage, LPD is now generally considered an uncom
mon explanation. One pitfall is that endometrial histology 
identical to that observed with luteal phase “defects” is observed 
in fertile women. Efficacy of treatment has also never been 
proved— no randomized studies exist. Indeed, meta-analysis has 
shown47 no beneficial effect of progesterone treatment. The 
current consensus is that LPD is either an arguable entity or 
not proved to be treated successfully with progesterone or 
progestational therapy.

Luteal phase abnormalities that arise during ovulation stimu
lation and necessitated during ART could be a different phe
nomenon. It is considered standard to administer progesterone 
until about 9 weeks’ gestation. In this circumstance, the cells 
that surround the oocyte, which would ordinarily contribute to 
the corpus luteum, may have been removed when the oocyte 
was aspirated.

THYROID ABNORMALITIES
Decreased conception rates and increased fetal losses are 
logically associated with overt hypothyroidism or hyperthy
roidism (see Chapter 42). The role of subclinical thyroid dys
function is less clear and is not generally considered an 
explanation for repeated losses. However, Negro and colleagues48 
reported that pregnancy loss was higher in thyroid peroxidase- 
negative women whose thyroid-stimulating hormone (TSH) 
level was 2.5 to 4 mIU/L compared with those whose TSH level 
was less than 2.5 mIU/L (6.1% vs. 3.6% ). Increased frequency 
of thyroid antibodies has in addition been observed in several 
series, and some consider autoimmune thyroid disease a signifi
cant cause.49 The value of treatment in such circumstances is 
unproved.

Elevations of maternal thyroid hormone per se are clearly 
deleterious. This effect was shown by a family from the Azores, 
in whom a gene that conferred resistance to thyroid hormone 
was segregating.50 Family members with an autosomal dominant 
mutation in the thyroid receptor beta (TR-|3) gene Arg243Gln 
secreted large amounts of TSH to compensate for end-organ 
resistance. During pregnancy, the fetus of such a mother becomes 
unavoidably exposed to high levels of maternal TSH because 
TSH and thyroxine readily cross the placenta. Loss rates were 
22.8% in pregnancies of mothers who had the Arg243Gln 
mutation, 2% in those of normal mothers whose male partner 
had the mutation, and 4.4%  when neither parent had the 
mutation.

DIABETES MELLITUS
Women whose diabetes mellitus is poorly controlled are at 
increased risk for fetal loss. Mills and colleagues51 showed in a 
National Institute of Child Health and Human Development 
(NICHD) collaborative study that women whose glycosylated 
hemoglobin (HgB) level was greater than 4 standard deviations

(SDs) above the mean had higher pregnancy loss rates than 
women with lower glycosylated HgB levels. This finding is 
consistent with that of many retrospective studies.52 Poorly 
controlled diabetes mellitus should be considered one cause 
for early pregnancy loss. On the other hand, well-controlled or 
subclinical diabetes should not be considered a cause of early 
miscarriage. Neither the Royal College of Obstetricians and 
Gynaecologists (RCOG) nor ACOG recommend testing for 
occult diabetes mellitus.

INTRAUTERINE ADHESIONS (SYNECHIAE)
Intrauterine adhesions could interfere with implantation 
or early embryonic development. Adhesions may follow intra
uterine surgery (e.g., myomectomy), endometritis, or overzeal- 
ous uterine curettage during the postpartum period. Curettage 
is the usual explanation, with adhesions most likely to develop 
when the procedure is performed 3 or 4 weeks after delivery 
Individuals with uterine synechiae usually manifest hypomenor- 
rhea or amenorrhea, but perhaps 15% to 30% have repeated 
spontaneous abortions. If adhesions are detected in a woman 
who experiences repetitive losses, lysis under direct hyperoscopic 
visualization should be performed. Postoperatively, an intrauter
ine device (IUD) or inflated Foley catheter temporarily placed 
postoperatively in the uterus discourages reapposition of healing 
uterine surfaces. Estrogen administration should also be in iti
ated. About 50% of patients conceive after surgery, but the 
frequency of pregnancy losses remains high.

MULLERIAN FUSION DEFECTS
Miillerian fusion defects are an accepted cause o f 
second-trimester losses and pregnancy complications. Low
birthweight, breech presentation, and uterine bleeding are 
the most common abnormalities associated with miillerian 
fusion defects compared with pregnancies in women who have 
hysterosalpingogram-proven normal uteri.53 However, reports 
typically lack controls.

Losses are more likely to be associated with a uterine 
septum than a bicornuate uterus.54 In 509 women with recur
rent losses studied by three-dimensional (3-D) ultrasound, Salim 
and associates55 found greater uterine distortion in women who 
recounted a history of losses. However, the major problem in 
attributing cause and effect for second-trimester complications 
and uterine anomalies is that uterine anomalies are frequent in 
the general population; thus adverse outcomes could merely be 
coincidental. For example, in the Salim study, 23.8%  of women 
with recurrent miscarriage had some uterine anomalies on 3-D 
ultrasound.^ In another study, unsuspected bicornuate uteri 
were found in 1.2% of 167 women undergoing laparoscopic 
sterilization; 3.6% had a severely septate uterus, whereas 15.3% 
had fundal anomalies.56 In another series, miillerian defects were 
found in 22 of 679 fertile women (3.2%), and 20 of the 22 
defects were septate.5

Treatment has traditionally involved surgical correction, 
namely metroplasty. Ludmir and colleagues58 wondered whether 
aggressive nonsurgical treatment could be just as efficacious. 
A total of 101 women with an uncorrected malformation were 
tracked longitudinally. After first being followed without surgery 
and without a defined nonsurgical regimen, the same women 
underwent a surgically conservative but medically aggressive 
protocol that consisted of decreased physical activity and
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586 Section V Complicated Pregnancy

tocolysis. However, fetal survival rates in both bicornuate and 
septate groups were not significantly different before (52% and 
53%, respectively) or after (58% and 65%, respectively) the 
change in management.

In conclusion, early first-trimester abortions may be 
caused by miillerian fusion defects, but other explanations 
are more likely even when such a defect is found. Septate uteri 
are most plausibly causative, with implantation occurring on a 
poorly vascularized and inhospitable surface. Abortions that 
occur after ultrasonographic confirmation of a viable pregnancy— 
say, at 8 or 9 weeks— may more properly be attributed to uterine 
fusion defects. Women who experience second-trimester losses 
could benefit from uterine reconstruction, but reconstructive 
surgery is not necessarily advisable if  losses are restricted to the 
first trimester.

LEIOMYOMAS
Although leiomyomas are common, relatively few women 
develop symptoms that require medical or surgical therapy. 
That leiomyomas cause first- or second-trimester pregnancy 
wastage per se, rather than obstetric complications such as pre
maturity, is plausible but probably uncommon. Analogous to 
uterine anomalies, the coexistence of two common phenomena— 
uterine leiomyomas and reproductive losses— need not neces
sarily imply a causal relationship. Hartmann and Herring59 
correlated ultrasonographically detected leiomyomas with preg
nancy outcome in a cohort of North Carolina women. O f 1313 
women studied early in pregnancy, the 131 with leiomyomas as 
ascertained by ultrasound had an increased prior spontaneous 
abortion rate (odds ratio [OR], 2.17). One pitfall is that uterine 
contractions can mimic fibroids on ultrasound.

Location o f leiomyomas is probably more important than 
size. Submucous leiomyomas are more likely to cause abortion 
than subserous leiomyomas. Postulated mechanisms that lead to 
pregnancy loss include (1) thinning of the endometrium over 
the surface of a submucous leiomyoma, predisposing to implan
tation in a poorly decidualized site; (2) rapid growth caused by 
the hormonal milieu of pregnancy, compromising the blood 
supply of the leiomyoma and resulting in necrosis (“red degen
eration”) that in turn leads to uterine contractions and eventu
ally fetal expulsion; and (3) encroachment of leiomyomas on the 
space required for the developing fetus, leading to premature 
delivery through mechanisms presumably analogous to those 
operative in incomplete miillerian fusion. In pregnancies that 
are not lost, the relative lack of space can also lead to fetal defor
mations (i.e., positional abnormalities that arise in a genetically 
normal fetus).

Surgical procedures to reduce leiomyomas may occasionally 
be warranted in women who experience repetitive second- 
trimester abortions. More often, however, leiomyomas have no 
etiologic relationship to pregnancy loss. Surgery should be 
reserved for women whose abortuses were both phenotypi- 
caily and karyotypically normal and in whom viability until 
at least 9 to 10 weeks was documented.

CERVICAL INSUFFICIENCY
A functionally intact cervix and lower uterine cavity are obvious 
prerequisites for a successful pregnancy. Characterized by pain
less dilation and effacement, cervica l incompetence— now prefer
ably called cervical insufficiency—usually occurs during the

middle second or early third trimester and usually follows 
traumatic events such as cervical amputations, lacerations, or 
conization or forceful cervical dilation. However, the etiology 
may be genetic; for example, perturbation of a connective 
tissue gene (e.g., collagen, fibrillin). Indications for surgery and 
techniques to correct cervical incompetence are discussed in 
Chapter 28.

INFECTIONS
Infections are a known cause o f late fetal losses and a logical 
cause o f early fetal losses. Along with vaccinia, microorgan
isms associated with spontaneous abortion include variola,
Salmonella typhi, Campylobacter fetu s (Vibrio fetu s bacterin), 
malaria, cytomegalovirus, Brucella, Toxoplasma gondii, Myco
plasma hominis, Chlamydia trachomatis, and Ureaplasma urea- 
lyticum. Transplacental infection occurs with each of these 
microorganisms, following which sporadic losses could logically 
result. However, infection as a cause o f r ep e t it iv e  losses is 
much less likely.

O f the many organisms implicated in repetitive abortion, 
U. urealyticum  and M. hominis seem most plausibly related to 
repetitive spontaneous abortions because they fulfill two impor
tant prerequisites: first, the putative organism can persist in an 
asymptomatic state; second, virulence is not always so severe as 
to cause infertility as a result of fallopian tube occlusion and, 
hence, it does not preclude the opportunity for pregnancy. 
Studies have also suggested a relationship between bacterial vagi
nosis (BV), presumed to be Gardnerella vaginalis, and spontane
ous abortion. However, the latter is more typically, if  not 
exclusively, associated with complications (premature delivery) 
in the second and third trimesters. A recent systematic review 
and meta-analysis60 on the risks associated with BV in infertile 
patients has shown that it is associated with a significantly ele
vated risk of preclinical pregnancy loss but is not associated with 
an increased risk of first-trimester miscarriage.

Given lack of evidence for causality for recurrent losses, it 
could be questioned whether the infectious agents discussed 
previously actually cause fetal losses or merely arise after fetal 
demise from other causes. Cohort surveillance for infections can 
best shed light on the true role of infections in early pregnancy 
loss. The frequency of clinical infections was assessed prospec- 
tively in 386 diabetic subjects and 432 control subjects seen 
weekly or every other week beginning early in the first trimes
ter.61 Infection occurred no more often in the 112 subjects who 
experienced pregnancy loss than in the 706 who experienced 
successful pregnancies. This held true both for the 2-week inter
val in which a given loss was recognized clinically and the prior 
2-week interval. Similar findings were observed in both control 
and diabetic subjects and were substantiated when data were 
stratified into ascending genital infections only versus systemic 
infection only.

In conclusion, infections doubtless explain some early preg
nancy losses and certainly many later losses. However, in the first 
trimester, attributable risk is low even in sporadic cases, and in 
recurrent losses, infections are much less likely.

ACQUIRED THROMBOPHILIAS
An association between s e con d -tr im este r  pregnancy loss and 
certain autoimmune diseases is well accepted 6 (see Chapter 
46). For first-trimester losses, consensus holds that a less
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Chapter 27 Early Pregnancy Loss and Stillbirth 587

significant relationship exists. The spectrum of antibodies 
found in women with pregnancy loss encompasses nonspecific 
antinuclear antibodies as well as antibodies against individual 
cellular components such as phospholipids, histones, and single- 
or double-stranded DNA. The primary antigenic determinant is 
(32-glycoprotein, which has an affinity for negatively charged 
phospholipids.62 The antiphospholipid syndrome encompasses 
lupus anticoagulant (LAC) antibodies, anticardiolipin (aCL) 
antibody, or anti-fL-glycoprotein. Values for the latter two 
should be greater than the 99th percentile of moderate or higher 
titers, with two positive results obtained 12 weeks apart. Descrip
tive studies in the 1980s in itially seemed to show increased aCLs 
in women with first-trimester pregnancy losses; however, a pitfall 
proved to be selection bias because it only studied couples fol
lowing spontaneous abortions. That antibodies did not arise 
until after the pregnancy loss was also not excluded. To address 
this, Simpson and associates63 analyzed sera obtained prospec- 
tively from women within 21 days of conception. A total of 93 
women who later experienced pregnancy loss were matched 2 
to 1 with 190 controls who subsequently had a normal liveborn 
offspring. No association was observed between pregnancy loss 
and presence of either aPL or aCL.

In the most recent ACOG bulletin on the topic,6" three 
or more losses before the tenth week o f pregnancy is consid
ered to fulfill diagnostic criteria for antiphospholipid syn
drome in the sense o f justifying prophylactic heparin therapy. 
It was stated that this assumes neither anatomic or hormonal 
abnormalities, nor paternal or maternal chromosomal abnor
malities. However, ACOG provided the caveat that such an 
increase neither explains many losses nor confers a greatly 
increased risk for another loss. Given this, treatment regimens 
should be judicious, perhaps with aspirin and heparin if  
embarked on at all. Control groups of fertile women showed 
similar loss frequencies.

INHERITED THROMBOPHILIAS
Inherited maternal hypercoagulable states are unequivocally 
associated with increased fetal losses in the second trimester 
but less convincingly in the first trimester (see Chapter 45). 
Postulated associations include factor V  Leiden (Q1691G—>A), 
prothrombin 2021G —>A, and homozygosity for 677C—>T 
in the methylenetetrahydrofolate reductase gene MTHFR. A 
meta-analysis64 of 31 studies published in 2003 revealed asso
ciations between recurrent (two or more) fetal losses earlier 
than 13 weeks for thrombophilias related to factor V  
Leiden (G1691A), activated protein-C resistance, prothrom
bin (20210A0  gene), and protein-S deficiency. No associa
tions were found between deficiencies of MTHFR, protein C, 
and antithrombin and recurrent pregnancy loss. A second meta
analysis of 16 studies published by Kovalesky and coworkers65 
reported an association between recurrent pregnancy loss, defined 
as two or more losses in the first two trimesters, and maternal 
heterozygosity for either factor V  Leiden or prothrombin 
20210G7—>A.

Evidence is less strong for an association between inherited 
thrombophilias and recurrent early pregnancy loss (REPL) 
before 10 weeks of gestation. Most authors recommend testing 
for factor V  Leiden, activated protein-C resistance, fasting 
homocysteine, antiphospholipid antibodies (aPLs), and the pro
thrombin gene. Pending salutary results in randomized con
trolled trials (RCTs), treatment for recurrent first-trimester losses

with heparin or other antithrombotic or anticoagulant therapies 
should be initiated with caution.

EXOGENOUS AGENTS
Various exogenous agents have been implicated in fetal 
losses, although studies fail to stratify these by sporadic and 
recurrent losses (see Chapter 8). Of course, every pregnant 
woman is exposed to low doses of ubiquitous agents, and data 
are rarely adequate to determine with confidence the role these 
exogenous factors play in early pregnancy losses.

Outcomes following exposures to exogenous agents can 
usually be derived only on the basis of case-control studies. In 
such studies, women who experienced an adverse event (e.g., 
spontaneous abortion) recalled exposure to the agent in question 
more often than controls. However, case-control studies have 
inherent biases. The primary bias is accuracy of recall because 
controls have less incentive to recall antecedent events than 
subjects who experience an abnormal outcome. Employers also 
naturally attempt to lim it exposure to women of reproductive 
age; thus exposures to potentially dangerous chemicals are 
usually unwitting and, hence, poorly documented. Pregnant 
women are also exposed to many agents concurrently, making 
it nearly impossible to attribute adverse effects to a single agent. 
Given these caveats, physicians should be cautious about 
attributing pregnancy loss to exogenous agents. On the other 
hand, common sense dictates that exposure to potentially 
noxious agents should be minimized.

Radiation and Chemotherapeutic Agents
Irradiation and antineoplastic agents in high doses are acknowl
edged abortifacients. Of course, therapeutic radiographs or che
motherapeutic drugs are administered during pregnancy only to 
seriously ill women whose pregnancies often must be terminated 
for maternal indications. More frequently encountered, pelvic 
x-ray exposure of up to perhaps 10 cGy places a woman at little 
to no increased risk. The exposure is usually to far lower doses 
(1 to 2 cGy). It is also prudent for pregnant hospital workers 
to avoid handling chemotherapeutic agents and to minimize 
radiation exposures during diagnostic imaging.

Alcohol
Alcohol consumption should be avoided during pregnancy for 
reasons independent of pregnancy loss (see Chapters 6 and 8). 
However, alcohol probably increases pregnancy loss only slightly. 
Some authors found a slightly increased risk for spontaneous 
abortion in women who drank in the first trimester, whereas 
others66 found alcohol consumption to be nearly identical in 
women who did and did not experience an abortion: 13% of 
women who aborted and 11 % of control women drank on 
average three to four drinks per week, and other investigations 
have reached a similar conclusion. Armstrong and colleagues6' 
found the odds ratio to be 1.82 with 20 drinks or more 
per week.

Abstinence from alcohol should not be expected to prevent 
pregnancy loss, and evaluation for other causes is still in order. 
Thus women should not attribute a loss to social alcohol 
exposure during early gestation.

Caffeine
In data gathered in cohort fashion, Mills and colleagues68 showed 
that the odds ratio for association between pregnancy loss and
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588 Section V Complicated Pregnancy

caffeine (coffee and other dietary forms) was only 1.15 (95% 
confidence interval [C l], 0.89 to 1.49). Women exposed to 
much higher levels may, however, be at greater risk. Klebanoff 
and coworkers69 reported an association between pregnancy 
losses and caffeine ingestion greater than 300 mg daily (a 1.9- 
fold increase). A confounding problem with investigating caf
feine is difficulty in taking into account the effects of nausea, 
which is believed to be more common in successful pregnancies. 
In general, reassurance can be given concerning moderate 
caffeine exposure and pregnancy loss.

Contraceptive Agents
Conception with an IUD in place increases the risk for fetal 
loss and can result in second-trimester sepsis characterized 
by a flulike syndrome, albeit rarely. If the device is removed 
before pregnancy, there is no increased risk for spontaneous 
miscarriage. Oral contraceptive use before or during preg
nancy is not associated with fetal loss. The same applies for 
injectable or implantable contraceptives. No evidence suggests 
increased pregnancy loss after spermicide exposure before or 
after conception.

Chemicals
Limiting exposure to potential toxins in the workplace is prudent 
for pregnant women. The difficulty lies in first defining the 
precise effect of lower exposures and then attributing a specific 
risk. False alarms concerning potential toxins are frequent. 
Various chemical agents have been claimed to be associated 
with fetal losses, but only a few are accepted as potentially 
causative.’0 These include anesthetic gases, arsenic, aniline dyes, 
benzene, solvents, ethylene oxide, formaldehyde, pesticides, and 
certain divalent cations (lead, mercury, cadmium). Workers in 
rubber industries, battery factories, and chemical production 
plants are among those at potential risk.

Cigarette Smoking
Active and passive maternal smoking has a damaging effect 
in every trimester o f human pregnancy. Cigarette smoke con
tains scores o f toxins that exert a direct effect on the placental 
and fetal cell proliferation and differentiation and can explain 
the increased risk for miscarriage, fetal growth restriction 
(FGR), stillbirth, preterm birth, and placental abruption 
reported by epidemiologic studies.71 Smoking during pregnancy 
is often claimed to cause miscarriage, but in available studies, 
confounding variables are rarely excluded. Increased miscarriage 
rates reported in smokers do, however, appear to be independent 
of maternal age and alcohol consumption72; based on urinary 
cotinine levels, 400 women with spontaneous abortions were 
compared with 570 who experienced ongoing pregnancies. 
Women with urinary cotinine had increased risk for miscarriage, 
but the odds ratio was only 1.8 (95% C l, 1.3 to 2.6). A recent 
systematic review and meta-analysis73 has shown that any active 
smoking is associated with increased risk of miscarriage (relative 
risk ratio [RR], 1.23; 95% C l, 1.16 to 1.30) and that the risk 
increases with the amount smoked (1 % increase in RR per ciga
rette smoked per day). Furthermore, secondhand (passive) 
smoke exposure during pregnancy increases the risk o f mis
carriage by 11% .

Smoking is associated, from early pregnancy, with a thicken
ing in the placenta of the trophoblastic basement membrane, 
an increase in collagen content of the villous mesenchyme, 
and a decrease in vascularization. These anatomic changes are

associated with changes in placental enzymatic and synthetic 
functions. In particular, nicotine depresses active amino 
acid uptake by human placental villi and trophoblast invasion, 
and cadmium decreases the expression and activity of 11 (3- 
hydroxysteroid dehydrogenase type 2, which is causally linked 
to FGR.71 W ithin this context, direct damage to placental 
tissue could explain the higher rate of miscarriage in heavy 
smokers.

TRAUMA
Women commonly attribute pregnancy losses to trauma, 
such as a fall or blow to the abdomen (see Chapter 26). Actu
ally, fetuses are well protected from external trauma by inter
vening maternal structures and amniotic fluid. The temptation 
to attribute a loss to minor traumatic events should be 
avoided. A nested case-control study of 392 cases and 807 con
trols showed no relationship between physical violence and 

74miscarriage.

PSYCHOLOGICAL FACTORS
That impaired psychological well-being predisposes to early fetal 
losses has been claimed but never proven. Certainly, mentally ill 
women experience losses, but so do normal women. Whether 
the frequency of losses is higher in the mentally ill is less certain 
because potential confounding variables have not been taken 
into account, nor have confounding genetic factors been con
sidered. Mental illness in pregnancy is discussed in detail in 
Chapter 55.

Investigations most frequently cited as showing a benefit of 
psychological well-being are those of Stray-Pedersen and Stray- 
Pedersen.75 Pregnant women who previously experienced repeti
tive spontaneous abortions received increased attention but 
no specific medical therapy (“tender loving care”). These women 
(n = 16) were more likely (85%) to complete their pregnancy 
than women (n — 42) not offered such close attention (36%). 
One pitfall was that only women living close to the university 
were eligible to be placed in the increased-attention group. 
Women who lived farther away served as controls; however, 
these women may have differed from the experimental group in 
other ways as well. Other studies have also reported a beneficial 
effect of psychological well-being.75' 6 Again, pitfalls exist in 
study design, and the biologic explanation for this salutary effect 
remains obscure.

COMMON MEDICATIONS
Nonsteroidal antiinflammatory drugs (NSAIDs) are widely used 
during pregnancy. A recent cohort of 65,457 women found 
no increased risk of early pregnancy loss for specific NSAID 
drugs except for a significantly increased risk with exposure to 
indomethacin.77

A large Danish epidemiologic study of 22,061 pregnancies 
exposed to antidepressants found a slightly increased risk of 
miscarriage.78 Among women with a diagnosis of depression, 
antidepressants in general, and individual selective serotonin 
reuptake inhibitors (SSRIs) in particular, are not associated 
with miscarriage. In a similar study from Denmark, women 
taking antiepileptic drugs were not at a higher risk of early 
pregnancy loss.7
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Chapter 27 Early Pregnancy Loss and Stillbirth 589

MANAGEMENT OF RECURRENT 
EARLY PREGNANCY LOSS
Although some epidemiologic, clinical, and biochemical risk 
factors are clearly associated with REPL, a specific etiology in 
most cases remains unknown. Two main concepts have domi
nated the literature on this topic in the last two decades: 
(1) that REPL is mainly caused by aneuploid conceptions 
and other genetic errors and that the recurrence rate can be 
explained by the combination o f chance and increased risk 
and (2) that maternal thrombophilic, endocrine, or immune 
system abnormalities play a main role in causing loss of 
euploid conceptions.

Faced with a couple who has experienced a miscarriage, the 
obstetrician has several immediate obligations that are to (1) 
provide the couple information on the overall frequency of fetal 
wastage (10% to 12% of clinically recognized pregnancies80 and 
many more unrecognized) and likely etiology (genetic and espe
cially cytogenetic); (2) provide them with individual applicable 
recurrence risks (see Table 27-2); and (3) determine the necessity 
for a formal clinical evaluation that includes ultrasound screen
ing for uterine anomalies and laboratory screening of parental 
chromosomes and maternal aPLs. Fulfilling the responsibility to 
inform patients can be facilitated by summarizing the salient 
facts cited in this chapter, emphasizing common etiologies 
responsible for fetal losses. Explicitly worth citing is the positive 
correlation between loss rates and both maternal age and prior 
losses. The maternal age effect is not solely the result of increased 
aneuploid conception but is also reflective of endometrial vas
cular, endocrinologic, and immunologic factors.

When Is Formal Evaluation Necessary?
A couple who experiences even one loss should be counseled 
and provided with recurrence risk rates. However, not 
every couple needs formal assessment and a battery o f tests.
Infertile couples in which the female partner is in her late thirties 
or older may choose to be evaluated formally after only two 
losses and may opt for PGD aneuploidy testing if  they require 
in vitro fertilization (IVF). After three losses, couples have 
traditionally been directed to formal evaluation. Although a 
firm scientific basis for waiting until three losses is lacking, 
this is the benchmark for the RCOG and the European 
Society o f Human Reproduction and Embryology (ESH RE) .80 
The ACOG defines recurrent loss as either two or three 
consecutive losses. This 2001 ACOG guideline81 is perhaps 
more defensible scientifically, but the “consecutive” part is 
arguable.

A couple being evaluated should undergo all the tests used 
by a given practitioner. Little rationale exists for pursuing 
certain studies after two losses yet deferring others until three or 
more losses. Any couple who has a stillborn or anomalous 
liveborn infant should undergo cytogenetic studies unless 
the stillborn was known to have a normal chromosomal 
complement. Parental chromosomal (conventional metaphase) 
rearrangements (i.e., translocations or inversions) should be 
excluded. If chromosomal studies on the stillborn were unsuc
cessful, common aneuploidies can still be ruled out by perform
ing FISH on stored deparaffined tissue.

Recommended Evaluation
Couples who experience only one first-trimester spontaneous 
abortion should receive relevant information but not necessarily

a formal evaluation. They should be apprised of the relatively 
high (10% to 15%) pregnancy loss rate in the general popula
tion and also the beneficial effects of miscarriage in eliminating 
abnormal conceptuses. The clinician can also provide relevant 
recurrence risks; usually 20% to 25% of subsequent losses occur 
to couples who had a prior liveborn infant, and this statistic is 
only slightly higher in the absence of a prior liveborn infant (see 
Table 27-1). However, risks are higher for older women than 
younger women. If a specific medical illness exists, treatment is 
obviously necessary. If present, intrauterine adhesions should be 
lysed. Otherwise, no further evaluation need be undertaken, 
even if  uterine anomalies or leiomyomas are present.

Investigation may or may not be necessary after two sponta
neous abortions, depending on the patient’s age and personal 
desires; after three, evaluation is usually indicated. If not done 
previously, the clinician should (1) obtain a detailed family 
history, (2) perform a complete physical examination, (3) discuss 
recurrence risks, and (4) order selected tests enumerated in this 
chapter. Occurrence of a stillborn or liveborn infant with anom
alies warrants genetic evaluation irrespective of the number of 
pregnancy losses.

Parental chromosomal studies should be undertaken on all 
couples who experience repetitive losses. Antenatal chromo
somal studies should be offered if  a balanced chromosomal 
rearrangement is detected in either parent or if  autosomal 
trisomy occurred in any previous abortus.

Although it is perhaps impractical to karyotype all abortuses, 
cytogenetic information on abortuses is valuable. Detection of 
a trisomic abortus suggests recurrent aneuploidy, which justifies 
prenatal cytogenetic studies in future pregnancies. Performing 
invasive prenatal cytogenetic studies solely on the basis of 
repeated losses is more arguable but not unreasonable among 
women aged 30 years and older.

Endocrine causes for repeated fetal losses include poorly con
trolled diabetes mellitus, overt thyroid dysfunction, and elevated 
maternal TSH levels. Subclinical diabetes or subclinical thyroid 
disease (TSH >2.5 mlU/L) should not be considered firm expla
nations.8'  Luteal phase defects are also no longer considered a 
likely explanation, although luteal support (progesterone) is still 
prescribed in pregnancies achieved with IVF. Progesterone sup
plementation is safe for both mother and baby, but data are 
insufficient to support its routine use in women with REPL. 
Larger trials are currently underway to inform treatment for this 
group of women.

O f infectious agents, only C. trachomatis and U. urealyticum  
seem equally plausible because these two agents generate chronic 
infections and potentially repetitive losses, whereas others are 
more likely to cause only sporadic losses. The endometrium 
could be cultured for U. urealyticum. Alternatively, a couple 
could be treated empirically with doxycycline. The prevalence of 
chronic endometritis is 7% in REPL, and the live birth rate is 
increased after antibiotic therapy; this suggests a subgroup of 
REPL may benefit from this management approach.83

If spontaneous abortion occurs after 8 to 10 weeks’ gestation, 
a uterine anomaly should be considered a potential cause, and 
the uterine cavity should be explored by hysteroscopy or hys- 
terosalpingography. Intrauterine adhesions should be lysed. If a 
miillerian fusion defect (septate or bicornuate uterus) is detected 
in a woman who has experienced one or more second-trimester 
spontaneous abortions, surgical correction may be warranted.

Women with either acquired or inherited thrombophilias 
appear to have a slightly increased risk for first-trimester
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590 Section V Complicated Pregnancy

pregnancy loss. Thrombophilias explain at best only a small 
portion of first-trimester losses. The likelihood is much greater 
that thrombophilias are the cause of a second-trimester loss. 
Anticoagulant agents such as aspirin and heparin have been 
shown to increase the chance of live birth in subsequent preg
nancies in women with REPL associated with antiphospholipid 
syndrome.84 W hether antithrombotic therapy increases the 
chances of live birth in women with inherited thrombophilia 
remains unknown. RCTs have consistently shown no beneficial 
effect of antithrombotic therapy in women with unexplained 
REPL.85'84

The clinician should discourage exposure to cigarettes and 
alcohol yet not necessarily ascribe cause and effect in an indi
vidual case. Similar counsel should apply for exposures to other 
potential toxins. Identification of substance abuse and environ
mental history during the preconception period provides an 
opportunity to assist women in reducing major health risks in 
addition to reducing early pregnancy loss (see Chapters 6 and 8).

Idiopathic secondary REPL may be associated with an abnor
mal maternal immune response to subsequent pregnancies, and 
some authors have proposed that women with REPL should be 
investigated for autoimmune and cellular immune abnormali
ties. It is speculated that in women, an elevation of natural killer 
(NK) cells may have an effect on reproductive performance, and 
NK cell levels in blood are currently being used as a diagnostic 
test to guide the initiation of therapies in both infertile women"' 
and in those who present with REPL. A recent meta-analysis 
of studies that evaluated peripheral NK cell percentages and 
numbers in women with recurrent miscarriage (RM) versus 
controls showed significantly higher NK cell percentages in 
women with RM .86 Several immunotherapies have been used to 
treat women with otherwise unexplained losses. Paternal cell 
immunization, third-party donor leukocytes, trophoblast mem
branes, and intravenous immunoglobulin provide no significant 
beneficial effect over placebo in improving the live birth rate.* ,88

LATE PREGNANCY LOSS (STILLBIRTH)
Stillbirth is the term used to describe pregnancy loss at 20 
weeks’ gestation or greater. By weight, the definition is 350 g, 
the 50th percentile at that week of gestation. The frequency 
of stillbirths in the United States is 1 in 160 deliveries, or 
25,000 annually. Stillbirths are increased in a large number of 
conditions whose management is discussed elsewhere in this 
text (see Chapter 11). These conditions include obesity, mul
tiple gestations with or without prematurity, infections (e.g., 
parvovirus-B19), advanced maternal age, and a host of systemic 
maternal diseases that include but are not limited to diabetes 
mellitus, chronic and gestational hypertension, autoimmune dis
eases, and renal and thyroid diseases. Passive and active smoking 
and illicit drug use during pregnancy separately or in combi
nation are associated with an increased risk of stillbirth (OR
1.94).89 Table 27-4 shows prevalence and estimated rates com
piled in 2005 by Fretts90 and reproduced in 2009 by ACOG.16

Pregnancy loss after 20 weeks is higher overall in blacks (11 
per 1000) than in other ethnic groups (6 per 1000), which 
include Hispanics and Native Americans.16

Recurrence
Recurrence reflects disease severity and ability to treat; thus no 
single risk factor is necessarily appropriate. However, a few risk

TABLE 27-4 E S T IM A T E S  OF M A T E R N A L  R ISK

F A C T O R S  A N D  R ISK  FOR S T IL L B IR T H

PREVALENCE
AMONG ODDS

CONDITION STILLBORNS RATIO

General population — 1.0
Previous growth-restricted infant 7% 2-4.6

(<10%)
Previous stillbirth 1% 1.4-3.2
Multiple gestation:

Twins 3% 1.0-2.8
Triplets 0.1% 2.8-3.7

Low-risk pregnancies 80% 0.86
Hypertensive disorders:

Chronic hypertension 6%-10% 1.5-2.7
Pregnancy-induced hypertension

Mild 6%-8% 1.2-4.0
Severe l%-3% 1.8-4.4

Diabetes:
Treated with diet 3%-5% 1.2-2.2
Treated with insulin 2.4% 1.7-7.0

Systemic lupus erythematosus <1% 6 to 20
Renal disease <1% 2.2-30
Thyroid disorders 0.2%-2% 2.2-3.0
Thrombophilia l% -5% 2.8-5.0
Cholestasis of pregnancy <0.1% 1.8-4.4
Smoking >10 cigarettes daily 10%-20% 1.7-3.0
Obesity (prepregnancy):

Body mass index 25-29.9 kg/m2 21% 1.9-2.7
Body mass index >30 20% 2.1-2.8

Advanced maternal age (reference
<35 yr):
35-39 years 15%-18% 1.8-2.2
>40 years 2% 1.8-3.3

Black women compared with white 15% 2.0-2.2
women

Low educational attainment (<12 yr 30% 1.6-2.0
vs. >12 yr)

Modified from the American College of Obstetricians and Gynecologists (ACOG). 
Practice Bulletin: Management of Stillbirth. No. 102:1. Washington, DC: ACOG; 2009.

factors are broadly applicable. Maternal age is positively corre
lated with stillborn risk. This reflects not only the predictable 
known fetal etiologies (e.g., chromosomal abnormalities) but 
also maternal complications that are simply age related.

Stillbirth occurs more often in primiparous women of a 
given age than in multiparous women o f comparable age. 
This may correlate to difficulty in achieving pregnancy, which is 
of greatest relevance to women who require ART. Women who 
are subfertile (increased time to pregnancy) but never require 
ART have an increased risk for birth defects compared with 
women who achieve pregnancy in less than 1 year.91 Offspring 
o f both ART couples and subfertile couples who do not 
require ART have 20%  to 30%  more birth defects (OR 1.2 
to 1.3) than offspring o f women who previously became 
pregnant within 12 months o f attempting.11

Risks for stillbirth are highest (twofold) in women deliv
ered o f a growth-restricted infant earlier than 32 weeks’ ges
tation.92,93 This risk is, incidentally, independent of mode of 
delivery (cesarean or vaginal). Using Scottish morbidity records 
(1981 to 2000), the odds ratio for stillbirth recurring in the 
second  pregnancy was 1.94.94 A recent systematic review and 
meta-analysis indicated that compared with vaginal birth, 
women with a previous cesarean delivery (CD) are at higher risk 
of unexplained stillbirth.95 The etiology behind the higher rates
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Chapter 27 Early Pregnancy Loss and Stillbirth 591

of stillbirth in subsequent pregnancies after CD remains 
unknown, but a higher incidence of placental abruption after 
CD suggests impaired placentation.

Genetic Factors
Genetic factors for stillbirths are receiving increased recognition 
by the ACOG, which has provided specific management recom
mendations. Chromosomal abnormalities or significant copy 
number variants (microdeletions, microduplications) are 
detected in 8% to 13%  o f stillbirths.1 % 1 Thus special effort 
should be made to determine chromosomal status o f a still
born. It is now recognized that the traditional approach of 
obtaining fetal tissue after a stillborn infant has been delivered 
is suboptimal. Cell culture often fails and leads to no results in 
perhaps 50% to 75% of cases. Successful culture for chromo
somal analysis occurs in 80%  when amniocentesis is used to 
obtain cells. It is tempting to eschew an invasive procedure in 
an already stressed patient, but this would not be in her long
term best interest. Alternatively, as discussed earlier, array CGH 
does not require cultured cells and further detects microdele
tions and microduplications not detectable by a karyotype.

Detecting even trisomies clinically by examination of a still
birth is unexpectedly difficult because maceration occurs within 
days of fetal demise. Thus medical records that state lack of 
dysmorphia should be suspect, save for obvious structural defects 
(e.g. cleft lip, myelomeningocele). Ultrasound results obtained 
when the pregnancy was still viable are probably more reliable. 
If amniocentesis cannot be performed or if cultures fail, an 
attempt should be made to obtain FISH results to exclude 
common trisomies. This can be done on placental tissues, umbil
ical cord segments, or internal (noncontaminated) tissues such 
as connective tissue.

The major yield o f autopsy for a stillborn fetus is detection 
of an unrecognized mendelian explanation. This obviously 
alters management in subsequent pregnancies, for which reason 
a major effort should be exerted. Whole-body photographs and 
whole-body radiographs are appropriate, as is placental examina
tion by a physician with requisite expertise. Considerable prog
ress has been made in particular in diagnosing skeletal dysplasia, 
often an autosomal-recessive disorder that can recur in subse
quent pregnancies. Other disorders may be autosomal-dominant 
disorders that arise as a result of de novo mutations. Distinguish
ing between these two possibilities is important because the 
recurrence risk should be almost nil if  the etiology is a de novo 
autosomal dominant disorder. If parents refuse autopsy, the 
provider should attempt to obtain as much information as pos
sible: photographs, radiographs or magnetic resonance images, 
ultrasound, and examination by a geneticist. A head-sparing 
autopsy is preferable to no autopsy and may be acceptable to 
the parents.

Polygenic/Multifactorial Disorders
The frequency of virtually any isolated birth defect is higher 
among stillborn fetuses than among neonates. This reflects 
adverse selection in utero, a phenomenon recognized for years 
in ultrasound surveillance. If an isolated, organ-specific defect 
occurs (e.g., cardiac), polygenic/multifactorial etiology and 
recurrence risks (2% to 5%) usually apply. On the other hand, 
such a defect may be merely the only one evident but is actually 
a component of a multiple-malformation complex. Ability to 
distinguish between these possibilities is a major reason for

BOX 27-1 MATERNAL LABORATORY TESTS 
RECOMMENDED BY THE AMERICAN COLLEGE 
OF OBSTETRICIANS AND GYNECOLOGISTS 
AFTER STILLBIRTH

All Mothers of Stillborn Infants

• C o m p le te  b lo o d  c o u n t
• K le ih a u e r-B e tke  o r o th e r  te s t fo r  fe ta l ce lls  in th e  

m a te rn a l c irc u la tio n
• H um an  p a rvo v iru s -B 1 9  im m u n o g lo b u lin  G; 

im m u n o g lo b u lin  M  a n tib o d y
• S y p h ilis
• L u p us  a n tic o a g u la n t
• A n t ic a rd io lip in  a n tib o d y
• T h y ro id -s tim u la tin g  h o rm o n e

Selected Mothers of Stillborn Infants
• T h ro m b o p h ilia :

• F acto r V  Le iden
• P ro th ro m b in  gene  m u ta tio n
• A n tith ro m b in  III
• H o m o c y s te in e  (fas tin g )

• P ro te in -S  and p ro te in -C  a c tiv ity
• Paren ta l ka ryo typ e s
• In d ire c t C o o m b s  te s t
• G lucose  sc re e n in g  (ora l g lu co se  to le ra n c e  tes t, 

h e m o g lo b in  A1c)
• T o x ic o lo g y  screen

Data from  the American College o f Obstetricians and Gynecologists 
(ACOG). Practice Bulletin: Management o f S tillb irth. No. 102:1. Washing
ton, DC: ACOG; 2009.

autopsy. The multiple malformation syndrome could indicate 
mendelian etiology.

Maternal Evaluation
Certain maternal laboratory tests are recommended by 
ACOG (Box 27-1). O f course, a mother whose pregnancies have 
medical complications has already undergone many tests, and 
the cause of the stillbirth may seem obvious (e.g., diabetes mel
litus). It is prudent, however, to order all these laboratory tests 
because the ostensible diagnosis may prove erroneous. O f note, 
ACOG does not recommend testing for antinuclear antibodies 
and certain serologies (toxoplasmosis, rubella, cytomegalovirus, 
herpes simplex virus), nor do they recommend genetic tests 
other than a karyotype. However, it is likely in the foreseeable 
future that array CGH (see Chapter 10), a panel of organ- 
specific mutations (e.g., skeletal dysplasias), or other genetic tests 
will prove practical. Caution is necessary before concluding that 
a stillbirth was caused by a condition signified by a positive 
laboratory test (e.g., thrombophilia), and such a finding does 
not obviate the need for fetal autopsy and fetal genetic tests.

Management in Subsequent Pregnancies
Quality ultrasound and vigilant fetal surveillance are universally 
recommended. Induction is recommended at 38 weeks, but 
before that time, only with demonstrated fetal lung maturity. 
Management otherwise will focus on any specific maternal 
factors identified (e.g., diabetes mellitus). In some pregnancies, 
management will differ little from that of the general obstetric 
patient. In others, prenatal genetic diagnosis will be necessary.
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592 Section V Complicated Pregnancy

OBSTETRIC OUTCOME AFTER EARLY 
PREGNANCY COMPLICATIONS
Most early pregnancy complications occur before 12 weeks of 
gestation and involve placentation and early placental develop
ment. Increasing evidence shows that many failures of placenta
tion are associated with an imbalance of free radicals, which will 
further affect placental development and function and may sub
sequently have an influence on both the fetus and the mother 
but are often ignored by clinicians.2

Complications that include miscarriage, threatened miscar
riage with or without an intrauterine hematoma, and vanishing 
twin are extremely common in early pregnancy throughout the 
world. Very little is known about the short- and long-term 
consequences of these complications on ongoing and, in particu
lar, subsequent pregnancies. Most data available are derived from 
small retrospective series of many different complications and 
pathologies or large series that describe specific pathology but 
with wide variations in the definitions of the pathophysiology.

Recent meta-analysis and reviews have indicated an 
increased risk for adverse outcome in ongoing pregnancies 
after an early pregnancy event. Clinically relevant associations 
of adverse outcome in the subsequent pregnancy with an odds 
ratio higher than 2 after complications in a previous pregnancy 
are the risk for perinatal death after a single previous miscarriage; 
the risk for very preterm delivery (VPTD) after two or more 
miscarriages; and the risk for placenta previa, premature preterm 
rupture of membranes (PPROM), VPTD, and low birthweight 
(LBW) after recurrent miscarriage.98 Clinically relevant associa
tions of adverse obstetric outcome in the ongoing pregnancy 
with an odds ratio higher than 2 after complications in the index 
pregnancy are the risks for preterm delivery (PTD), VPTD, 
placental abruption, small for gestational age (SGA), LBW, and 
very low birthweight (VLBW) after a threatened miscarriage 
episode; pregnancy-induced hypertension, preeclampsia, placen
tal abruption, PTD, SGA, and low 5-minute Apgar score fol
lowing the detection of an intrauterine hematoma; and VPTD, 
VLBW, and perinatal death after a vanishing twin phenome
non.99 These data indicate a link between early pregnancy com
plications that involve the placenta and subsequent adverse 
obstetric and perinatal outcomes.

Heterogeneity is observed among most studies, and many of 
the older controlled studies did not make adjustments for rele
vant confounders for adverse obstetric outcome— such as age, 
ART, economic status, education level, ethnicity, height, marital 
status, parity, previous obstetric outcome, prolonged infertility, 
smoking, and maternal weight— or they did not stratify for 
other first-trimester complications.98,99 However, overall more 
recent large meta-analyses and controlled population-based pro
spective studies have confirmed previous data that indicate a 
strong association between specific early pregnancy events and 
subsequent late obstetric complications in the subsequent or 
ongoing pregnancy.99 In particular, the risk for PTD and 
VPTD is increased after most first-trimester complications. 
This suggests that early detection of these risk factors could 
improve the screening of women at high risk for specific obstet
ric complications in ongoing and subsequent pregnancies. Fur
thermore, the antenatal identification of these parameters during 
the first half of pregnancy should enable better management 
protocols and new therapeutic guidelines aimed at improving 
the perinatal outcome in these groups of women at higher risk 
for abnormal pregnancy outcome.

KEY POINTS

♦ About 50% to 70% of conceptions are lost, most in the 
first trimester. Losses in preimplantation embryos are 
especially high: 25% to 50% of morphologically normal 
and 50% to 75% of morphologically abnormal embryos.

♦ Pregnancy loss is age dependent, and 40-year-old 
women have twice the loss rate of 20-year-old women. 
Most of these pregnancies are lost before 8 weeks’ 
gestation.

♦ At least 50% of clinically recognized pregnancy losses 
show a chromosomal abnormality, and those in abor
tuses differ from those found in liveborn infants, 
although autosomal trisomy still accounts for 50% of 
abnormalities. A balanced translocation is present in 5% 
of couples with REPL.

♦ M any nongenetic causes of REPL have been proposed, 
but few are proven. Efficacy of treatment often remains 
uncertain.

♦ Uterine anomalies are accepted causes of second- 
trimester losses, but their role in first-trimester losses is 
less clear. Couples who experience a second-trimester 
loss may benefit from metroplasty or hysteroscopic 
resection of a uterine septum.

♦ Drugs, toxins, and physical agents are uncommon 
causes of early pregnancy loss, especially repetitive loss. 
It should not be assumed that exposures to toxicants 
explain repetitive losses. Passive and active smoking and 
illicit drug use are associated with higher rates of both 
early pregnancy loss and stillbirth.

♦ Antiphospholipid syndrome (antibodies to LAC, aPL, 
and anti—P2-glycoprotein) is an accepted cause of 
second-trimester losses; its role in first-trimester losses 
is arguable. Strict ACOG criteria exist for applying the 
diagnosis of antiphospholipid syndrome to a woman 
who had had repeated first-trimester REPL.

♦ In REPL, prognosis is good even without therapy. The 
live birth rate is 60% to 70% even with up to four losses 
and no prior liveborn infants. An efficacious therapeutic 
regimen should show success rates greater than these 
expected background rates, or these should be assessed 
in an RCT. Women who have had more than four losses 
are less likely to have a cytogenetic explanation and may 
have a different prognosis.

♦ The frequency of chromosomal abnormalities in still
births (losses after 20 weeks’ gestation or weighing at 
least 350 g) is underappreciated, as are nonchromo- 
somal genetic factors (e.g., syndromes). Tissue for cyto
genetic studies should be obtained by amniocentesis or 
chorionic villus sampling; cultures initiated from post
delivery products often lead to unsuccessful culture.

♦ A major effort should be exerted to obtain full autopsy 
and imaging on all stillbirths because findings can alter 
management in future pregnancies. If a couple declines 
an autopsy, whole-body radiographs, magnetic reso
nance imaging, and other noninvasive imaging should 
be pursued.

♦ Adverse first-trimester events or complications in a 
current or previous pregnancy may interfere with 
normal placentation and increases the risks for specific 
later obstetric complications.
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Preterm prem ature rupture  o f the PPROM

m em branes
Randomized contro lled  tria l RCT
Receiver operating characteristic curve ROC
Royal College o f O bstetricians and RCOG

Gynaecologists
Society fo r M aternal-Fetal M edicine SMFM
Spontaneous preterm  birth sPTB
Transabdom inal ultrasound TAU
Translabial u ltrasound TLU
Transvaginal u ltrasound TVU

OVERVIEW
Since the initial description in 1658 of the cervix being “so slack 
that it cannot keep in the seed” by Cole and Culpepper,1 
few subjects in obstetrics have generated as much controversy as 
the term cervica l incompetence, now more correctly termed cervi
cal insufficiency. The competent or “sufficient” human uterine 
cervix is a complex organ that undergoes extensive changes 
throughout gestation and parturition. It is a key structure 
responsible for keeping the fetus and membranes inside the 
uterus until the end of gestation and for undergoing significant 
changes to allow the delivery of the baby during spontaneous or 
induced labor.

The cervix is primarily fibrous connective tissue composed 
of an extracellular matrix that consists o f collagen types I  and
I I ,  elastin, proteoglycans, and a cellular portion that consists 
of smooth muscle and blood vessels. A complex remodeling 
process of the cervix occurs during gestation that involves 
timed biochemical cascades, interactions between the extracel
lular and cellular compartments, and cervical stromal infiltration 
by inflammatory cells.2 Any disarray in this timed interaction 
could result in early cervical ripening, cervical insufficiency, and 
preterm birth (PTB) or miscarriage.

The incidence o f cervical insufficiency in the general 
obstetric population is reported to vary between approxi
mately 1/100 and 1/2000.3 I f  women with a singleton gesta
tion, a prior spontaneous preterm birth (sPTB), and a current 
transvaginal ultrasound (TVU) cervical length (CL) less than 
25  mm are labeled as having cervical insufficiency, the inci
dence is about 3% to 4 %.4 W ide variations in estimating the 
incidence are likely due to real biologic differences among study 
populations, the criteria used to establish the diagnosis, and 
reporting bias between general practitioners and referral centers. 
Once considered a discrete entity reserved for patients with a
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596 Section V Complicated Pregnancy

history of midtrimester loss associated with painless cervical 
dilation, in the last few years, this diagnosis has become a com
ponent of the spontaneous preterm birth syndrome (see Chapter 
29). Strategies that include the identification of a short cervix 
in the index gestation have been developed with different man
agement protocols utilized to reduce the rate of PTB.

C E R V IC A L  IN S U F F IC IE N C Y : 
A  D IS T IN C T  E N T IT Y  O R E V ID E N C E  
O F PR ETER M  P A R T U R IT IO N ?
In 1962, Danforth and Buckingham’ suggested that cervical 
incompetence was not an all-or-none phenomenon; rather it 
comprised degrees o f insufficiency, and combinations of 
factors could cause “cervical failure.” These classic investiga
tions demonstrated that unlike the uterine corpus, the normal 
cervix is composed predominantly of connective tissue. This 
fibrous band is the chief mechanical barrier against the loss of 
the enlarging products of conception. The cervix and mucous 
glands also play an important immunologic role in preventing 
vaginal flora from ascending into the normally sterile intrauter
ine environment.

In a subsequent report, these investigators analyzed cervical 
biopsies taken from postpartum women and compared them 
with hysterectomy specimens from nonpregnant patients.6 Preg
nancy was associated with increased water content, a marked 
decline in collagen and glycoprotein, and increased glycosami- 
noglycans. The cellular and biochemical changes suggested 
that cervical dilation in pregnancy is a dynamic process, 
and this might explain why a woman could have a pregnancy 
outcome consistent with cervical insufficiency in one pregnancy 
but then, without treatment, have a subsequent term birth. 
Presumably, the factors that incite the pathologic cervical 
changes might vary among pregnancies. Women with a more 
muscular cervix might have heightened susceptibility to factors 
that lead to cervical changes and PTB.

These earlier observations were enlarged by Leppert and col
leagues,7 who reported an absence of elastic fibers in the cervix 
of women with clinically well-characterized cervical insuffi
ciency on the basis of their reproductive history. Conversely, 
cervical biopsy specimens from women with normal pregnancies 
showed normal amounts and orientation of these elastic fibers. 
It is unknown whether these microstructural and biochemical 
phenomena were congenital, acquired from previous trauma, or 
the result of other pregnancy-associated pathologic conditions. 
Collectively, these biochemical and ultrastructural findings 
support the variable, and often unpredictable, clinical course of 
women with a history of cervical insufficiency.8

Whereas the traditional paradigm depicted the cervix as either 
competent or incompetent, both clinical data9,10 and interpre
tative reviews11,1'  suggest that, as with most other biologic 
processes, cervical “competence” is rarely an all-or-none phe
nomenon. The term cervical insufficiency has been historically 
thought to represent a defect inherent in the cervix itself that 
leads to an inability to retain a pregnancy. Initial treatment, as 
we will discuss later, was aimed at preventing pregnancy loss by 
reinforcing the structural integrity of the cervix and repairing 
the defect in the cervical stroma. However, as we have gained 
more insight into the various surgical, mechanical, and bio
chemical modalities used to treat cervical pathology, inves
tigators have questioned whether abnormal cervical anatomy is

the dominant cause or whether, at times, other factors play a 
major role.

Cervical insufficiency, as classically defined, is recurrent 
painless cervical dilation that leads to three or more midtri
mester births.13 However, painful contractions are not a promi
nent feature of early cervical change, with the magnitude of 
contraction-related pain inversely proportional to the extent of 
cervical ripening prior to their onset.14 In contrast to a proposed 
mechanism of defective cervical tissue, although some patients 
may have tangible anatomic evidence of poor cervical integrity, 
most women with a clinical diagnosis of cervical insufficiency 
have ostensibly normal cervical anatomy. Knowing whether cer
vical integrity was compromised by a primary mechanical defi
ciency, versus other local or systemic factors, would help to 
define the optimal therapy. In a proposed model o f cervical 
competence as a continuum, a poor obstetric history attrib
uted to cervical insufficiency likely results from a process of 
premature cervical ripening induced by myriad underlying 
processes that include infection, inflammation, local or sys
temic hormonal effects, or even genetic predisposition. If and 
when cervical integrity is compromised, other processes may be 
stimulated (e.g., premature membrane rupture, preterm labor) 
and appear clinically as the spontaneous preterm parturition 
syndrome, which may also contain features related to the uterus 
and chorioamnion.15 Thus the term cervica l insufficiency may be 
increasingly considered a clinically convenient label to describe 
a complex and poorly understood process of premature cervical 
ripening and the midtrimester onset of parturition. Given this, 
we recognize that newer approaches to the management of cervi
cal insufficiency have been included within the broader topic of 
PTB prevention.

S H O R T  C E R V IX
Traditionally, cervica l insufficiency (C l) has been defined by cri
teria based solely on obstetric history: painless cervical dilation 
that leads to recurrent second-trimester births in the absence of 
other causes. The modern approach allows the diagnosis of Cl 
to be made in primigravidas or in multigravidas without mul
tiple prior pregnancy losses. This new description defines Cl 
by the presence o f both (1) TVU cervical length less than 
25 mm and/or cervical changes detected on physical exami
nation before 24 weeks o f gestation and (2) prior sPTB at 
less than 37 weeks. Regarding this second criterion, some limit 
it to sPTB up to 34 weeks.4 TVU screening is the gold standard 
for evaluation of the CL for prediction of PTB. CL can also be 
measured with transabdominal ultrasound (TAU) or translabial 
ultrasound (TLU), but these techniques should not be used 
clinically for prediction of PTB because TVU is superior in 
many ways. The TAU CL measurement is less sensitive in detect
ing a short CL, is noted to overestimate CL and underdiagnose 
short CL,"’ and has several additional limitations: (1) a full 
bladder is needed; (2) the cervix maybe obscured by the fetal 
parts; and (3) the image is of poorer quality because of the 
distance from the abdominal probe to the cervix.17 TVU CL 
screening has been shown to have superior cost-effectiveness 
compared with TAU because TVU is associated with better 
prevention of PTB.18 All major guidelines that have described 
CL screening have clearly recommended TVU, including the 
Society for Maternal-Fetal Medicine (SM FM ),19 American 
College of Obstetricians and Gynecologists (ACOG),20 and the 
Royal College of Obstetricians and Gynaecologists (RCOG).21
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Chapter 28 Cervical Insufficiency 597

TLU is also less sensitive and less predictive than TV U .17,21 
Given this evidence, TAU or TLU should not be used for CL 
screening. Moreover, TVU has been shown to be more predic
tive of sPTB compared with digital manual examination of the

• 22 cervix.
TVU CL screening should be done using the technique 

described by the Cervical Length Education and Review 
(CLEAR) program23 and the SMFM through its Perinatal 
Quality Foundation. The CLEAR program provides an official 
education program on TVU CL screening with examination and 
continuing image review to certify perinatologists, obstetricians, 
residents/fellows in training, and sonographers. TVU CL screen
ing should be performed in clinical practice only after this 
program has been completed.

TVU CL measurement is a safe, acceptable, and reliable 
screening test that is now widely used to screen women for their 
risk for PTB.24 TVU CL screening is done after the patient 
has emptied her bladder. Then, a sterile transvaginai probe is 
inserted into the anterior vaginal fornix. Initially the probe is 
withdrawn until the image blurs to reduce compression from 
the transducer, then just enough pressure is reapplied to create 
the best image. The TVU image of the cervix should occupy 
75% of the screen, and the lower tip of the bladder should also 
be visible. The anterior width of cervical thickness should be 
equal to the posterior cervical thickness, and there should be no 
increased echogenicity in the cervix because of excessive pres
sure. Prior to the measurement, the internal and external os and 
the entire endocervical canal should be identified. The calipers 
should be correctly placed to measure the distance from the 
internal to the external os (Fig. 28-1). Three measurements of 
CL are usually obtained, then m ild fundal pressure is applied 
for about 15 seconds to watch for funneling and/or cervical 
shortening. It is advisable to reduce probe pressure while fundal 
or suprapubic pressure is applied. The total time for TVU CL 
screening should be no less than approximately 5 minutes. W ith 
proper technique, the intraobserver and interobserver variabili
ties are both less than 10%. The population studied can affect 
the performance of CL screening. These include singleton versus 
multiple gestations, symptomatic versus asymptomatic women, 
intact membranes versus ruptured membranes, and prior PTB 
versus no prior PTB, as well as many others.24 Because TVU

FIG 28-1 Normal cervical length as measured by transvaginai 
ultrasound.

CL has different predictive characteristics in these different 
patient populations, they should be evaluated separately. Cur
rently, the most appropriate groups to be considered for TVU 
CL screening are24:

• Asymptomatic singleton pregnancies without prior PTB
• Asymptomatic singleton pregnancies with prior PTB
• Asymptomatic multiple pregnancies
• Symptomatic singleton pregnancies
The sensitivity and positive predictive value (PPV) of a short 

CL is very different, for example, in women with or without a 
prior PTB. In singleton gestations with no history of sPTB, the 
sensitivity of a short CL for subsequent PTB is approximately 
35% to 45% 10,25 and the PPV is approximately 20% to 30%, 
which means that the majority of women with a short cervical 
length will deliver at 35 weeks or later.10 The sensitivity of TVU 
CL is also approximately 35% in twins.2 However, the sensitiv
ity o f a short CL is much higher, about 70% , in a singleton 
pregnancy with a prior sPTB.26

R IS K  F A C T O R S  FO R C E R V IC A L  IN S U F F IC IE N C Y
Based largely on the epidemiologic associations between the 
clinical diagnosis of cervical insufficiency and antecedent his
toric factors, numerous risk factors for C l have been suggested. 
Risk factors include prior cervical destructive surgery 
(i.e., trachelectomy, loop electrosurgical excision procedure 
[LEEP], large loop excision o f the transformation zone 
[LLETZ], laser conization, or cold-knife cone biopsy), in 
utero diethylstilbestrol (DES) exposure, prior induced or 
spontaneous first- and second-trimester abortions, uterine 
anomalies, multiple gestations, or even prior sPTBs that did 
not meet typical clinical criteria for cervical insufficiency. 
Because DES usage was effectively abandoned in the early 1970s, 
this congenital risk factor is now only of historic interest.

Conversely, forced cervical dilation, which generally accom
panies midtrimester dilation and evacuation, has been associated 
with midtrimester spontaneous loss in older studies. A review 
by Atrash and colleagues31 of literature published prior to 1987 
indicated a nominal relative risk of 3. The authors appropriately 
recognized the limitations of older investigations that did not 
include proper control groups or consider important confound- 
ers. Particularly unclear was whether and to what extent the 
recorded spontaneous abortions were characterized by clinical 
circumstances consistent with CI. Women whose first pregnancy 
was terminated by an induced abortion, generally by vacuum 
aspiration, do not appear to have a significant risk for CI but 
do have a risk of PTB.31,32 A recent series of midtrimester surgi
cal abortion after cervical dilation with osmotic dilators up to
24 weeks’ gestation did not confirm the risks observed in the 
older literature33; however, the investigators speculate that their 
primary use of osmotic dilators, as opposed to mechanical dila
tors, may have diminished the associated risks.

Because trachelectomy is now rarely performed in reproductive- 
age women, the associated risks in contemporary practice are 
difficult to ascertain; however, older series confirm an appre
ciable risk of early PTB.34 W hether LEEP, LLETZ, and cervical 
conization (cold knife or laser) are significant risk factors for CI 
is still debated because the relevant outcome data are both con
tradictory for a significant pregnancy effect and investigators 
have generally focused on the risk of PTB and not CI per se. 
These associations are further confounded by the presence of and 
risk factors for intraepithelial neoplasia in addition to the type
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598 Section V Complicated Pregnancy

of procedure used; the amount of cervical tissue removed, espe
cially after repeat procedures; and the residual CL. Moreover, 
because almost all studies are retrospective and subject to con
siderable bias, existing evidence must be cautiously interpreted. 
Given the increasingly widespread use of LEEP/LLETZ and the 
obvious public health concerns, defining its associated risk is of 
particular importance.35 37

Most but not all investigators have reported an increased 
risk o f PTB before 37 weeks after LEEP or conization. In a 
meta-analysis that incorporated data from 27 studies, cold knife 
conization was associated with a 2.6-fold increased risk of PTB 
before 37 weeks (95% confidence interval [C l], 1.80 to 3.72). 
Women with prior LEEP were found to have a 1.7-fold increased 
risk of PTB (95% C l, 1.24 to 2.35) and a nearly threefold 
increased risk of preterm premature rupture of membranes 
(PPROM; 95% C l, 1.62 to 4.46); no increased risk was observed 
after laser ablation. A subgroup analysis that controlled for age, 
parity, and smoking also revealed an increased relative risk for 
preterm delivery after LEEP (relative risk [RR], 2.10; 95% C l, 
1.34 to 2.69).38 Two studies that utilized large Finnish registries 
reported an increased risk of PTB after LEEP or conization.39,40 
The first one reported a nearly threefold increased risk for PTB 
after repeat LEEP,39 consistent with other literature. The second 
noted a 2.9 relative risk (95% C l, 2.2 to 3.7) o f very preterm 
delivery (28 to 31 weeks) and a 2.1 relative risk (95% C l, 1.47 
to 2.99) o f extremely preterm delivery (<28 weeks) following 
cervical conization in a population o f over 25,000 women 
who had undergone surgical treatment o f cervical intraepi- 
thelial neoplasia (CIN).40 Possibly the most compelling associa
tion between surgical treatment of intraepithelial neoplasia and 
midtrimester birth comes from a recent systematic review and 
meta-analysis.41 These investigators identified 14 studies that 
reported early pregnancy outcomes, eight of which included 
midtrimester births. Although seven of these did not individu
ally report a significant association, the inclusion of a large 
population-based study from Norway42 confirmed a highly sig
nificant association with a pooled risk ratio of 2.6 (95% C l, 1.5 
to 4.7). The authors suggested that this increased risk was the 
result of cervical insufficiency after proportionally large excisions 
but could not confirm that other components of the sPTB 
syndrome were excluded.

Analogous to the findings of Sadler and colleagues,43 several 
investigators have studied the effect of actual specimen size from 
LEEP or conization as a better predictor of PTB. Leiman44 
concluded that the risk of PTB was increased only when the 
maximum cone height was greater than 2 cm or the volume was 
greater than 4 mL. Raio and colleagues45 performed a matched 
cohort study of 64 women who had undergone prior laser con
ization and observed no difference in the incidence of PTB 
compared with their controls (9.4% vs. 4.7% ). They further 
reported statistically similar birthweights and gestational ages at 
delivery. However, in a secondary analysis, a laser cone height 
greater than 10 mm was a significant independent risk factor for 
PTB. In a more recent retrospective study46 of 321 pregnancies 
following LEEP, a threefold increase in PTB at less than 37 
weeks was observed if the excision volume exceeded 6 mL (95% 
C l, 1.45 to 5.92) or if  the thickness of the excised tissue was 
greater than 12 mm (95% C l, 1.27 to 7.01).

Some investigators have proposed that PTB risk increases 
merely in the presence of cervical dysplasia, suggesting that the 
indication for the procedure— rather than the surgical procedure 
itself—is the more important biologic risk factor. In a recent

meta-analysis that compared 6589 patients with a history of 
LEEP to over 1 million patients without a history of excision, 
Conner and associates47 reported a modestly increased risk of 
PTB before 37 weeks following LEEP (RR, 1.61; 95% C l, 1.35 
to 1.92). However, on further analysis, those with prior LEEP 
had a risk of PTB similar to those with known dysplasia who 
had never undergone surgical excision. In a recent retrospective 
study39 that utilized a Finnish registry of approximately 450,000 
patients, prior LEEP was associated with a 1.61-fold increased 
risk for preterm delivery before 37 weeks, but the severity of 
CIN did not increase this risk. Instead, the investigators reported 
a twofold increased risk (95% C l, 1.5 to 2.9) of PTB in those 
who underwent LEEP for non-CIN lesions confirmed on his- 
topathology (e.g., condyloma acuminatum); these data suggest 
that surgery does pose an independent risk.

Poon and colleagues48 performed a secondary analysis of data 
from a clinical trial of PTB prevention and suggested that the 
risk of PTB from prior LEEP may be better reflected by a midg
estation CL. In the study, 26,867 women undergoing routine 
prenatal care had transvaginal sonographic CL screening per
formed between 20 and 24 6/7 weeks of gestation. In 473 
women who had a previous LEEP, the rate of preterm delivery 
before 34 weeks was increased (3.4% vs. 1.3%, P = .0002), and 
the median CL was significantly shorter (32 mm; interquartile 
range [IQR], 27 to 38 mm) versus 34 mm (IQR, 30 to 39 mm; 
P < .0001). After controlling for cervical length, prior LEEP was 
not a significant predictor of PTB.

Regarding history-indicated “prophylactic” treatment of pre
sumptive insufficiency following cervical surgery, Kuoppala and 
Saarikoski49 retrospectively reviewed 62 women who had under
gone cone biopsy and an equal number of matched control 
patients. The pregnancy outcomes of the 22 who underwent 
history-indicated cerclage were similar to those managed without 
cerclage, with fetal salvage rates of 97% and 100%, respectively. 
On the basis of their findings and a review of seven other pub
lished reports, they concluded that history-indicated cerclage 
should not be routinely recommended for this possible risk 
factor. O f note, in the largest published randomized trial34 of 
history-indicated cerclage for risk factors, summarized later, 
women with one or more cone biopsies or cervical amputations 
had an overall PTB rate before 33 weeks of 35%; however, in 
this population, no benefit was reported from history-indicated 
cerclage placement.

In summary, the weight o f available evidence confirms an 
association between the surgical treatment o f CIN and spon
taneous PTB. However, it should be noted that these data do 
not confirm a disproportionate incidence of midtrimester loss 
with a clinical presentation consistent with the clinical diagnosis 
of cervical insufficiency. Women who have had a large cone 
specimen removed that included cervical amputations and those 
who have undergone multiple LEEP or conization procedures 
are the ones most at an increased risk of sPTB and presumably 
earlier deliveries. W hether history-indicated cerclage would be 
an effective preventive strategy in these at-risk women remains 
speculative. Because the available clinical trial data do not 
suggest a benefit from history-indicated cerclage, these women 
may be followed for evidence of premature cervical changes 
suggestive of insufficiency. Women with a history o f prior 
cervical surgery and recurrent spontaneous midtrimester 
loss that suggests a clinical diagnosis o f insufficiency should 
be considered for a history-indicated cerclage in future preg
nancies. Those with a history o f LEEP or conization without
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Chapter 28 Cervical Insufficiency 599

a history o f prior spontaneous midtrimester loss may be 
considered as candidates for clinical surveillance.

T E S T S  FO R C E R V IC A L  IN S U F F IC IE N C Y
Because cervical insufficiency is likely part of a broader preterm 
parturition syndrome, there are few proven objective criteria 
other than perhaps a rare, gross cervical defect. For this reason, 
along with the greater research initiatives into PTB prevention, 
considerable effort has been devoted to developing objective and 
reproducible criteria for cervical insufficiency.

Most of the earlier reported tests for cervical insufficiency 
were based on the physiology of the internal os in the nonpreg
nant state and are of historic interest. Attempts at objective 
assessments include passage of a #8 Hegar dilator into the non
pregnant cervical canal without resistance,50 diminished force 
required to dislodge a Foley catheter whose balloon was placed 
above the internal os and filled with 1 mL of saline solution,51 
and assessment of cervical elastic properties.52

All such attempts at providing an objective diagnosis of cervi
cal insufficiency failed because the tests were not evaluated with 
regard to standard characteristics (e.g., sensitivity, specificity) 
against some reference standard for the diagnosis. Moreover, 
none of these tests could reasonably predict pregnancy-associated 
conditions that would lead to premature ripening and cervical 
dilation (i.e., fun ctiona l insufficiency). Finally, because no 
universally applicable standard exists for the diagnosis o f 
cervical insufficiency, and because the results o f such tests 
were never evaluated and linked to a proven effective treat
ment, their clinical utility was at best theoretic. Because 
no test for cervical insufficiency in the nonpregnant patient 
has been validated, none o f these tests are in common use 
today.

Although the literature devoted to screening for cervical insuf
ficiency has been dominated by cervical length measurements, 
there is far more of importance beyond length in assessing the 
pregnant cervix.53 M ultiple approaches have been described to 
assess the cervical microstructure, encompassing techniques to 
evaluate tissue hydration, collagen structure, and tissue elasticity. 
In a recent review by Feltovich and colleagues,53 several of these 
techniques were designated as having high clinical promise in 
assessment of the cervix, including Raman spectroscopy, back- 
scattered power loss, and shear wave speed. Currently, these 
innovative modalities are still in the early stages of development. 
However, they may ultimately improve our understanding of the 
physiology of the cervix and may have a role in the clinical 
prediction of premature cervical ripening.

C L IN IC A L  D IA G N O S IS  O F  
C E R V IC A L  IN S U F F IC IE N C Y  
Patient H istory
Cervical insufficiency has primarily been a clinical diagnosis 
characterized by a history o f recurrent painless dilation and 
spontaneous midtrimester (16 to 24 weeks) birth o f a non- 
anomalous living fetus that usually suffers neonatal death or 
serious long-term morbidities from extreme prematurity. The 
diagnosis is usually retrospective and made only after poor 
obstetric outcomes have occurred. On occasion, a patient will 
be seen who has experienced painless cervical dilation before 
delivery. In such cases, careful documentation of what has hap
pened is essential. In most cases, however, a careful history and

BOX 28-1 DIAGNOSTIC CRITERIA FOR THE CLINICAL 
DIAGNOSIS OF CERVICAL INSUFFICIENCY
• History of (recurrent) painless cervical dilation and 

midtrimester birth
• Painless midtrimester cervical shortening and dilation 

detected by serial digital evaluations

review of the past obstetric records are crucial to the diagnosis. 
However, in many instances, the records are incomplete or 
unavailable, and many women cannot provide a reliable history. 
Even with excellent records and accurate history, clinicians 
might disagree except in the most classic cases. Confounding 
factors in the history, records, or physical examination might be 
used to either support or refute the diagnosis based on their 
perceived importance.

As noted above, the physician managing a patient who 
experiences a spontaneous midtrimester birth is in the 
optimal position to assess and document whether the clinical 
criteria for cervical insufficiency were met (e.g., hourglassing 
membranes without painful regular uterine contractions) and to 
rule out other causes o f midtrimester birth (e.g., placental 
abruption, antecedent fetal death, or fetal anomaly). However, 
because the preterm parturition syndrome includes other ana
tomic components, it is possible that some cases of cervical 
insufficiency are preceded by premature chorioamnion rupture 
or develop clinically apparent uterine activity. Although intra
uterine infection might conceivably exclude the diagnosis, if  
cervical ripening and occult dilation have caused loss of the 
mucus plug, the normal barrier between the vaginal flora and 
chorioamnion is disrupted, and infection might be the present
ing clinical event.54 Although insufficiency is generally consid
ered a diagnosis of exclusion, precisely how other causes of PTB 
should be excluded has never been explicitly defined.

Because cervical insufficiency is generally a retrospective diag
nosis that depends on a history of poor outcomes, clinicians have 
sought criteria that might lead to a prospective and more objec
tive diagnosis. In women considered to be at risk for cervical 
insufficiency based on an atypical history, prior cerclage for 
questionable historic indications, or because of other identified 
risk factors as mentioned above, serial examinations may be 
performed to detect progressive shortening and dilation, leading 
to a presumptive diagnosis of insufficiency, which may then be 
amenable to therapeutic intervention (Box 28-1). Use of cerclage 
merely for the presence of various risk factors, as described 
above, is not recommended.

S O N O G R A P H IC  D IA G N O S IS  O F  
C E R V IC A L  IN S U F F IC IE N C Y
Over the past several decades, numerous investigators have sug
gested that cervical insufficiency can be diagnosed by midtrimes
ter sonographic evaluation of the cervix. Various sonographic 
findings that include CL, funneling at the internal os, and 
dynamic response to provocative maneuvers (e.g., fundal pres
sure) have been proposed (Fig. 28-2). In these earlier reports, 
the sonographic evaluations were not blinded, which led to 
uncontrolled interventions and difficulty determining their 
value. Diagnostic criteria were disparate and, in some cases, were 
not described in a quantitative or reproducible manner.

Later, large, blinded observational studies that used reproduc
ible methods were published.10'22'26 These investigators reported
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600 Section V Complicated Pregnancy

BOX 28-2 CRITERION FOR THE SONOGRAPHIC 
DIAGNOSIS OF CERVICAL INSUFFICIENCY
• Shortened cervical length (<25 mm) detected by 

midtrimester sonography in women with singletons 
and a history of spontaneous preterm birth at <34-37 
weeks

FIG 28-2 Short cervix (calipers) by transvaginai sonogram at 205/7 
weeks' gestation. Note the presence of a biofilm (sludge) that has 
been associated as a potential marker for subclinical infection. (From 
Romero R, Kusamovic JP, Espinoza J, et al. What is amniotic fluid 
"sludge"? Ultrasound Obstet Gynecol. 2007;30:793-798.)

the relationship between midtrimester cervical sonographic 
findings and PTB and sought to identify cervical changes that 
indicated a dominant cervical etiology and the possibility for 
intervention. The Eunice Kennedy Shriver National Institutes 
of Child Health and Human Development (NICHD) Maternal- 
Fetal Medicine Units (MFMU) Network10 completed a study 
of 2915 unselected women with a singleton pregnancy who 
underwent a blinded cervical sonographic evaluation at 22 to
24 weeks’ gestation: the relative risk o f sPTB increased steadily 
as the measured CL shortened. In spite o f this highly signifi
cant relationship, as a test for predicting spontaneous PTB 
at less than 35 weeks, a CL cutoff o f less than 26 mm (the 
population 10th percentile) had low sensitivity (37%) and 
poor PPV (18%). Midtrimester birth consistent with cervical 
insufficiency was not specifically reported, but examination of 
the survival curve suggests that less than 5% of women with a 
CL of 25 mm or less at 22 to 24 weeks delivered prior to 28 
weeks. Moreover, the circumstances of these early births were 
not reported, so clinical criteria for insufficiency could not be 
assessed. Thus in an unselected population, shortened CL at 22 
to 24 weeks appeared to be a very ineffective tool for identifying 
women with cervical insufficiency.

In a subsequent study, the NICHD M FM U Network26 exam
ined the utility of cervical ultrasound as a predictor of sPTB at 
less than 35 weeks in high-risk women, defined as those having 
at least one prior sPTB at less than 32 weeks. Women with a 
clinical diagnosis of cervical insufficiency were excluded. Begin
ning at 16 to 18 weeks of gestation, 183 gravidas underwent 
serial, biweekly sonographic evaluations until the 23rd week of 
gestation. The study design permitted analysis of the shortest 
observed CL over time, which also included any fundal pressure- 
induced or spontaneously occurring CL shortening. As in the 
previous study,10 a highly significant inverse relationship was 
found between CL and spontaneous PTB. However, in this 
high-risk population, at a CL cutoff of less than 25 mm, the 
sensitivity increased to 69%, and the PPV increased to 55%. 
Importantly, a secondary analysis of the data suggested that these 
high-risk women with a shortened CL might have a clinically 
significant component of diminished cervical competence because

a preponderance of midtrimester births occurred at less than 27 
weeks in this group.55

These reports10,26 support the concept o f shortened CL as 
a surrogate measure o f cervical competence, but the actual 
identification o f an appropriate CL cutoff that should lead 
to clinical intervention and confirmation o f the potential 
contribution o f related cervical sonographic findings (e.g., 
funneling at the internal os) remains problematic. Clearly, 
cervical sonography has a lower sensitivity (about 30% to 
40%) as a screening test in low-risk women (i.e., singleton 
gestations without prior sPTB),111 but it appears to have sig
nificant utility for identifying clinically significant cervical 
pathology in women with a prior early sPTB.26’’6

Although some investigators have included women with 
various risk factors in their study populations composed primar
ily of women with previous sPTB, the results could not be 
subcategorized because of small sample sizes.56 However, in a 
recent series of 64 women with various uterine anomalies, the 
authors observed an overall preterm delivery rate at less than 35 
weeks of 11 % and found a significant relationship between CLs 
of less than 25 mm and PTB,30 with summary predictive values 
similar to those of other high-risk populations.26

Use of cervical ultrasound in twin gestations has also been 
reported.^ However, the screening test characteristics, especially 
sensitivity and PPV (<40%), appear to be generally lower than 
for women with a prior early sPTB. A systematic review58 sum
marized the predictive value of vaginal sonography for PTB in 
46 published series of both asymptomatic and symptomatic 
gravidas carrying singleton or twin gestations. Eleven series of 
asymptomatic women with twins were included. The relation
ship between cervical shortening and PTB was much stronger 
in the singleton, as opposed to the twin, populations in both 
receiver operator curve and meta-analytic assessment of likeli
hood ratios. Because the management of twins with shortened 
CL has been particularly problematic, it is unclear how we 
should be using CL measurements in multiple gestations outside 
of clinical trials (Box 28-2).

D IA G N O S IS  O F C E R V IC A L  IN S U F F IC IE N C Y  
O N  P H Y S IC A L  E X A M IN A T IO N
Uncommonly, a patient in the midtrimester will present with 
vague pelvic symptoms such as increased pressure and vaginal 
discharge with increased urinary frequency but without 
other symptoms o f urinary tract infection. Physical exam with 
a speculum reveals a relatively uneffaced but dilated cervix (at 
least 1 to 2 cm but generally less than 5 cm) and membranes 
visible at or beyond the level of the external os. Fetal parts or 
the umbilical cord might be seen behind the membranes or 
even contained in the prolapsing sac. Significant uterine con
tractions and clinical evidence of intrauterine infection (e.g., 
fever, uterine tenderness) are absent, and a period of observation 
and monitoring for overt infection and labor are generally
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Chapter 28 Cervical Insufficiency 601

performed to establish a diagnosis. This is termed a cu te  c e r v ica l  
insufficiency. Presumably, these findings were antecedent 
events in most i f  not all cases o f midtrimester birth later 
attributed to cervical insufficiency based on historic criteria. 
However, this presentation provides a unique clinical oppor
tunity to witness the natural history o f cervical insufficiency, 
explore possible etiologies, and consider the effectiveness of 
different interventions (Box 28-3).

T R E A T M EN T : C E R C L A G E
The contemporary mainstay of treatment has been a surgical 
approach using one of the classic cerclage procedures, although 
both medical treatments and other mechanical supportive thera
pies have been used.

Cerclage T e ch n iq u e
The proper placement o f a suture in the uterine cervical stroma 
and/or around its perimeter to treat cervical insufficiency or 
prevent preterm delivery has been the subject of debate because 
of the lack of proper randomized studies to assess different 
perioperative strategies.19 Techniques based on indications are 
described below.

H istory-Indicated Cerclag e
Women with a history of recurrent midtrimester losses charac
terized by painless cervical dilation in the absence of overt labor 
or placental abruption are considered candidates for history- 
indicated cerclage. This may also be utilized in women with a

BOX 28-3 CRITERIA FOR THE DIAGNOSIS OF CERVICAL 
INSUFFICIENCY ON PHYSICAL EXAMINATION
• Midtrimester cervical dilation and membranes visible at 

or beyond the external os in the absence of clinically 
defined antecedent labor or overt intrauterine infection

• Significant (serial) asymptomatic cervical dilation 
detected by palpation at midtrimester

prior history of cerclage placement secondary to painless cervical 
dilation in the midtrimester; that is, those with a prior cerclage 
based on findings on physical examination.60 History-indicated 
cerclage placement is generally performed at 12 to 15 weeks of 
gestation to avoid the complications of early spontaneous loss 
often attributable to chromosomal abnormalities.61

In 1950, Lash and Lash62 described repair of the cervix in the 
nonpregnant state that involved partial excision of the cervix to 
remove the area of presumed weakness. Unfortunately, this tech
nique was associated with a high incidence of subsequent infer
tility. In 1955, Shirodkar63 reported successful management of 
cervical insufficiency with the use of a submucosal band. Ini
tially, he used catgut as suture material, and later he used Mer- 
silene (Ethicon, Somerville, NJ) placed at the level of the internal 
cervical os. The procedure required anterior displacement of the 
bladder in an attempt to place the suture as high as possible at 
the level of cervical internal os. This type of procedure resulted 
in a greater number of patients being delivered by cesarean 
delivery because of the difficulty in removing the suture buried 
under the cervical surface, and it often required leaving the 
suture in place postpartum. Several years later, McDonald64 
described a suture technique in the form of a purse string that 
did not require cervical dissection and that was easily placed 
during pregnancy. This technique involves taking four or five 
bites as high as possible in the cervix, trying to avoid injury to 
the bladder or the rectum, with placement of a knot anteriorly 
to facilitate removal (Fig. 28-3). Most randomized studies of 
cerclage have used the McDonald technique. A randomized 
controlled trial (RCT) based in Europe utilizing the Shirodkar 
technique did not demonstrate benefit.65 Therefore, owing to 
its simplicity and effectiveness, a McDonald technique is 
recommended as the first-line procedure.

Several types of suture material have been used, and no ran
domized studies had been done to compare the different types 
of cerclage suture and/or the preferable type of needle to use.66 
We have been successful in using a Mersilene tape. However, 
the use of thinner suture material, such as Prolene (Ethicon) or 
other synthetic nonabsorbable sutures like Ethibond (Ethicon), 
is advocated by others with the argument that the width of the

FIG 28-3 Placement of sutures for McDonald cerclage. A, Double-headed Mersilene band with four bites in the cervix, avoiding the vessels. 
B, The suture is placed high up in the cervix, close to the cervicovaginal junction, approximately at the level of the internal os.
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FIG 28-4 Transvaginal sonogram of the cervix after cerclage placement. The internal os is closed, and no funneling is evident. Echogenic spots 
in the cervix correspond to cerclage (arrows).

Mersilene tape places the patient at greater risk for infection.67'68 
Currently, no evidence suggests that placing two sutures 
results in better outcomes than placing one. A recent large 
retrospective study did not show a difference in PTB rates 
between the two- versus one-stitch groups.69 Furthermore, place
ment of a second occlusive suture at the level of the external os 
to keep the mucous plug in place has not shown benefit in a 
recent RCT.70

Preoperative patient preparations that include the use of pro
phylactic antibiotics or tocolytics have not been proven to be of 
benefit, and evidence is insufficient to recommend their use. The 
value of performing cultures before the cerclage procedure has 
not been properly studied, and this practice— as well as giving 
perioperative antibiotics— should be individualized. Similarly, 
the use of amniocentesis prior to cerclage has not been subjected 
to RCTs. It appears that for a history-indicated cerclage, the 
rate o f subclinical intraamniotic infection (IAI) is very low, 
and amniocentesis does not seem justifiable. However, for 
ultrasound-indicated cerclage, the rate of subclinical IAI could 
be as high as 1% to 2% .71 The value of amniocentesis in this 
setting needs to be evaluated by an RCT.59

The choice of anesthesia for cerclage varies.72 Chen and col
leagues73 did not observe a difference in outcome between 
general versus regional anesthesia. In our experience, a short- 
acting regional anesthetic is sufficient, and spinal anesthesia 
appears to be the preferred anesthesia for cerclage.

The value of bed rest postoperatively has been questioned and 
even criticized,74 and its value in the setting of cerclage place
ment has not been studied. Decisions regarding physical activity 
and intercourse are individualized and are based on the status 
of the cervix as determined by outpatient digital evaluation or 
sonographic findings (Fig. 28-4).

The approach to the patient with preterm contractions and 
a cerclage in place has not been sufficiently evaluated. Most 
authorities will only remove the cerclage if  there is tension in 
the suture because of the concern for cervical lacerations if  the 
suture is left behind. The suture is usually removed electively 
at 36 to 37 weeks. Systematic review of the literature showed

that planned removal of cervical cerclage before the onset of 
labor at 36 to 37 weeks is associated with a 28% nonsignificant 
reduction in the incidence of cervical lacerations compared with 
removal in labor (6.4% vs. 11.4%; RR, 0.72; 95% C l, 0.35 to 
1.49). The mean interval between cerclage removal and sponta
neous delivery is 14 days.75

In patients with a prior failed vaginal cerclage, an abdomi
nal cerclage has been recommended. 6 A prior history-indicated 
vaginal cerclage resulting in an sPTB before 33 weeks (i.e., a 
failed cerclage) is currently the only indication proven by con
trolled studies to show benefit from a transabdominal cerclage 
compared with a repeat transvaginal cerclage. This procedure 
is usually done either in pregnancy between 11 and 12 weeks 
gestation or prior to conception.77 The procedure can be done 
either with a laparotomy or using a laparoscopic or robotic 
approach. A bladder flap may or may not be created. The pro
cedure requires the placement of a Mersilene tape at the level of 
the junction between the lower uterine segment and the cervix 
lateral to the uterus and medial to the uterine vessels (Fig. 28-5). 
Greater morbidity, including injury to the uterine vessels, 
requires expertise when performing this procedure. In our expe
rience, we have found it helpful to have an assistant provide 
fundal traction, while the surgeon grasps the uterine vessels and 
retracts them laterally to expose an avascular space between the 
artery and the cervix. A right-angle clamp is passed anterior to 
posterior through this avascular space, tenting and incising the 
posterior leaf of the broad ligament and grasping a Mersilene 
tape brought back through the space. The same procedure is 
repeated on the opposite side, and the tape is tied anteriorly 
(Figs. 28-6 through 28-9). Several investigators have reported 
extensive experience with this procedure with low morbidity and 
favorable outcomes.77 7!( Cesarean delivery is necessary, and the 
suture is left in place i f  future fertility is desired.

In cases of pregnancy complications that require midtrimester 
delivery, we have either performed a posterior colpotomy, cutting 
the tape and allowing for vaginal delivery, or a laparotomy and 
hysterotomy, leaving the suture intact. In most of the reported 
series of abdominal cerclage, including ours, this surgical
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FIG 28-5 Abdominal 
is tied anteriorly.

Uterus

Avascular space 
between vessel and uterus

Descending branch 
(cervical branch) 
uterine vessel

Cervix

cerclage. Surgical placement of circumferential Mersilene tape around uterine isthmus and medial to uterine vessels. Knot

Blood vessel

Ascending branch 
uterine vessel

Level of isthmus 
(cervical-uterine junction) Mersilene tape

FIG 28-7 Abdominal cerclage. A bladder flap has been created, and the 
surgeon identifies and palpates the uterine vessel.

FIG 28-6 Abdominal cerclage at 12 weeks' gestation. Uterus is 
exteriorized.

procedure was performed during gestation.78 However, Groom 
and colleagues77 described this procedure as an interval cerclage 
in the nonpregnant state with subsequent good pregnancy 
outcome. Advantages of an interval procedure include avoidance 
of laparotomy in pregnancy and less bleeding morbidity. Disad
vantages include the inability to become pregnant, and for the 
clinician, the difficulties of pregnancy management arise if  the 
gestation results in a first-trimester miscarriage. No studies have 
compared preconception versus abdominal cerclage during ges
tation that would enable us to make specific recommendations 
about timing of the procedure.

In the last few years, a laparoscopic abdominal approach 
to the cervix has been described using the same principles as 
an abdominal cerclage. ’ The procedure has been described

primarily in the nonpregnant state with subsequent good preg
nancy outcome. Cho and colleagues80 performed laparoscopic 
abdominal cerclage during pregnancy in 20 patients with 
minimal morbidity and reported a successful outcome in 19 
of them. In a review81 of the literature that encompassed 31 
studies— 6 reporting a laparoscopic approach and 26 using lapa
rotomy, either interval or during pregnancy—both approaches 
were associated with favorable outcomes. A total of 78.5%  of 
those with a laparoscopic abdominal cerclage and 84.8% of 
those with an abdominal cerclage placed by laparotomy deliv
ered a viable infant after 34 weeks. Midtrimester loss occurred 
in 8.1% of those using the laparoscopic approach and in 7.8% 
with laparotomy. Recently, robotic-assisted laparoscopic place
ment of transabdominal cerclage during pregnancy has been
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604 Section V Complicated Pregnancy

FIG 28-8 Abdominal cerclage. Surgeon retracts uterine vessel laterally 
to create an avascular space between uterus and vessel, before 
passing a right angle clamp with Mersilene tape through this space.

FIG 28-9 Abdominal cerclage. Mersilene tape has been placed circum- 
ferentially around the uterine isthmus and tied anteriorly. Notice bal
looning of the lower uterine segment above the suture.

Transvaginal cerclage

FIG 28-10 Transvaginal cerclage under ultrasound guidance. (Modified from Ludmir J, Jackson GM, Samuels P. Transvaginal cerclage under 
ultrasound guidance in cases of severe cervical hypoplasia. Obstet Gynecol. 1991 ;75:1067.)

described by Wolfe and colleagues,82 and we have started to use 
this technique in selected cases. Because of the lack of proper 
evaluation of these newer modalities of cerclage placement, rec
ommendations based on evidence cannot be made. Random
ized trials are needed to evaluate these newer techniques in 
nonpregnant and pregnant states and to compare laparo
scopic techniques with a vaginal approach to determine the 
best management o f patients with a history o f failed cerclage 
or an extremely short cervix that prevents a vaginal approach.

To avoid an abdominal procedure in selected patients, we 
have described the placement of a transvaginal cerclage in cases 
of a hypoplastic cervix or when the cervix is flush against the 
vaginal wall.83 Under ultrasound guidance, the supravaginal 
portion of the cervix is dissected away from the bladder, and

a suture is placed either in a purse-string fashion or in a cross 
configuration from 12 to 6 o’clock and 3 to 9 o’clock (Fig. 
28-10). We have performed this procedure in 32 patients, avoid
ing an abdominal procedure, with successful pregnancy out
comes: 50% of our patients have had a cesarean delivery, and 
the rest delivered vaginally after the suture was cut through a 
small posterior colpotomy incision.

Ph ysical E x a m in a tio n -In d ica te d  C erclag e
Patients who demonstrate cervical change either by ultrasound 
or by digital evaluation may benefit from a cerclage.84 However, 
the gestational age lim it for cerclage placement is poorly defined. 
Although some clinicians offer this therapeutic modality up 
to 28 weeks, we do not advocate the use o f cerclage beyond
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24 weeks’ gestation because o f our concerns about fetal via
bility should the procedure contribute to a preterm deliv
ery.85 The perioperative management of these patients has not 
been subject to rigorous study, and recommendations based on 
evidence cannot be given.59 IAI is present in approximately 13% 
to 50% of patients with acute cervical insufficiency. As discussed 
below,85 the value of amniocentesis to rule out IAI is currently 
being assessed in an RCT.

When the cervix has dilated enough to allow visualization 
of the membranes, or the membranes have prolapsed into the 
vagina, placing a cerclage may be difficult but should be consid
ered.86 Amnioreduction has been suggested to facilitate cerclage 
placement; in a European study,87 this procedure was associated 
with prolonged gestation. Several techniques have been described 
to reduce the prolapsing membranes that include placing the 
patient in the Trendelenburg position, using a pediatric Foley 
catheter to tease the membranes into the endocervical canal, 
and instilling 1 L of saline into the bladder with upper displace
ment of the lower uterine segment (Fig. 28-11).88 The efficacy 
of antibiotics and tocolytics have not been properly studied 
in this setting. Although clinicians have been reluctant to 
offer cerclage in patients with protruding membranes, some 
reports have suggested a salvage rate in excess o f 70%  despite 
advanced cervical dilation, with only 40%  delivering before 
35 weeks.89 Cerclage may be effective at up to 4-cm dilation, 
but in the face of advanced cervical dilation and bulging mem
branes, the correct assessment of cervical dilation is difficult; 
however, cerclage should be considered even in cases of advanced 
dilation.

Risks of C erclag e
Cervical lacerations at the time of delivery are one of the most 
common complications from a cerclage and occur in 1% to 13% 
of patients.90 Three percent of patients require cesarean delivery 
because of the inability of the cervix to dilate secondary to cer
vical scarring and dystocia.90 Although the risk of infection is 
minimal with a history-indicated cerclage, the risk increases 
significantly in cases of advanced dilation with exposure of mem
branes to the birth canal.91 However, this infectious morbidity 
may be the result of subclinical chorioamnionitis. Cervical cer
clage displacement occurs in a small number of patients. We 
have not performed revision of the cerclage during the index 
pregnancy, although small series have reported successful surgi
cal treatment of a failed cerclage. At this time, evidence is insuf
ficient to recommend the placement of a reinforcing suture.92

Cerclage in the Presence of Premature Rupture 
of Membranes or Preterm Labor
When the clinician is faced with premature rupture of mem
branes (PROM) distant from term in a patient with cerclage, 
the decision to remove or leave the suture in place is controver
sial. Our own data suggest that with suture retention, the latency 
period is increased at the expense of an increased risk for neo
natal sepsis and mortality.93 These data have been challenged by 
reports from Jenkins and colleages,94 which suggest an increased 
latency period (244 vs. 119 hours) without an increase in neo
natal morbidity in cases of retained cerclage, and by McElrath 
and colleagues,95 who did not find differences in latency or 
neonatal outcome in patients when the suture was left in situ 
after rupture of the membranes. A recent randomized study96 
that was not completed because of inability to recruit patients 
showed no difference in latency, infection, or neonatal outcome

in those patients managed with immediate cerclage removal 
versus suture retention. However, less infectious morbidity was 
seen with cerclage removal. Decisions to remove the suture at 
the time o f ruptured membranes should be individualized 
until more information becomes available. In the face of 
preterm contractions, the decision to remove the cerclage should 
be individualized based on findings such as tension or cervical 
tearing, although the subject has not been studied appropriately. 
Finally, even though cerclage placement is considered a benign 
procedure, a maternal death secondary to sepsis in a patient with 
retained cerclage has been reported.97 Because of associated risks 
and questionable effectiveness, the liberal use of this surgical 
procedure is discouraged, and the decision should be carefully 
balanced against potential harm, in particular for patients in 
whom the indications for cerclage are unclear.

C E R C L A G E  E F F E C T IV E N E S S  
B A S E D  O N  E V ID E N C E  
H isto ry-In d icated  Cerclage
Four randomized trials have been done that included women 
with various risk factors for sPTB and possible cervical insuffi
ciency whose managing physicians did not believe they required 
a prophylactic cerclage for a typical history of cervical insuffi
ciency.34,98'100 Three of the trials were relatively small and were 
based on a scoring system,98 twin gestation,99 and recurrent 
sPTB.100 None of these trials showed a benefit to cerclage, but 
together they generally confirmed a higher rate of hospitaliza
tions and medical interventions in the cerclage groups. The 
largest randomized trial of cerclage was conducted by the RCOG 
between 1981 and 1988.34 A total of 1292 women were enrolled 
in 12 countries because of uncertainty on the part of their man
aging physicians as to whether a history-indicated cerclage was 
warranted. As anticipated, these patients comprised a heteroge
neous group with at least six distinct risk-factor subgroups 
identified on the basis of their dominant history or physical 
examination findings. Although women assigned to cerclage had 
a significantly lower rate of PTB earlier than 33 weeks (13% vs. 
17%, P  = .03), the investigators estimated that approximately
25 cerclage procedures would be required to prevent one such 
birth. Moreover, women assigned to cerclage received more 
tocolytic medications and spent more time in the hospital. Puer
peral fever was significantly more common in the cerclage group. 
O f interest is the finding in a secondary analysis that only 
the subgroup of women with multiple pregnancies affected— 
defined as at least three prior sPTBs, including midtrimester 
losses— appeared to benefit from cerclage with lower rates of 
PTB (15% vs. 32%; P  = .02). This secondary analysis empha
sized the importance of assessing clinical history in considering 
the diagnosis and treatment of cervical insufficiency.

Data on the efficacy of history-indicated transvaginal cerclage 
have been varied. As above, in a subgroup analysis of the RCOG 
RCT, cerclage was found to be beneficial and was associated with 
a small reduction in PTB (<33 weeks) if  placed in the setting 
of a history of three or more prior PTBs (RR, 0.75; 95% C l,
0.58 to 0.98). A more recent meta-analysis does not support this 
finding and reports no overall reduction in pregnancy loss or 
PTB rates in the setting of history-indicated cerclage.101 When 
compared with ultrasound-indicated cerclage, multiple studies 
have noted no change in perinatal outcome but roughly double 
the number of cerclage procedures performed in the history- 
indicated group.60,102 A meta-analysis of the four RCTs that
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Bladder

Anterior cervical lip 

Vagina

Bulging membrane

Posterior cervical lip

Foley catheter

Anterior lip traction 

Posterior lip traction

Membrane reduced

Cerclage

FIG 28-11 Emergent cerclage for bulging membranes at 23 weeks. A, Cervix dilated 3 cm with membranes protruding through the external cervi
cal os into the vagina. B, Patient placed in Trendelenburg position and bladder filled with saline. Stay silk sutures are placed on anterior and 
posterior lip for traction while reducing membranes. McDonald cerclage is placed distal to reduced membranes.

compared a policy of history-indicated cerclage with a policy of 
TVU CL screening and cerclage only if  CL shortened before 24 
weeks in singleton gestations with prior PTBs showed similar 
maternal, perinatal, and PTB outcomes except that only 42% 
of women in the TVU CL group had a cerclage.102 Despite the 
limited evidence to support history-indicated cerclage, one study 
performed by Fox and colleagues103 reported that 75% of 
maternal-fetal medicine (MFM) specialists who responded to a

survey would place a cerclage in a patient with a history of a 
prior painless midgestation loss.

Branch and Cousins collectively tabulated over 25 case series 
of cerclage efficacy published between 1959 and 1981. Branch101 
estimated a precerclage survival range of 10% to 32% versus a 
perinatal survival range of 75% to 83% in the same cohorts of 
women managed with Shirodkar cerclage. Similarly, a case series 
that used McDonald cerclage reported a cohort perinatal
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TABLE 28-1 RANDOMIZED TRIALS OF CERCLAGE FOR SONOGRAPHICALLY SUSPECTED CERVICAL INSUFFICIENCY

G A  FOR U S P R IM A R Y NO
S ELE CTIO N E V A L U A T IO N O U T C O M E CERCLAG E CERCLAG E

S TU D Y P O P U L A T IO N N C R ITE R IA (W K) (W K) G R O U P  (% ) G R O U P  <%) BENEF

Althuisius History or 35 CL <25 mm <27 PTB <34 0 44 Yes
et al101 symptoms
(2001) suggest CI

36 NoRust et al102 Many had risk 115 CL <25 mm or 16-24 PTB <34 35
(2001) factors >25% funneling

26 NoTo et al65 Unselected, 253 CL <15 mm 22-24 PTB <33 22
(2004) generally low risk

45 47 NoBerghella Most had risk 61 CL <25 mm or 14-23 PTB <35
et al103 factors >25% funneling
(2004)

42 YesOwen et al4 Prior sPTB (17 to 301 CL <25 mm 16-21 PTB <35 32
(2009) 33 wk)

CI, cervical insufficiency; CL, cervical length; CA, gestational age; PTB, preterm birth; sPTB, spontaneous preterm birth; US, ultrasound.

survival range of 7% to 50% before and 63% to 89% after 
cerclage. Cousins105 estimated a “mean” survival before Shirod
kar of 22% versus 82% post therapy and 27% and 74%, respec
tively, for investigators who used the McDonald technique. In 
total, more than 2000 patients have been reported in these 
historic cohort comparisons. As noted by Cousins, interpreta
tion of these series is limited because (1) diagnostic criteria were 
inconsistent or were not always reported; (2) definitions of treat
ment success were inconsistent but were generally recorded as 
perinatal survival, as opposed to a gestational age-based end 
point; (3) treatment approaches were not always detailed and 
might involve multiple combinations of surgery, medication, 
bed rest, and other uncontrolled therapies; and (4) cases were 
not subcategorized according to etiology (e.g., anatomic defects 
versus a presumed functional cause). Nevertheless, based on 
compelling but potentially biased efficacy data, the surgical 
management of women with a history of clinically defined cervi
cal insufficiency has become standard practice, and it has clearly 
shaped the way the average M FM  provider practices. Although 
interpretation of efficacy based on historic control groups is 
always problematic, collectively these reports demonstrate that 
even women with typical histories may have successful pregnan
cies without cerclage and that cerclage as a treatment is not 
universally effective. Both of these observations support the 
multiple etiologies and interactive pathways characteristic of the 
spontaneous PTB syndrome.

Because o f its unproven efficacy in randomized clinical 
trials and the attendant surgical risks, the recommendation 
for history-indicated cerclage should be limited to women 
with multiple midtrimester sPTBs when a careful history and 
physical examination suggest a dominant cervical compo
nent. Unless the physical examination confirms a significant 
cervical anatomic defect consistent with disruption o f its 
circumferential integrity, the clinician should assess the 
history for other components o f the PTB syndrome. Cervical 
insufficiency remains a diagnosis o f exclusion.

U ltraso u n d -In d icated  C erclag e
Under the presumption that shortened cervical length, with or 
without funneling at the internal os, is diagnostic of cervical 
insufficiency if  it occurs in a singleton gestation and in a patient 
with a prior sPTB, several investigators have studied the effect 
of ultrasound-indicated cerclage on pregnancy outcomes. Ret
rospective analyses of uncontrolled use of cerclage in various

at-risk populations have given conflicting results, which suggests 
that cerclage was either effective106 or ineffective.56,107

Later, five randomized trials of cerclage for sonographic indi
cations were published (Table 28-1). Althuisius and colleagues 
in the Netherlands randomized high-risk patients, the majority 
of whom were believed to have cervical insufficiency based on 
their symptoms or obstetric history and midtrimester CL less 
than 25 mm. Both the cerclage and no-cerclage groups were 
instructed to use modified home rest. O f the 19 assigned to 
cerclage, no PTBs were reported before 34 weeks versus a 44% 
rate in the no cerclage-home rest group {P = .002). Rust and 
colleagues109 enrolled 138 women who had various risk factors 
for PTB (including 12% with multiple gestations) and ran
domly assigned them to receive a McDonald cerclage or no 
cerclage after their CL shortened to less than 25 mm or they 
developed funneling of at least 25%. PTB before 34 weeks was 
observed in 35% of the cerclage group versus 36% of controls.

In a multinational trial, To and colleagues65 screened 47,123 
unselected women at 22 to 24 weeks’ gestation with vaginal 
ultrasound to identify 470 with a shortened CL of 15 mm or 
less. O f these 470, 253 participated in a randomized trial whose 
primary outcome was the intergroup rates of delivery before 33 
weeks’ gestation. Women assigned to the cerclage group (n = 
127) underwent a Shirodkar procedure. They had a similar rate 
of PTB as the control population (n = 126) 22% versus 26% 
(P = .44). The authors did not specifically comment on the 
proportion of women in the control group who were delivered 
in the midtrimester after a presentation consistent with clinically 
defined cervical insufficiency; however, they observed four still
births attributed to birth at 23 to 24 weeks and five neonatal 
deaths in deliveries at 23 to 26 weeks. In the cerclage group, the 
respective counts were three and four.

Berghella and colleagues110 screened women with various risk 
factors for sPTB (e.g., prior PTB, curettages, cone biopsy, DES 
exposure) with vaginal scans every 2 weeks from 14 to 23 weeks’ 
gestation and randomly assigned 61 with a cervical length less 
than 25 mm or funneling of at least 25% to a McDonald cer
clage or to a no-cerclage control group. PTB before 35 weeks 
was observed in 45% of the cerclage group and in 47% of the 
control group.

The trial by Althuisius and colleagues108 focused on women 
whom they believed had a clinical diagnosis of cervical insuffi
ciency and who may have been candidates for history-indicated 
cerclage in the United States. Nevertheless, their study does
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608 Section V Complicated Pregnancy

suggest a potential role for cervical ultrasound in women with 
a clinical diagnosis of cervical insufficiency if the intent is to 
avoid  cerclage when the CL is maintained at 25 mm or greater.

A meta-analysis111 of the four randomized trials described 
earlier analyzed patient-level data to estimate whether certain 
subgroups of women with midtrimester cervical shortening 
might benefit from cerclage, where benefit was defined as a 
reduction in the relative risk of PTB before 35 weeks. They 
observed a marginal benefit from cerclage in women with single
ton gestations and especially in those who had experienced a 
prior sPTB (RR, 0.6; 95% CI, 0.4 to 0.9). Paradoxically, they 
demonstrated a significant detriment in women with multiple 
gestations (RR, 2.15; 95% CI, 1.15 to 4.01). This harmful effect 
has never been confirmed in a randomized trial, nor have authors 
of cohort studies observed this relationship.11"'11'1

Based on an earlier review of the utility of vaginal ultrasound 
for the diagnosis of cervical insufficiency,114 a fifth randomized 
trial was performed by a consortium of 15 centers in the United 
States4 and included only women who had had at least one prior 
sPTB at 17 to 34 weeks’ gestation. They were followed with 
serial vaginal scans beginning at 16 weeks’ gestation. As long 
as CL was at least 30 mm, scans were scheduled every 2 weeks, 
but the frequency was increased to weekly if  the CL was 25 
to 29 mm. Women who developed a short cervix (<25 mm) 
between 16 and 22 6/7 weeks were assigned to McDonald cer
clage or no cerclage. These investigators observed a statistically 
significant decrease in previable births before 24 weeks (6% vs. 
14%), perinatal mortality (9% vs. 16%), and birth before 37 
weeks (45% vs. 60%), but a nonsignificant decrease was seen in 
the comparative rates of PTB before 35 weeks (32% vs. 42%). 
The number of patients with a short cervix that needed to be 
treated with cerclage to prevent one previable birth was 13. Of 
note was the observation that the benefit of cerclage was closely 
linked to cervical status. Women with a CL of less than 15 mm 
at randomization accrued a much greater benefit than those who 
were randomized with a CL of 15 to 24 mm. This finding sug
gested that shorter lengths are more likely to be associated with 
a primary cervical etiology and are thus more amenable to 
mechanical support, although the “optimal” CL (e.g., <25 mm, 
<15 mm) for recommending cerclage could not be established. 
Similarly, the finding of a U-shaped funnel (but not a V-shaped 
funnel) was also a significant additional risk factor for earlier 
birth, even considering CL; in these women, the beneficial effect 
of cerclage for prolonging gestation was also significantly 
pronounced.111

Considering the results of the multicenter trial mentioned 
above,4 Berghella and colleagues performed a follow-up meta
analysis that included the findings of this trial with the original 
four studies.11*5 This patient-level analysis confirmed signifi
cant benefit o f ultrasound-indicated cerclage for CLs less 
than 25 mm observed before 24 weeks’ gestation in women 
with prior sPTB. Cerclage reduced PTB at cutoffs o f less than 
37, 35, 32, 28, and 24 weeks, and composite neonatal mor
tality and morbidity were also significantly lower (RR, 0.64;
95% CI, 0.45 to 0.91).

Not uncommonly a patient presents with a prior midtrimester 
spontaneous birth that does not meet clinical criteria for cervical 
insufficiency. In these circumstances, she may have even under
gone a history-indicated cerclage. Whether these women needed 
a history-indicated cerclage or if they should have had a repeat 
cerclage is controversial, and clinical judgment is important. 
However, accumulating evidence suggests that it is safe to follow

BOX 28-4 PATIENT AT RISK FOR CERVICAL 
INSUFFICIENCY: HISTORY-INDICATED VERSUS 
ULTRASOUND-INDICATED CERCLAGE

• P re te rm  b ir th s  w il l  o ccu r re g a rd le ss  o f  s tra te g y  chosen.
• B o th  s tra te g ie s  have  s im ila r  ra tes  o f p re te rm  b irth .
• F ew er ce rc la g e s  are p e rfo rm e d  w ith  th e  u ltra s o u n d - 

in d ic a te d  ce rc la g e  s tra te g y .
• It se em s rea so n a b le  to  fo l lo w  a t-r isk  p a tie n ts  w ith  

s o n o g ra p h y  and  to  p e rfo rm  a ce rc la g e  based on 
s o n o g ra p h ic  fin d in g s .

these women with CL measurements and avoid cerclage. A 
recent meta-analysis by Berghella and colleagues102 of four ran
domized trials indicated that using sonographic CL to select 
women for cerclage, most women (58%) would avoid surgery 
yet have no greater risk of PTB than the cohorts who underwent 
history-indicated cerclage (RR, 0.97; 95% CI, 0.73 to 1.29).

In summary, collective results have established the utility 
of cervical length screening and ultrasound-indicated cer
clage for a short cervix less than 25 mm in women with a 
prior sPTB (Box 28-4).

Physical Examination-Indicated Cerclage
Women who present with acute cervical insufficiency are often 
considered candidates for a physical examination—indicated cer
clage. The lim ited data on the efficacy of this procedure reflect 
its rare presentation. Some investigators have reported fetal 
salvage rates in excess of 70% .117 Aarts and colleagues118 reviewed 
eight series published between 1980 and 1992 that comprised 
249 patients who received a physical examination—indicated 
cerclage and estimated a mean neonatal survival rate of 64% 
(reported range, 22% to 100%). Novy and colleagues106 pub
lished 35 cases of insufficiency in evolution (cervical dilation 2 
to 5 cm); the two cohorts included 19 women who received 
physical examination—indicated cerclage and 16 who were 
managed with bed rest. Neonatal survival was 80% in the 
cerclage cohort versus 75% in the bed rest group. Two recent 
retrospective studies have supported the use of physical exam- 
indicated cerclage and reported a mean neonatal survival (“take- 
home-baby”) rate of 50.7% and 64% and a mean pregnancy 
prolongation of 7.4 and 8.2 weeks, respectively.119,120 Similar to 
previous reports,118 Guducu and colleagues'11 further reported a 
diminished success rate (31%) in patients with membrane pro
lapsing into the vagina.

In a prospective, uncontrolled use of cerclage versus bed rest 
with cerclage utilized at the discretion of the attending physi
cian, Olatunbosun and colleagues121 studied women who pre
sented with advanced cervical dilation greater than 4 cm. The 
cerclage group comprised 22 women, versus 15 in the bed-rest 
group. Although neonatal survival was not significantly different 
(17/22 with cerclage vs. 9/15 with bed rest, P  = .3), gestational 
age at birth was a mean 4 weeks older in the cerclage group (33 
vs. 29 weeks, P=  .001). Rates of chorioamnionitis were similar 
between the two groups. A historic cohort study conducted by 
the Global Health Network for Perinatal and Reproductive 
Health examined outcomes in women between 14.0 and 25 6/7 
weeks gestation when cervical dilation was identified.122 Of 225 
women, 152 received a physical examination—indicated cerclage, 
and 73 were managed expectantly. Although the groups were 
dissimilar because women with cervical dilation of 4 cm or more 
were more likely to be managed expectantly, cerclage was
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Chapter 28 Cervical Insufficiency 609

associated with a longer interval from presentation to delivery, 
improved neonatal outcome, and fewer births before 28 weeks 
compared with expectant management.

Althuisius and colleagues123 performed a randomized clinical 
trial of physical examination-indicated cerclage plus bed rest 
versus bed rest alone in 23 women who presented with cervical 
dilation and membranes prolapsing to or beyond the external os 
before 27 weeks gestation. Both singleton and twin gestations 
were eligible; however, cervical dilation data were omitted, and 
so it is not known whether the groups were comparable. They 
observed a longer mean interval from presentation to delivery 
(54 days vs. 20 days; P  = .046) in the cerclage group. Neonatal 
survival was 56% (9/16) with cerclage and 29% (4/14) in the 
bed-rest group. Although the survival differences were not sta
tistically significant, composite neonatal morbidity, which 
included neonatal death, was significantly lower in the cerclage 
and bed-rest groups (63% [10/16] vs. 100% [14/14]) in the 
bed-rest alone group; P=  .02).

Additional reports show that women who present with acute 
cervical insufficiency have an appreciable, approximately 50% 
incidence of bacterial colonization of their amniotic fluid or they 
demonstrate other markers of subclinical chorioamnionitis124 or 
have proteomic markers of inflammation or bleeding.12’ Women 
with abnormal amniotic fluid markers have a much shorter 
presentation-to-delivery interval regardless of whether they 
receive a cerclage or are managed expectantly with bed rest. Mays 
and colleagues124 performed amniocentesis in 18 women who 
presented with this syndrome and analyzed the amniotic fluid 
for glucose, lactate dehydrogenase, Gram stain, and culture; 
abnormal results suggested subclinical infection. O f 11 women 
who underwent cerclage with no evidence of subclinical infec
tion, the neonatal survival was 100%, and the mean latent-phase 
duration from presentation to delivery was 93 days. O f the seven 
women with abnormal biochemistries in whom cerclage was 
withheld, no neonatal survivors were observed, and the mean 
latent phase was 4 days. In addition, seven women declined 
amniocentesis but did receive an emergent cerclage. Given that 
some of this group probably also had subclinical infection, it 
was predictable that the mean latent phase in this cohort was 
intermediate (17 days) as compared with the groups with amni
otic fluid analyses. These investigators suggested that amniocen
tesis could aid in selecting candidates for emergent therapeutic 
cerclage. Diago-Almela and colleagues126 have recently sup
ported this finding in a prospective study of 31 patients present
ing with bulging membranes who accepted amniocentesis. Of 
these, 20 amniotic fluid specimens revealed intraamniotic 
inflammation, or subclinical chorioamnionitis, defined as at 
least two of the following: interleukin 6 (IL-6) levels greater than 
2.5 ng/mL, glucose levels below 15 mg/dL, leukocyte levels 
greater than 50/mm3, or positive leukocyte esterase. The remain
ing 11 had normal amniotic fluid markers, and nine of these 
patients accepted rescue cerclage. Four of nine delivered at term, 
and one patient who declined cerclage delivered at term. Those 
with intraamniotic inflammation/subclinical chorioamionitis, in 
spite of being treated with antibiotics and bed rest, all delivered 
preterm, and 12 losses were seen in this group. Interestingly, of 
those with amniotic fluid that revealed inflammation, only seven 
had positive cultures at 5 days, and none had positive cultures 
in the normal-amniotic-fluid group. Receiver operating charac
teristic curve (ROC) analysis revealed that of the amniotic fluid 
markers, IL-6 had the highest diagnostic accuracy for survival 
using a cutoff of 2.90 ng/mL; all pregnancies with IL-6 above

this level were lost. Their regression analysis further supported 
physical examination-indicated cerclage with low IL-6 and cer
vical length less than 30 mm as the best predictors of outcome. 
Interestingly, a sonographic marker of intrauterine subclinical 
infection, also known as “sludge,” has been reported (see 
Fig. 28-2)127 and is associated with suboptimal outcomes in 
several studies. Nevertheless, its clinical utility remains uncer
tain. Although not currently standard practice, the evalua
tion o f amniotic fluid for markers o f infection and/or 
inflammation appears to have important prognostic value, 
but it is still unclear whether and to what extent the results 
should direct patient management.

In summary, the optimal management o f women who 
present with acute cervical insufficiency in evolution remains 
unclear. Although physical examination-indicated cerclage 
may benefit some, patient selection remains largely empiric. 
Although limited data exist on which to base firm manage
ment recommendations, collectively they demonstrate several 
important concepts: the earlier the gestational age at presen
tation, the more advanced the cervical dilation, and the pres
ence o f prolapsed membranes and IAI impart greater risk o f 
poor neonatal outcome.

Cerclage in Multiple Gestations
Level 1 data are very limited on the effectiveness of cerclage in 
twin gestations with a short TVU CL. Cerclage is not beneficial 
and may in fact be harmful in these patients (215% increase in 
sPTB before 34 weeks) as per a meta-analysis of the only 49 
twins with TVU CL less than 25 mm before 24 weeks, random
ized to cerclage or no cerclage.111 Larger RCTs are needed to 
determine whether cerclage in twins with a short TVU CL is 
beneficial. The subject of physically indicated cerclage in twins 
has not been studied in a proper RCT, and the data have been 
controversial. Until further studies in twins are properly evalu
ated, cerclage in twin gestations should be discouraged.

ALTERNATIVE TREATMENTS 
TO CERVICAL CERCLAGE
Nonsurgical interventions have been advocated for patients with 
presumed cervical insufficiency.

Activity Restriction
The rationale for the recommendation for bed rest alone or in 
conjunction with cerclage relies in the theoretic concept of 
putting less pressure on the cervix while in the recumbent posi
tion. The validity o f bed rest for treatment has not been sci
entifically proven, and some data suggest worse outcomes in 
patients placed on bed rest. 1

Pessary
Since the description by Vitsky in 1961 of the use of a vaginal 
pessary, instead of cerclage, for patients with cervical insuffi
ciency,128 several studies, mainly in Europe, suggest the same 
outcome for patients managed with this noninvasive modality 
compared with a surgical intervention. Arabin and colleagues129 
studied the use of a vaginal pessary in patients with a sono
graphically detected short cervix (Fig. 28-12). Patients managed 
with a pessary gained 99 days compared with 67 days for patients 
managed with bed rest alone (P < .02). In the last 2 years, several 
randomized studies have been done of asymptomatic pregnant 
patients with a short cervix detected by ultrasound in the
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Placenta

Vagina

Cervix

Pessary (barrel shaped)

FIG 28-12 Vaginal pessary (Arabin type).

midtrimester, comparing an Arabin-type pessary to no interven
tion, and these have shown conflicting results. In the PECEP 
study (cervical pessary to prevent prematurity) conducted in 
Spain, patients with a singleton pregnancy with a cervical length 
less than 25 mm in the midtrimester were randomized to a 
pessary versus no intervention. The rates of preterm delivery 
before 34 weeks and 28 weeks were dramatically reduced in the 
patients managed with a pessary: 27% versus 6% (P  < .0001) 
and 8% versus 2% (P < .00058). Furthermore, the pessary was 
not associated with maternal complications except for an increase 
in vaginal discharge.130 In contrast, a similar study in China did 
not show differences in rates of preterm delivery before 37, 34, 
and 28 weeks in patients with a short cervix randomized to 
receive a pessary. Some of the criticisms of this study include the 
lack of adequate patient volume for adequate power and the low 
incidence of preterm delivery at less than 34 weeks (5.5%) in 
patients with a short cervix and no intervention.131 In the only 
randomized study published to date of pessary use for preven
tion of prematurity in twin gestations (Pro TW IN study), the 
rate of prematurity was the same between control patients and 
the ones randomized to a pessary. However, benefit was found 
in patients whose cervical length was less than 38 mm (less than 
the tenth percentile).132

Several randomized studies of pessaries in singleton and mul
tiple gestations with short CL are being conducted in both 
Europe and the United States (www.clinicaltrials.gov). We must 
await the results o f ongoing trials and assess the need for 
further prospective, randomized trials that compare pessary, 
cerclage, and progesterone before conclusions regarding the 
efficacy o f any o f these interventions can be established.

Progesterone
RCTs133,134 have shown that weekly 17-0C-hydroxyprogesterone 
(17-OH-P) 250 mg intramuscularly (IM) started at about 16 
weeks until about 36 weeks is associated with a significant, 
approximately 30% decrease in recurrent PTB. Based on these 
data, both the ACOG and SMFM have recommended that all

FIG 28-13 Use of progesterone for prevention of preterm birth. 17-P, 
17-a hydroxyprogesterone; CL, cervical length; PTB, preterm birth; 
TVU, transvaginal ultrasound. (Modified from Society for Maternal- 
Fetal Medicine Publications Committee. Progesterone and preterm 
birth prevention: translating clinical trials data into clinical practice. Am 
J Obstet Gynecol. 2012;206151:376-386.)

women with a singleton pregnancy and a prior sPTB should 
receive this prophylactic therapy.19'20 We agree that all women 
with an sPTB between 16 0/7 to 36 6/7 weeks should be eligible 
for this therapy. ACOG and SMFM use the algorithm seen in 
Figure 28-13 for management. At least two RCTs136,137 have 
proposed that vaginal progesterone is also effective, and perhaps 
more effective, than 17-OH-P13' in this clinical scenario. TVU 
CL is indicated in this population of singleton gestations with 
prior sPTB, even if  the patient has already been given IM 
17-OH-P or vaginal progesterone for prophylaxis. Although
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nonsignificant given their small numbers, studies have shown 
that cerclage for patients with TVU CL less than 25 mm before
24 weeks with a prior sPTB even on progesterone is associated 
with further cumulative prevention of sPTB.138,139 Further 
research is necessary to confirm the benefit o f cerclage for 
women taking 17P and to evaluate the possible cumulative 
effects o f other interventions for short TVU CL, including 
not only cerclage and progesterone but also perhaps nonste
roidal antiinflammatory agents, other tocolytics, and other 
pharmacologic agents.

COMPARATIVE TRIALS OF TREATMENT 
OF CERVICAL INSUFFICIENCY
We have reviewed various approaches used to treat cervical insuf
ficiency and their respective efficacies. Because randomized trial 
data are variously limited for each of the interventions compared 
with no-intervention controls, trials that compare the available 
treatment modalities are even less common. To date, nine sys
tematic reviews to report on the above treatment modalities in 
the prevention or treatment of cervical insufficiency or PTB have 
been published in the Cochrane Database. W ithin these reviews, 
only one comparison trial between modalities has been included. 
In a study conducted by Keeler and colleagues,140 79 asymptom
atic women with a short cervix (<25 mm) detected on transvagi
nai CL screening between 16 and 24 weeks were randomized to 
either weekly IM injections of 17-OH-P caproate (n = 37) or 
McDonald cerclage (n = 42). No difference in spontaneous PTB 
prior to 35 weeks was observed (RR, 1.14; 95% CI, 0.67 to 
1.93). A post hoc analysis conducted of women with a prior 
PTB again revealed no difference. However, secondary analysis 
of patients with a cervical length of 15 mm or less showed a 
52% risk reduction in sPTB before 35 weeks with cerclage (RR,
0.48; 95% CI, 0.24 to 0 .97 ).141 In a retrospective cohort study 
conducted by Mackeen and colleagues of women who received 
a history-indicated cerclage, the authors compared 14 women 
who had received 17-OH-P with 80 women who had not. Once 
all outcomes were assessed, including PTB at various gestational 
age cutoffs, it was found that interval between cerclage place
ment and delivery, gestational age at delivery, and infant birth
weight did not differ between groups.142 A similar conclusion 
was reached by Szychowski and coworkers in a secondary analy
sis of the Vaginal Ultrasound Consortium Trial, where outcomes 
of women receiving 17-OH-P who had been randomized to 
cerclage or no cerclage in the setting of a short cervix (cervical 
length < 25 mm). O f the 99 women who received 17-OH-P, 47 
received cerclage and 52 did not. Although a 36% decrease was 
noted in the odds of PTB < 35 weeks in those with a cerclage, 
this difference was not significant (aOR 0.64, 95% CI 0.27- 
1.52), possibly secondary to beta error.139

In a study conducted by Alfirevic and colleagues, the authors 
retrospectively and indirectly compared three management strat
egies for shortened cervical length in women with singletons and 
a prior spontaneous PTB before 34 weeks: ultrasound-indicated 
cerclage, vaginal progesterone, and cervical pessary. A total of 
142 patients from the United States had undergone cerclage, 59 
patients from the United Kingdom received vaginal progester
one, and 42 women from Spain received a cervical pessary.143 
The authors reported no difference in perinatal loss, neonatal 
morbidity, or PTB among the three groups, and concluded that 
cerclage, vaginal progesterone and pessary had similar efficacy in 
high risk patients with a short midtrimester cervical length.

Given the study design and different patient populations, defini
tive conclusions cannot be reached. Similarly, Conde-Agudelo 
and colleagues performed an adjusted, indirect meta-analysis of 
randomized controlled trials of different treatment strategies for 
midtrimester shortened cervical length in women with singleton 
pregnancies and a prior history of PTB. W ithin their analysis, 
they included four studies that compared vaginal progesterone 
to placebo (158 patients) and five studies evaluating cerclage 
versus no cerclage (504 patients). They concluded that either 
intervention was associated with a statistically significant reduc
tion in both PTB <32 weeks and composite perinatal morbidity 
and mortality when compared to placebo/expectant manage
ment. Further, their adjusted indirect meta-analysis showed that 
both interventions had similar efficacy.144 The recommendations 
from these indirect meta-analyses should be considered with 
caution because of the significant differences in baseline charac
teristics of the populations studied, making true comparisons 
difficult to interpret.

The above data highlight the need for quality randomized 
clinical trials comparing the various available interventions 
and, importantly, combinations o f interventions (for exam
ple, progesterone plus cerclage). In the hopes of preventing 
adverse perinatal outcomes, providers might recommend dual 
or even triple intervention with the assumption that they 
will act synergistically (e.g. 17-OH-P for a history of PTB, 
ultrasound-indicated cerclage for cervical shortening and a sup
porting pessary when post-cerclage cervical changes are detect
ed). A recent editorial by Griffin cautions against the use of 
combined strategies that have not been proven efficacious in 
combination.145

SUMMARY

Cervical insufficiency is rarely a distinct and well-defined 
clinical entity but only one part of a larger and more 
complex spontaneous preterm birth syndrome. The origi
nal paradigm of obstetric and gynecologic trauma as a 
common antecedent of cervical insufficiency has been 
replaced by the recognition of functional, as opposed to 
anatomic deficits as the more prevalent origin. Cervical 
competence functions along a continuum, influenced by 
both endogenous and exogenous factors that interact 
through various pathways with other recognized compo
nents of the PTB syndrome: uterine contractions and 
decidual/membrane activation. The clinically convenient 
term, cervical insufficiency, probably represents an over
simplified, incomplete version o f the broader, although 
poorly understood, pathophysiologic process. Conse
quently, the continued use of traditional therapies, unsub
stantiated by results of clinical trials, must be questioned. 
Effective, evidence-based management guidelines will stem 
from a more complete understanding of the PTB syn
drome. This will improve patient selection and permit 
specifically tailored treatment regimens, confirmed by the 
results of well-designed intervention trials.

Cervical insufficiency remains primarily a clinical 
diagnosis. Cervical ultrasound demonstrating a short 
cervix has emerged as a proven, clinically useful screen
ing and diagnostic tool in selected populations o f 
asymptomatic high-risk women based on an obstetric
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history o f a prior (early) spontaneous PTB. Women 
with history o f preterm delivery who then develop 
shortened mid-trimester cervical length appear to have 
a treatable com p on en t  o f cervical insufficiency. Surgical 
intervention in the form of history-indicated cerclage, 
sonographically indicated cerclage, and physically indi
cated cerclage, may be beneficial in selective patients. The 
vast majority of women with prior sPTB can be followed 
with TVU CL screening, with ultrasound-indicated cer
clage if the TVU CL becomes less than 25 mm before 24 
weeks. Evidence continues to be developed for periopera
tive management strategies for cerclage placement. The use 
of abdominal/laparoscopic and/or robotic cerclage may be 
reasonable in rare, carefully selected patients. Additive and/ 
or alternative interventions such as progesterone and 
vaginal pessary demonstrate promise but still require 
further evaluation to make final recommendations in the 
treatment of patients with a history consistent with cervical 
insufficiency or patients with a short cervical length in the 
midtrimester.

KEY POINTS

♦ Cervical insufficiency is primarily a clinical diagnosis 
characterized by recurrent painless dilatation and spon
taneous midtrimester loss.

♦ Cervical insufficiency is rarely a distinct and well- 
defined clinical entity, but only one component of the 
larger and more complex spontaneous preterm birth 
syndrome.

♦ Current evidence suggests that cervical competence 
functions along a continuum, influenced by both en
dogenous and exogenous factors, such as uterine con
tractions and decidual/membrane activation.

♦ The traditional nomenclature of cerclage type as pro
phylactic, therapeutic, and emergent should be replaced 
by history-indicated, ultrasound-indicated, and physical 
examination-indicated cerclage.

♦ There is no objective preconceptional diagnostic test for 
cervical insufficiency.

♦ History-indicated cerclage for patients with a clinical 
history of cervical insufficiency remains a reasonable 
approach.

♦ Cervical ultrasound for cervical insufficiency performs 
poorly as a screening test in low-risk women, but it has 
been proven to be a clinically useful screening and diag
nostic tool in selected high-risk populations such as 
those with a prior sPTB who may have a treatable com
ponent of cervical insufficiency.

♦ In the vast majority of women with prior sPTBs, and 
even those with nonclassic clinical histories of cervical 
insufficiency, serial sonographic evaluations of the cervix 
may be an acceptable alternative approach to history- 
indicated cerclage.

♦ Physical examination-indicated cerclage may be benefi
cial in reducing PTB in a subgroup of patients without 
markers of infection.

♦ Abdominal cerclage may be considered for those rare 
patients with a history of failed vaginal cerclage.

♦ Ultrasound indicated cerclage in twin gestation should 
not be performed because of the increase risk for preterm 
delivery with this intervention.

♦ There is a need for randomized studies to evaluate alter
native treatments for cervical insufficiency such as phar
macologic therapy, and vaginal pessary.
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U.S. Food and Drug A dm in is tra tion  FDA
Very low  b irthw e igh t VLBW
W hite blood cell WBC

The average duration of a normal human pregnancy is 267 days, 
counted after conception, or 280 days (40 weeks) from the 
first day of the last normal menstrual period. Infants born at 39 
and 40 weeks of gestation have the lowest rates of adverse out
comes. Complications related to preterm birth (PTB) account 
for more newborn and infant deaths than any other cause. 
Although advances in neonatal care have led to increased 
survival and reduced short- and long-term morbidity for 
infants born preterm, surviving infants have increased risks 
o f visual and hearing impairment, chronic lung disease, cere
bral palsy, and delayed development in childhood. The causes 
o f PTB are diverse but can be usefully considered according 
to whether the parturitional process—which includes cervi
cal remodeling, decidual membrane activation, and myome
trial contractions— had begun before birth occurred. Preterm 
births that do not follow spontaneous initiation o f parturi
tion most often are iatrogenic, when the health o f the mother 
or fetus is at risk (e.g., with major hemorrhage, hypertension, 
or poor fetal growth).

DEFINITIONS
A preterm birth is commonly defined as one that occurs after 
20 weeks’ gestation and before the completion o f 37 men
strual weeks o f gestation regardless o f birthweight. Low 
birthweight (LBW) is defined as birthweight below 2500 g 
regardless of gestational age; very low birthweight (VLBW) is 
birthweight below 1500 g, and extremely low birth weight 
(ELBW) is birthweight below 1000 g. Gestational age (GA) and 
birthweight (BW) are related by the terms small f o r  gestational 
age (SGA; a BW less than the 10th percentile for GA), average 
f o r  gestational age (AGA; BW between the 10th and 90th per
centiles), and large f o r  gestational age (LGA; BW above the 90th 
percentile). A preterm at premature infant is one born before 
37 weeks of gestation— that is, 259 days from the first day of 
the mother’s last normal menstrual period or 245 days after 
conception. The gestational boundaries of 20 and 37 weeks are 
historic, not scientific.2 Infants born at 36, 37, and even 38 
weeks of gestation may experience neonatal and even lifetime 
morbidity related to immaturity of one or more organs. The risk 
factors, etiologies, and recurrence risk for spontaneous births at 
16 to 19 weeks do not differ from those of births at 20 to 25 
weeks.3'4 The American College of Obstetricians and Gynecolo
gists (ACOG) and the Society for Maternal-Fetal Medicine 
(SMFM) have adopted the nomenclature later preterm  (340/7 to 
366/7 weeks of gestation) and early term  (370/7 to 386/7 weeks of 
gestation) to acknowledge the contribution of gestational age in 
these ranges to neonatal risks.5 Recognition that some infants 
born after 37 weeks are not fully mature and that many 
births before 20 weeks arise from the same causes that lead 
to preterm births has led to reevaluation o f these definitions 
and boundaries.'’

FREQUENCY OF PRETERM AND 
LOW-BIRTHWEIGHT DELIVERY
The World Health Organization (W HO) has estimated that 
9.6%  o f all births in 2005 were preterm— almost 13 million 
worldwide. Africa and Asia accounted for almost 11 million.7 
Rates are lowest in Europe (6.2%), and the highest rates are seen 
in Africa (11.9%) and North America (10.6% ). In the United 
States, the PTB rate rose from 10.6% in 1990 to 12.8% of all 
births in 2006. The rise resulted from improved pregnancy 
dating by ultrasound, which shifted the gestational age distribu
tion to the left; increased use of assisted reproduction technology 
(ART); and, most importantly, from increased willingness to 
choose delivery when medical or obstetric complications occur 
after 34 weeks’ gestation. The rate of PTB fell to its most recent 
nadir of 11.4% in 2013 (Fig. 29-1). The decline has been attrib
uted to improved fertility practices that reduce the risk of higher- 
order multiple gestation; quality improvement programs that 
lim it scheduled late-preterm and near-term births to only those 
with valid indications; and increased use of strategies to prevent 
recurrent PTB.

The rates of PTB vary substantially across the United States 
(Fig. 29-2). Reasons for the geographic variation are complex 
but are heavily influenced by the percentage of the population 
that is black. Blacks have rates o f PTB that are almost twofold 
higher than those o f other racial/ethnic groups (Fig. 29-3).

Outcomes for Infants Born Preterm
Gestational age at birth is strongly correlated with adverse 
pregnancy outcomes that include stillbirth (fetal death after 
20 weeks’ gestation), deaths of neonates (<28 days) and 
infants (<12 months), and long-term physical and intellectual 
morbidities.

PERINATAL MORTALITY
Perinatal mortality is defined as the sum of stillbirths after 20 
weeks’ gestation plus neonatal deaths through 28 days of life per 
1000 total births (liveborn plus stillborn). Perinatal mortality 
increases markedly as gestational age and birthweight decline. 
Because this measure encompasses prenatal, intrapartum, and 
neonatal events, it reflects obstetric and neonatal care. Stillbirth 
and PTB have a similar epidemiologic profile, especially before 
32 weeks. Rates of perinatal mortality declined between 1990 
and 2003, m ainly because of a decrease in fetal deaths after 27 
weeks’ gestation.8

Infant Mortality
The infant mortality rate is the number of deaths among live
born infants before 1 year of age per 1000 live births. Although 
congenital malformations are often listed as the leading cause 
of infant mortality, this ranking is achieved by separating
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Chapter 29 Preterm Labor and Birth 617

FIG 29-1 Preterm and low-birthweight rates: United States, final 1981 through 2009, preliminary 2009. (Modified from Hamilton BE, Martin JA, 
Ventura SJ. Births: preliminary data for 2009. Natl Vital Stat Rep. 2010;59[3].)

FIG 29-2 Percentage of live preterm births in the United States by state, 2013. (From National Center for Health Statistics, final natality data. 
Available at www.marchofdimes.org/peristats.)

conditions related to PTB into several categories. Tbe propor- to 41 weeks’ gestation, the age group with the lowest risk. Infant
tion of all infant deaths in the United States in 2008 by gesta- mortality rates generally decreased with increasing gestational
tional age at birth is shown in Figure 29-4. age, and even infants born at 37 to 38 weeks had a mortality

Infant and childhood mortality and morbidity in surviv- rate that was 50% higher than that for infants born at 39 to 41
ing preterm infants rise as gestational age at birth declines, weeks.
and they vary with the level o f neonatal care received. In Regionalized care for high-risk mothers and preterm LBW
2008, the overall infant mortality rate was 6.6 infant deaths per infants, antenatal administration of corticosteroids, neonatal
1000 live births; however, infant mortality rates varied widely administration of exogenous pulmonary surfactant, and
by gestational age. For infants born at less than 32 weeks’ gesta- improved ventilator technology have improved outcomes for 
tion, the infant mortality rate was 175.5 infant deaths per 1000 very preterm infants. Survival rates rise with gestational age at
live births, compared with a rate of 2.1 for infants born at 39 birth, from 6% for infants born at 22 weeks’ gestation to more
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FIG 29-3 Percentage of live preterm births by racial group. (Data from Martin JA, Hamilton BE, Sutton PD, et al. Births: final data for 2008. Natl 
Vital Stat Rep. 2010;59[1 ]:1, 3-71.)

Overall <32 32-33 34-36 37-38 39-41 >42

Gestational age (wk)

FIG 29-4 Proportion of all infant deaths in the United States in 2008 by 
gestational age at birth. (Modified from Centers for Disease Control 
and Prevention. Mathews TJ, MacDorman MF. Infant mortality sta
tistics from the 2008 period linked birth/death data set. Natl Vital Stat 
Rep. 2012; 60[5]: 1 -27. Available a twww.cdc.gov/nchs/vitalstats.htm.)

than 90% at 28 weeks’ gestation for infants cared for in tertiary 
intensive care units (ICUs).9 Outcomes can be more accurately 
predicted by considering fetal number (singleton or multiple), 
gender, exposure or nonexposure to antenatal corticosteroids, 
and birthweight in addition to gestational age.9 Probabilities of 
infant outcomes based upon antenatal factors can be estimated 
utilizing an online calculator available from the Eunice Kennedy 
Shriver National Institute of Child Health and Human Devel
opment (NICHD) Neonatal Research Network.10 Long-term 
survival rates by gestational age at birth in 903,402 infants born 
in Norway" are shown in Figure 29-5.

Perinatal Morbidity
Preterm infants are at risk for specific diseases related to imma
turity of various organ systems as well as to the causes and cir
cumstances of PTB. Common complications in premature 
infants include respiratory distress syndrome (RDS), intra
ventricular hemorrhage (IVH), bronchopulmonary dysplasia 
(BPD), patent ductus arteriosus (PDA), necrotizing entero
colitis (NEC), sepsis, apnea, and retinopathy o f prematurity 
(ROP). Rates o f morbidity vary primarily by gestational age 
but are also affected by birthweight, fetal number (singleton
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FIG 29-5 Cumulative long-term survival by gestational age at birth in 
903,402 infants born in Norway. (Modified from Moster D, Lie RT, 
Markestad T. Long-term medical and social consequences of preterm 
birth. N Engl J Med. 2008;359[3]:262-273.)

vs. multiple gestations), geographic location, proximity to a 
neonatal intensive care unit (NICU), and any maternal or 
fetal conditions that may have led to PTB. The frequency of 
major morbidity rises as gestational age decreases, especially 
before 30 weeks’ gestation. W ide geographic variation is appar
ent in the frequency of neonatal morbidities, especially for 
VLBW infants. Reports of survival and morbidity also vary 
according to the denominator used. Obstetric datasets include 
all living fetuses at entry to the obstetric suite, whereas neonatal 
datasets exclude intrapartum and delivery room deaths and thus 
report rates based on newborns admitted to the nursery. Rates 
of survival and morbidity at the same gestational age and birth
weight are thus somewhat higher in neonatal datasets.

Long-Term Outcomes
Major neonatal morbidities related to PTB that carry life
time consequences include chronic lung disease, grades 3 and
4 intraventricular hemorrhage (associated with cerebral 
palsy), NEC, and vision and hearing impairment. Follow-up
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BOX 29-1 DEMOGRAPHIC PROFILE OF WOMEN WITH 
SPONTANEOUS PRETERM BIRTH

• H is to ry  o f g e n ita l tra c t c o lo n iz a tio n , in fe c tio n , o r 
in s tru m e n ta tio n
• U r in a ry  tra c t in fe c tio n  and  b a c te r iu r ia
• S e x u a lly  tra n s m itte d  in fe c tio n s  such  as Chlam ydia, 

g o n o rrh e a , h u m a n  p a p illo m a v iru s , o r  Trichom onas
• B acte ria l v a g in o s is
• C erv ica l d ysp la s ia  and tre a tm e n t fo r  th is  d ia g n o s is
• S p o n ta n e o u s  o r in d u ce d  a b o rtio n

• B lack race
• B lee d in g  o f  u n c e rta in  o r ig in  in p re g n a n c y
• H is to ry  o f a p re v io u s  s p o n ta n e o u s  p re te rm  b irth
• U te rin e  a n o m a ly
• Use o f  ass is ted  re p ro d u c tiv e  te c h n o lo g y
• M u lt ife ta l g e s ta tio n
• C ig a re tte  s m o k in g , su b s ta n ce  abuse
• P re p re g n a n cy  u n d e rw e ig h t (b o d y  m ass in d e x  <19.6) and 

p re p re g n a n c y  o b e s ity  (b o d y  m ass in d e x  >30)
• P e rio d o n ta l d isease
• L im ite d  e d u c a tio n , lo w  in co m e , and  lo w  soc ia l s ta tu s
• Late re g is tra tio n  fo r  p re n a ta l care
• H igh  le ve ls  o f  p e rso n a l s tress  in one  o r  m o re  d o m a in s  

o f life

studies o f infants born preterm and o f LBW infants reveal 
increased rates o f cerebral palsy, neurosensory impairment, 
reduced cognition and motor performance, academic diffi
culties, and attention-deficit disorders.

The incidence of long-term morbidity in survivors is especially 
increased for those born before 26 weeks’ gestation. In a study 
from the United Kingdom, 78% of 308 survivors born before
25 weeks’ gestation were followed and compared with classmates 
of normal birthweight. Almost all had some disability at age 6 
years: 22% had severe neurocognitive disabilities (cerebral palsy, 
IQ more than 3 standard deviations [SDs] below the mean, 
blindness, or deafness), 24% had moderate disability, 34% had 
mild disability, and 20% had no neurocognitive disability.

EPIDEMIOLOGY OF PRETERM BIRTH
The numerous maternal and fetal diagnoses that precede PTB 
may be considered according to whether parturition began spon
taneously or not. Spontaneous preterm parturition may first 
manifest as cervical softening and ripening, decidual activa
tion, and/or uterine contractions. Cervical softening is the 
most common initial evidence that parturition has begun. In 
women who later delivered spontaneously between 28 and 36 
weeks’ gestation, cervical length measurements at 22 to 24 
weeks’ gestation were significantly shorter than in women who 
delivered at term, indicating that cervical softening had begun 
before 24 weeks.12 This same study found that more than half 
of women with evidence of very preterm cervical effacement 
delivered after 35 weeks’ gestation, indicating that spontaneous 
preterm parturition does not always progress to PTB. Women 
with signs and symptoms of spontaneous preterm parturition 
often have one or more of the demographic characteristics 
shown in Box 29-1, but it is important to note that approxi
mately half o f women who deliver preterm have no obvious 
risk factors. Among 2521 women who received prenatal care at
10 collaborating university clinics, 323 (12.8%) delivered before 
37 weeks’ gestation. O f these, 234 (9.3% of the total and 72%

BOX 29-2 DEMOGRAPHIC AND MEDICAL PROFILE OF 
WOMEN WITH INDICATED PRETERM BIRTH

• Diabetes m ellitus diagnosed before or during pregnancy
• Chronic or acute (preeclam ptic) hypertension
• Obstetric disorders or risk conditions in the current or 

previous pregnancy
• Preeclam psia
• Previous uterine surgery (e.g., prior cesarean delivery  

via a vertical or T-shaped uterine incision)
• Cholestasis
• Placental disorders

• Placenta previa
• Prem ature separation (abruption) of the placenta  

M edical disorders
• Seizures
• Throm boem bolism
• Connective tissue disorders
• Asthm a and chronic bronchitis
• M aternal hum an im m unodeficiency virus or herpes  

sim plex virus
• Obesity
• Sm oking  

A dvanced m aternal age 
Fetal disorders

• Fetal com prom ise
• Chronic (poor fetal grow th)
• Acute (fetal distress; fo r exam ple, abnorm al fetal 

testing on a nonstress test or biophysical profile)
• Excessive (polyhydram nios) or inadequate  

(o ligohydram nios) am niotic  fluid
• Fetal hydrops, ascites, blood group  

allo im m unization
• Birth defects
• Fetal com plications of m ultifetal gestation (e.g., 

grow th deficiency, tw in -to -tw in  transfusion  
syndrom e)

of those delivered preterm) were born after spontaneous initia
tion of parturition, and 89 (3.5% of the total and 27% of those 
delivered preterm) were born preterm because of medical or 
obstetric indications.12

As noted above, women whose PTB is not preceded by spon
taneous parturition have medical and/or obstetric conditions 
that lead to the onset of parturition or to iatrogenic intervention 
to benefit the mother or fetus. Their demography reflects this 
(Box 29-2), and efforts to prolong pregnancy are primarily 
aimed at optimal management of their medical condition. This 
strategy is more successful in some— for example, those with 
diabetes mellitus, in whom maintenance of euglycemia often 
leads to birth at term— than in others, such as those with chronic 
hypertension, in whom effective blood pressure control does not 
prevent preeclampsia.

CLINICAL RISK FACTORS FOR 
SPONTANEOUS PRETERM BIRTH
Risk factors for spontaneous preterm birth (sPTB) arise from 
maternal factors, prior pregnancy history, and current preg
nancy risks.

Maternal Factors
M any maternal factors impact PTB. These may be medical or 
dental, such as infection or disease; behavioral, related to
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620 Section V Complicated Pregnancy

maternal demographics or stress; or related to genetics and 
anatomy, including abnormalities of the genitourinary tract. 
Each of these factors will be discussed.

Medical
INFECTIONS
Systemic and genital tract infections are associated with PTB. 
In women in spontaneous preterm labor with intact membranes, 
lower genital tract flora are commonly found in the amniotic 
fluid, placenta, and membranes. The flora include Ureaplasma 
urealyticum, Mycoplasma hominis, Fusobacterium  species, Gard- 
nerella vaginalis, peptostreptococci, and Bacteroides species. 
Clinical and histologic evidence of intraamniotic inflammation 
and infection is more common as the gestational age at delivery 
decreases, especially before 30 to 32 weeks. Bacteria in the 
amniotic fluid, whether detected by cultivation or by molec
ular methods, have been reported in 20%  to 60%  o f women 
with preterm labor before 34 weeks’ gestation. The frequency 
of positive cultures increases as gestational age decreases, from 
20% to 30% after 30 weeks to 60% at 23 to 24 weeks’ gestation. 
Evidence of infection is less common after 34 weeks.

Bacterial vaginosis (BV) is a condition in which the ecosystem 
of the vagina is altered so that gram-negative anaerobic bacteria 
(e.g., Gardnerella vaginalis, Bacteroides, Prevotella, Mobiluncus, 
and Mycoplasma species) largely replace the normally predomi
nant lactobacilli. BV is associated with a twofold increased 
risk o f sPTB. The association between BV and PTB is stron
ger when BV is detected early in pregnancy. Despite the asso
ciation, antibiotic eradication of BV does not consistently reduce 
the risk of PTB. Infections outside the genital tract have also 
been related to PTB, most commonly urinary tract and intraab
dominal infections (e.g., pyelonephritis and appendicitis). The 
presumed mechanism of disease is inflammation of the nearby 
reproductive organs, but infections at remote sites— especially if 
they are chronic—have also been associated with increased risk 
ofsPTB.

PERIODONTAL DISEASE
Women with periodontal disease have an increased risk of PTB 
that is not reduced by periodontal care, suggesting shared sus
ceptibility rather than a cause-effect relation. The genitourinary 
and alimentary tracts are both major sites of microbial coloniza
tion where host immune factors defend the interior of the body, 
so shared risk factors are not surprising.

Genitourinary Tract Factors 
CERVICAL LENGTH
Cervical length (CL) as measured by transvaginai ultrasound is 
inversely related to the risk of PTB in both singletons and twins. 
Women whose CL at 22 to 24 weeks’ gestation was at or below 
the 10th percentile (25 mm by endovaginal ultrasound) had a 
6.5-fold increased risk (95% confidence interval [CI], 4.5 to 9.3) 
of PTB before 35 weeks’ gestation and a 7.7-fold increased risk 
(95% CI, 4.5 to 13-4) of PTB before 32 weeks’ gestation when 
compared with women whose CL measurement was greater than 
the 75th percentile.13 The explanation for the linkage between 
CL and PTB risk was once thought to reflect a “continuum of 
cervical competence” in which variable cervical resistance to 
uterine contractions explained the relationship. However, there 
is now substantial evidence that contractions do not herald the 
onset of PTB14 and that progesterone supplementation slows the 
progression of cervical shortening and reduces the risk of PTB

when initiated before 24 weeks in women with and without a 
prior PTB.15'19 These studies support the conclusion that 
preterm cervical shortening (softening and ripening) is not 
the passive result o f tissue weakness but instead is an active 
process indicating that pathologic preterm parturition has 
begun, regardless o f its underlying cause.12

CERVICAL PROCEDURES
A history of cervical surgery, including conization and the loop 
electrosurgical excision procedure (LEEP), has been suggested 
to be a risk factor for PTB. A recent meta-analysis supports the 
concept that when women with a history of LEEP are compared 
with women with prior dysplasia but no cervical excision, the 
risk of PTB is similar. This finding suggests that common factors 
for both PTB and dysplasia confound the association between 
LEEP and PTB.

CONGENITAL ABNORMALITIES OF THE UTERUS
Congenital structural abnormalities of the uterus, known as 
miillerian fusion defects, may affect the cervix, the uterine corpus, 
or both. The risk o f PTB in women with uterine malforma
tions is 25%  to 50%  depending on the specific malformation 
and the obstetric history. Implantation of the placenta on a 
uterine septum may lead to PTB by means of placental separa
tion and hemorrhage. A T-shaped uterus in women exposed in 
utero to diethylstilbestrol (DES) has also been associated with 
an increased risk of preterm labor and birth.

Behavioral
In general, studies of behavioral influences on PTB have not 
found a consistent relationship between maternal activities and 
PTB, except with tobacco smoking.

SMOKING AND SUBSTANCE ABUSE
Smoking is associated with an increased risk of PTB, and unlike 
most other risks, it is amenable to intervention during 
pregnancy.

PHYSICAL ACTIVITY
Controversy exists as to whether excessive physical activity is 
associated with early delivery.

NUTRITIONAL FACTORS
Low maternal prepregnancy weight (body mass index [BMI] 
<19.8 kg/m2) has been consistently found to be associated with 
an increased risk of PTB.20,2’ Prepregnancy overweight and 
obesity are also linked to an increased risk of PTB, especially 
extremely preterm birth.22 Women who consume one or more 
servings of fish per month have lower rates of PTB than women 
who rarely or never eat fish.23 Numerous studies of various 
nutritional deficiencies have been reported to be related to the 
risk of PTB, but there are few if  any for which supplementation 
has been found to reduce the incidence of prematurity.

Demography, Stress, and Social Determinants of Health
Social disadvantage is persistently associated with increased risk 
of PTB: poverty; educational attainment; geographic residence 
in disadvantaged neighborhoods, states, and regions; and lack of 
access to prenatal care are all linked to significantly higher rates 
of PTB. These associations were once deemed to be social, 
not medical, and thus beyond the reach of medical care. Stress2' 
and depression26 are consistently reported to have a moderate
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Chapter 29 Preterm Labor and Birth

TABLE 29-1 MAGNITUDE OF INCREASED RISK BASED ON EDUCATION AND RACE/ETHNICITY

YEARS OF NON-HISPANIC NON-HISPANIC ASIAN/PACIFIC NATIVE
EDUCATION BLACK WHITE ISLANDER AMERICAN HISPANIC

<8 19.6 11.0 11.5 14.8 10.7
8-12 16.8 9.9 10.5 11.8 10.4
13-15 14.5 8.3 9.1 9.9 9.3
>16 12.8 7.0 7.5 9.4 8.4

From Behrman RE, Stith Butler A. Committee on understanding premature birth and assuring healthy outcomes: causes, consequences, and prevention. Washington, DC: National 
Academies Press; 2007.
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TABLE 29-2 PRETERM BIRTH RATE PERCENTAGES BY MATERNAL RACE/ETHNICITY AND PRENATAL CARE 
ACCESS BY TRIMESTER OF INITIATION OF PRENATAL CARE, 1998-2000

NON-HISPANIC NON-HISPANIC ASIAN/PACIFIC NATIVE
TRIMESTER BLACK WHITE ISLANDER AMERICAN HISPANIC

First 14.7 8.3 8.6 10.4 9.7
Second 17.5 10.2 10.8 12.7 11.0
Third 16.0 10.0 9.5 12.3 10.0
No prenatal care 33.4 21.7 19.4 24.0 19.8

Data from National Committee on Health Statistics for U.S. birth cohorts from 1998 to 2000 and from Berhman RE, Butler AS. Sociodem ographic a n d  C om m unity Factors C ontribu ting 
to Preterm  B irth : Causes, Consequences, a n d  Prevention. Institute of Medicine (US) Committee on Understanding Premature Birth and Assuring Healthy Outcomes. Washington, DC: 
National Academies Press; 2007.

JC■c

E
Q)

25 -i

20

15 -

1 0 -

Non-Hispanic
black

Non-Hispanic
white

Asian/Pacific
Islander

Native American Hispanic

FIG 29-6 Risk of preterm birth according to educational level (years) by race/ethnicity (see Table 29-1). (Data from Behrman RE, Stith Butler A. 
Committee on understanding premature birth and assuring healthy outcomes: causes, consequences, and prevention. Washington, DC: National 
Academies Press; 2007.)

association with PTB, although the mechanisms again remain 
uncertain.

The effect of the social environment on reproduction has since 
been examined in greater detail and reveals evidence of a caus
ative relationship. The magnitude of the increased risk of PTB 
according to educational level and race/ethnicity is shown in 
Table 29-1 and Figure 29-6.

A nearly twofold difference is seen in the rate of PTB for 
women of all racial and ethnic groups between those with the 
highest and lowest levels of education. Equally striking is the 
persistence of the disparity in rates of PTB in black women

regardless of their educational level, and in Table 29-2 and as 
shown in Figure 29-7, their access to early prenatal care.

BLACK RACE
Black women have a uniquely increased risk for PTB when 
compared with women from any other racial or ethnic back
ground.2 In 2005 through 2007, the rate of PTB averaged 
18.4% among black women, compared with 10.8% in Asian 
American, 11.6% in white, 12.6% in Hispanic, and 14.2% in 
Native American women. The disparity in the PTB rate persists 
after social and medical risk factors are accounted for24'27,28 and
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FIG 29-7 Risk of preterm birth according to access to early prenatal care by race/ethnicity and trimester (see Table 29-2). (Data from National 
Center for Health Statistics: U.S. Birth Cohorts From 1998 to 2000. From Berhman RE, Butler AS. Sociodemographic and Community Factors 
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is evident in black Americans but not in African women. The 
origins of the disparity are not well understood. Regardless of 
the etiology, all African American women may be considered 
to have an increased risk o f PTB even in the absence o f other 
risk factors.

Genetic Contributors to Preterm Birth
The notion of some genetic contribution to PTB is based on 
several observations. First, a woman’s family history of PTB 
influences her own risk. Porter and colleagues found that a 
mother who was herself born preterm had an inceased risk 
for delivering a child preterm; the magnitude o f that increased 
risk was inversely related to the gestational age o f her own 
birth. The odds ratio for PTB ranged from 1.18 (95% C l, 1.02 
to 1.37) for women who were born at 36 weeks’ gestation to 
2.38 (95% C l, 1.37 to 4.16) for women who were born at 30 
weeks’ gestation. A second set of observations from twin studies 
supports a genetic contribution to PTB. Treloar and colleagues29 
studied 905 Australian female twin pairs to determine whether 
delivery had occurred more than 2 weeks before term. In this 
study, “all-cause” PTB was the outcome.29’30 Twin-pair correla
tions were higher from monozygotic twin pairs than from dizy
gotic twin pairs (r=  0.3 ± 0.08 vs. 0.03 ± 0.11 standard error 
[SE], respectively). Heritability was calculated at 17% for 
preterm delivery in the first pregnancy and 27% for  preterm 
delivery  in any pregnancy. A population-based twin study in 
Scandinavia investigated 868 monozygotic and 1141 dizygotic 
female twin pairs who delivered singletons between 1973 and 
1993.29’30 Correlation for gestational length was higher for 
monozygotic compared with dizygotic twins, and heritability 
estimates from model fitting were approximately 30% for ges
tational age and 36% for PTB. This heritability appears to be 
the result of maternal, rather than paternal, lineage. The pattern

of PTBs that occur in family pedigrees suggests that the most 
likely form of inheritance is nonmendelian; rather, the observed 
pedigrees are more consistent with the influence of many genes. 
Numerous studies have aimed at discovering variation in genes 
that contribute to PTB, and many associations have failed to 
replicate across populations. However, four genes are signifi
cantly associated with PTB in genome-wide studies: follicle- 
stimulating hormone receptor (FSHR), insulin-like growth 
factor 1 receptor (IGF1R), protein col-52, and serpin peptidase 
inhibitor, clade B, member 2 (SERPINB2). Insights into the 
complex genetics o f PTB hold promise for giving insight into 
pathophysiology and, potentially, to risk identification; at 
present, neither o f these potential benefits influences clinical 
care.

Pregnancy History
The strongest historic risk factor is a previous birth between
16 and 36 weeks’ gestation. This history is often reported to 
confer a 1.5-fold to twofold increased risk but varies widely 
according to the number, sequence, and gestational age of prior 
PTBs (Fig. 29-8).

When the prior PTB occurs in a twin pregnancy, the risk of 
PTB in a subsequent singleton gestation rises as the gestational 
age at delivery o f the twins falls below 34 weeks’ gestation. There 
is minimal if  any increased risk for women whose prior twin 
birth occurred after 34 weeks’ gestation, but the risk o f  singleton 
PTB may be as much as 40% when the prior twin birth occurred 
before 30 weeks’ gestation.

Prior stillbirth11 and pregnancies ending between 16 and 20 
weeks’ gestation3 are also associated with increased risk of PTB 
in subsequent pregnancies.

Pregnancy termination in the first and second trimesters is 
linked to an increased risk of subsequent PTB, especially when
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PRIOR PRETERM DELIVERY STATUS BY ORDER AND GESTATIONAL AGE AT DELIVERY 
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FIG 29-8 Risk of recurrent preterm birth in 19,025 women with two prior births according to the order and gestational age of the previous birth. 
Very preterm, 21 to 31 weeks' gestation; moderate preterm, 32 to 36 weeks' gestation. (Modified from McManemy J, Cooke E, Amon E, Leet 
T. Recurrence risk for preterm delivery. Am J Obstet Gynecol. 2007;196[6]:576.e1-e7.)

performed with mechanical dilation or curettage or when per
formed repeatedly.32 Increased risk of PTB has been found after 
spontaneous, as well as induced, abortion.33

Current Pregnancy Risks
Mode o f conception also affects the risk of PTB. The increased 
rate of PTB after assisted reproduction is due not only to the 
increased occurrence of multiple gestations but also to an 
increased rate of PTBs in singleton pregnancies as well. A nearly 
twofold increased risk o f PTB is observed in singleton preg
nancies conceived with all methods o f fertility care, includ
ing ovulation promotion.34 A meta-analysis of 15 studies that 
compared 12,283 pregnancies resulting from in vitro fertiliza
tion (IVF) with 1.9 million spontaneously conceived singleton 
births found approximately twofold increased rates of perinatal 
mortality, PTB, LBW and VLBW, and SGA infants born after 
IVF. Rates of PTB among multiple gestations do not appear to 
be increased after assisted conception relative to spontaneously 
conceived twins and triplets, so the explanation for the increased 
rates in singletons is unclear. Microbial colonization of the upper 
genital tract, increased stress among infertile couples, side effects 
of superovulation, and increased rates of birth defects have been 
proposed as possible causes.

Bleeding and Vanishing Twins
Women who experience unexplained vaginal bleeding after 
the first trimester have an increased risk o f subsequent PTB 
that increases with the number o f bleeding episodes. Perhaps 
reflecting similar causes, the risk of PTB is also increased in 
women whose pregnancies are complicated by a vanishing twin 
(see Chapter 32) or by an unexplained elevation in maternal 
serum alpha-fetoprotein.

Multifetal Gestation and Uterine Distension
Multifetal gestation is one o f the strongest risk factors for
PTB. Rates of preterm, very preterm, LBW, and VLBW births 
according to fetal number are described in Chapter 32. Slightly 
more than 50% of women with twins deliver before 37 weeks’ 
gestation. The risk of early birth rises with the number of fetuses, 
which suggests uterine overdistension and fetal signaling as

potential pathways to the early initiation of labor. In addition 
to spontaneous preterm labor, multiple gestations are more com
monly complicated by medical and obstetric disorders that lead 
to indicated preterm delivery. Poor fetal growth, fetal anomalies, 
hypertension, abruptio placentae, and fetal compromise are 
more common in multiple gestations and increase with the 
number of fetuses. The chorionicity of twin gestations is also an 
important factor in the risk for adverse pregnancy outcomes. 
Monochorionic twin pregnancies are more likely than dicho- 
rionic twin gestations to be complicated by stillbirth and 
fetal growth restriction. Newborn monochorionic twins are 
more likely than dichorionic twins to experience NEC and 
neurologic morbidity. It is unclear how much of the excess rate 
of PTB among monochorionic twins is due to indicated versus 
spontaneous PTB.

Risk-Scoring Systems
Attempts to develop scoring systems based on historic and 
epidemiologic data plus current pregnancy risk factors have 
had low sensitivity to identify women who will give birth 
preterm, but they have not included some o f the historic risks 
listed here.

PATHOPHYSIOLOGY OF 
SPONTANEOUS PRETERM BIRTH
Term and preterm parturition share anatomic, physiologic, 
and biochemical features that are considered part o f the 
common pathway o f parturition. This pathway includes
(1) cervical changes (soften ing, and rip en in g), (2) membrane/ 
decidual activation, and (3) increased uterine contractility. 
However, although spontaneous labor at term results from phys
iologic activation of the common pathway of parturition, 
preterm labor is the result of a p a th o lo g ic  a ctiva tion  of this 
pathway. The insult responsible for activation may lead to asyn
chronous recruitment of each pathway. Asynchrony is recog
nized clinically as (1) cervical insufficiency when the process 
affects predominandy the cervix; (2) preterm uterine con
tractions when the process affects the myometrium; or 
(3) preterm premature rupture o f membranes (PPROM) if
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624 Section V Complicated Pregnancy

the insult acts on the chorioamniotic membranes. Synchro
nous activation in the preterm gestation would be labeled as 
preterm labor with intact membranes. W hether at or before 
term, parturition culminates in a common pathway composed 
of cervical changes, persistent uterine contractions, and activa
tion of the decidua and membranes. The fundamental difference 
is that labor at term is a normal physiologic activation of the 
common pathway, whereas preterm parturition is the result, 
entirely or in part, of pathologic processes that activate one or 
more of the components of the common pathway.

Although labor is of short duration (hours or days at the 
most), parturition is a longer process that includes a preparatory 
phase of the key tissues involved in the common pathway. 
Thus cervical changes occur over weeks, myometrial contrac
tility is increased before the onset o f labor, and the appear
ance o f fetal fibronectin (FFN) in the cervicovaginal mucus 
can be considered to reflect extracellular matrix (ECM) deg
radation, which indicates activation o f the decidua and 
membranes.

A fetal maturity-based signal for labor originates in the fetal 
hypothalamus and leads to increased secretion of corticotropin- 
releasing hormone (CRH), which in turn stimulates adrenocor
ticotropic hormone (ACTH) and cortisol production by the 
fetal adrenals, which ultimately leads to activation of the 
common pathway of parturition. The fetus may contribute to 
the onset of preterm labor in the context of the fetal inflamma
tory response syndrome (see below).

Spontaneous PTB may best be understood as a syndrome 
in which the clinical presentations o f preterm labor, preterm 
ruptured membranes, and preterm cervical effacement and 
dilation without labor occur as the result o f multiple etiolo
gies that can occur alone or in combination. Some act to in iti
ate preterm parturition acutely—for example, with acute 
posttraumatic placental abruption— but most follow a more 
subacute or indolent path over several weeks. It is helpful to 
remember that the normal process of parturition proceeds for 
several weeks before clinically evident labor begins. Thus patho
logic stimuli of parturition may act in concert with the normal 
physiologic preparation for labor, especially after 32 weeks’ ges
tation. Before 30 to 32 weeks, a greater proportion of preterm 
labor has a pathologic stimulus.

Cervical Changes: Softening and Ripening
The cervix is a critical structure in pregnancy and parturi
tion; it must maintain structural integrity and act as a physi
cal barrier during pregnancy and subsequently transition to 
allow passage o f the fetus during delivery. This change is not 
acute; physiologic parturition occurs over the course of gestation 
and requires evolving biochemical and biomechanical changes 
in the cervix that manifest as cervical ripening.35,36 Molecular 
processes that underlie cervical ripening are different between 
physiologic and pathologic parturition and may differ among 
etiologies of pathologic parturition.

Although collagen is the main contributor to the tensile 
strength o f the cervix, glycosaminoglycans (GAGs) are criti
cal to determining the viscoelastic properties o f the tissue. 
GAGs are long, unbranched polysaccharides—vital components 
of the ECM— that serve many roles: they help to determine 
tissue hydration, which contributes to viscous tissue properties, 
and they stabilize the overall architecture of the ECM. In addi
tion, small leucine-rich proteoglycans (GAGs linked to core 
proteins) such as decorin have been shown to interact with

soluble growth factors and mediators of inflammation. Tight 
junctions in the cervical epithelial cells provide structural support 
and regulate fluid fluxes.

Cervical epithelia have numerous functions that include pro
liferation, differentiation, maintenance of fluid balance, protec
tion from environmental hazards, and paracellular transport of 
solutes via tight junctions. Epithelial functions must be carefully 
regulated during pregnancy and parturition, and molecules 
important in epithelial integrity and function are key compo
nents of cervical changes in animal models and in women 
at term. ECM turnover in the cervix is high, and thus the 
mechanical properties of the cervix can change rapidly. Changes 
in ECM during cervical ripening include an influx o f inflam
matory cells— macrophages, neutrophils, mast cells, eosino
phils, and so on— into the cervical stroma in a process similar 
to an inflammatory response. These cells produce cytokines 
and prostaglandins that affect ECM metabolism. Prostaglan
dins effect cervical ripening physiologically and have been widely 
used as pharmacologic agents to ripen the cervix for induction 
of labor. Cervical ripening is influenced by estrogen, which 
induces ripening by stimulating collagen degradation, and by 
progesterone, which blocks these estrogenic effects. Further
more, administration of a progesterone receptor antagonist can 
induce cervical ripening, and administration of progesterone has 
been reported to delay or even reverse ripening. Another media
tor implicated in the mechanisms of cervical ripening is nitric 
oxide (NO), which can act as an inflammatory mediator.

Cervical changes normally precede the onset of labor, are 
gradual, and develop over several weeks. PTB is often preceded 
by cervical ripening over a period of weeks in the second and 
third trimesters, evidenced on clinical examination by softening 
and thinning of the cervix and on ultrasound examination of 
the cervix by cervical “funneling” and shortening of the length 
of the endocervical canal.

Increased Uterine Contractility
Labor is characterized by a change in uterine contractility 
from episodic uncoordinated myometrial contractures that 
last several minutes and produce little increase in intrauterine 
pressure to more coordinated contractions of short duration 
that produce marked increases in intrauterine pressure that 
ultimately effect delivery. The change from the contracture 
to the contraction pattern typically begins at night, which 
suggests neural control. The transition from contractures to 
contractions may progress to normal labor or may occur dys- 
synchronously as the result of inflammation (e.g., with maternal 
infection or abdominal surgery). Fasting may also induce the 
switch in humans. Oxytocin is produced by the decidua and 
the paraventricular nuclei of the hypothalamus, indicating 
both an endocrine and a paracrine role. Plasma concentrations 
of oxytocin mirror uterine contractility, which suggests 
oxytocin may mediate the circadian rhythm in uterine 
contractility.

Cellular communication is another feature of labor, pro
mulgated by formation of gap junctions that develop in the 
myometrium before labor and disappear after delivery. Gap- 
j unction formation and the expression of the gap-junction 
protein connexin 43 in the human myometrium is similar 
in term and preterm labor. These findings suggest that the 
appearance o f gap junctions and increased expression o f con
nexin 43 may be part o f the underlying molecular and cel
lular events responsible for the switch from contractures to
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Chapter 29 Preterm Labor and Birth 625

contractions before the onset o f parturition. Estrogen, 
progesterone, and prostaglandins have been implicated in the 
regulation of gap-junction formation and in influencing the 
expression of connexin 43. Lye and colleagues have proposed 
that changes in a set of distinct proteins called contraction- 
associated proteins are characteristic of this stage of parturition.

Decidual Membrane Activation
The maternal decidua and adjacent fetal membranes undergo 
anatomic and biochemical changes during the final weeks of 
gestation that ultimately result in a spontaneous rupture of 
the membranes. Premature activation o f this mechanism 
leads to PPROM, the clinical antecedent for up to 40%  of 
all preterm deliveries. Although rupture of the membranes 
normally occurs during the first stage of labor, histologic 
studies of prematurely ruptured membranes show decreased 
amounts of collagen types I, III, and V; increased expression 
of tenascin, expressed during tissue remodeling and wound 
healing; and disruption of the normal wavy collagen pattern, 
which suggests that preterm rupture is a process that precedes 
the onset of labor.

Structural ECM proteins such as collagens have been impli
cated in the tensile strength of the membranes, whereas the 
viscoelastic properties have been attributed to elastin. Dissolu
tion of extracellular cements (e.g., fibronectins) is thought to 
be responsible for the process that allows the membranes to 
separate from the decidua after the birth of the infant. Degrada
tion of the ECM, assessed by the detection of FFN, is part 
of the common pathway of parturition. The presence of FFN or 
pathogen-associated molecular patterns (PAMPs) in cervicovagi- 
nal secretions between 22 and 37 weeks’ gestation is evidence of 
disruption of the decidual-chorionic interface and is associated 
with an increased risk of PTB.

The precise mechanism of membrane/decidua activation 
is uncertain, but matrix-degrading enzymes and apoptosis— 
programmed cell death— have been proposed. Increased levels 
of matrix metalloproteinases (MMPs) and their regulators (tissue 
inhibitors of metalloproteinases [TIMPs]) have been docu
mented in the amniotic fluid of women with PPROM.

Apoptosis may also play a role in the mechanism of mem
brane rupture through increased expression of proapoptotic 
genes and decreased expression of antiapoptotic genes. MM P-9 
may induce apoptosis in the amnion.

Fetal Participation in the Onset of Labor
A fetal signal contributes to the onset o f labor in animals 
and humans. Destruction of the paraventricular nucleus of the 
fetal hypothalamus results in prolongation of pregnancy in 
sheep. The human counterpart to this animal experiment is 
anencephaly, which is also characterized by prolonged pregnancy 
when women with polyhydramnios are excluded. The current 
paradigm is that once maturity has been reached, the fetal 
brain— specifically the hypothalamus— increases CRH secre
tion that, in turn, stimulates ACTH and cortisol production 
by the fetal adrenals. This increase o f cortisol in sheep and 
of dehydroepiandrosterone sulfate (DHEAS) in primates 
eventually leads to activation o f the common pathway of 
parturition.

Preterm Parturition Syndrome
Obstetric taxonomy is largely based on clinical presentation, not 
the mechanism of disease. Preterm labor may occur as the

common clinical presentation o f infection, vascular insult, 
uterine overdistension, abnormal allogeneic recognition, 
stress, or other pathologic processes. Often more than one 
of these factors is operative in the same patient. Thus preterm 
labor is a syndrome for which no single diagnostic test 
or treatment exists. Obstetric syndromes share the following 
features:

• Multiple etiologies
• Chronicity
• Fetal involvement
• Clinical manifestations that are adaptive
• Variable susceptibility due to gene-environment inter

actions
Each of these features is true of PTB. As listed earlier, preterm 

labor clearly has multiple etiologies. Pathways to preterm labor 
are demonstrated to be chronic, as seen in the time interval 
between observation of a short cervix or increased concentra
tions of FFN in vaginal fluid in the midtrimester of pregnancy 
and subsequent preterm labor or delivery. Fetal involvement has 
been demonstrated in women with microbial invasion of the 
amniotic cavity, in which fetal bacteremia and cytokine produc
tion have been detected in 30% of women with PPROM and 
an amniotic fluid culture positive for microorganisms. Similarly, 
neonates bom after spontaneous preterm labor or PPROM are 
more likely to be small for gestational age, which suggests chron
ically compromised fetal supply. Preterm labor may be seen as 
an adaptive mechanism of host defense against infection that 
allows the mother to eliminate infected tissue and allows the 
fetus to exit a hostile environment. If the clinical manifestations 
are adaptive, it is not surprising that treatments aimed at the 
common terminal pathway of parturition, such as tocolysis or 
cerclage, and not at the fundamental mechanism of disease- 
inducing activation of the pathway—myometrial contractility, 
cervical dilation, and effacement—would not be effective. 
Increasing evidence suggests gene-environment interaction in 
the steps leading to preterm labor complicated by the presence, 
and even perhaps the conflicting interests, of two genomes: 
maternal and fetal. This is most evident in studies of the relation
ship between maternal genital tract colonization and PTB. 
Finally, additional mechanisms may be at play that have not yet 
been identified.

Pathologic processes implicated in the preterm parturi
tion syndrome include intrauterine inflammation/infection, 
vascular disorders, uterine overdistension, breakdown of 
maternal-fetal tolerance, allergy-induced causes, cervical 
insufficiency, and endocrine disorders.

Intrauterine Infection
Systemic maternal infections such as pyelonephritis and pneu
monia are frequently associated with the onset of premature 
labor in humans. Intrauterine infection is a frequent and 
important mechanism o f disease leading to preterm delivery. 
Intrauterine infection or systemic administration of microbial 
products to pregnant animals can result in preterm labor 
and delivery, and substantial evidence shows that subclinical 
intrauterine infections are associated with preterm labor and 
delivery. Moreover, fetal infection and inflammation have been 
implicated in the genesis of fetal or neonatal injury leading to 
cerebral palsy and chronic lung disease. Microbiologic and 
histopathologic studies suggest that infection-related inflam
mation may account for 25%  to 40%  o f cases o f preterm 
delivery.
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626 Section V Complicated Pregnancy

Frequency of Intrauterine Infection in Spontaneous 
Preterm Birth
The prevalence of amniotic fluid cultures positive for microor
ganisms in women with preterm labor and intact membranes is 
approximately 13%, with additional instances of infection that 
are identifiable using polymerase chain reaction (PCR) tech
niques rather than culture. The earlier the gestational age at 
PTB, the more likely that microbial invasion of the amniotic 
cavity is present. In PPROM, the prevalence o f positive amni
otic fluid cultures for microorganisms is approximately 32% . 
Among women with a dilated cervix in the midtrimester, the 
prevalence of positive amniotic fluid cultures is 51%. Microbial 
invasion of the amniotic cavity occurs in 12% of twin gestations 
with preterm labor and when delivering a preterm neonate. The 
most common microorganisms found in the amniotic cavity are 
Mycoplasma and U. urealyticum.

Intrauterine Infection as a Chronic Process
Evidence in support of chronicity of intrauterine inflammation/ 
infection is derived from studies of the microbiologic state of 
the amniotic fluid, as well as the concentration of inflammatory 
mediators, at the time of genetic amniocentesis. Genital myco- 
p I as m as that include M. hominis and also U. urealyticum  have 
been recovered from amniotic fluid samples obtained at second- 
trimester genetic amniocentesis, with subsequent preterm deliv
ery and histologic chorioamnionitis, especially in those with U. 
urealyticum. Increased levels o f many inflammatory markers 
have been found in second-trimester amniotic fluid samples 
obtained from women who subsequendy delivered preterm. 
These observations suggest that infection and inflammation in 
the amniotic cavity in the midtrimester of pregnancy can lead 
to preterm delivery weeks later. The most advanced stage of 
intrauterine infection is fetal infection. Fetal bacteremia has been 
detected in blood obtained by cordocentesis in 33% of fetuses 
with positive amniotic fluid culture and in 4% of those with 
negative amniotic fluid culture.

Molecular mediators that trigger parturition (cytokines and 
other inflammatory mediators) are similar to those that protect 
the host against infection. The onset o f preterm labor in 
response to intrauterine infection is thus very likely a host 
defense mechanism with survival value for the mother and, 
after viability, for the fetus.

Infection, Preterm Labor, and Neonatal Outcomes
The scenario postulated from the preceding evidence is that 
microorganisms that reside in or ascend to reach the decidua 
may, depending on host defense and environmental influ
ences, stimulate a local inflammatory reaction and the pro
duction o f proinflammatory cytokines, chemokines, and 
inflammatory mediators. This inflammatory process, which is 
initially extraamniotic, may produce cervical effacement, further 
inflammation of the choriodecidual interface, and uterine con
tractions, and it may progress to the amniotic fluid and ulti
mately to the fetus. Microorganisms are known to cross intact 
membranes into the amniotic cavity, where inflammatory medi
ators are produced by resident macrophages and other host cells 
within the amniotic cavity. Finally, microorganisms that gain 
access to the fetus may elicit a systemic inflammatory response, 
the fetal inflammatory response syndrome (FIRS), characterized 
by increased concentrations of interleukin-6 (IL-6) and other 
cytokines as well as cellular evidence of neutrophil and mono
cyte activation.

FIRS is a subclinical condition originally described in 
fetuses o f mothers with preterm labor and intact membranes 
and PPROM. Fetuses with FIRS have a higher rate of neonatal 
complications and are frequently born to mothers with subclini
cal microbial invasion of the amniotic cavity. Evidence of mul- 
tisystemic involvement in cases of FIRS includes increased 
concentrations of fetal plasma M M P-9, neutrophilia, a higher 
number of circulating nucleated red blood cells, and higher 
plasma concentrations of granulocyte-colony stimulating factor 
(G-CSF). The histologic hallmark of FIRS is inflammation in 
the umbilical cord (funisitis) or chorionic vasculitis. The sys
temic fetal inflammatory response may result in multiple organ 
dysfunction, septic shock, and death in the absence of timely 
delivery. Newborns with funisitis are at increased risk for neo
natal sepsis and long-term handicaps that include BPD and 
cerebral palsy.

When the inflammatory process does not involve the chorio- 
amniotic membranes and decidua, systemic fetal inflammation 
and injury may occur in the absence of labor with eventual 
delivery at term. An example of this is fetal alloimmunization 
(see Chapter 34), in which fetal plasma concentrations of IL-6 
are elevated, but preterm labor does not occur.

Gene-Environment Interactions
Gene-environment interactions underlie many complex disor
ders such as atherosclerosis and cancer. A gene-environment 
interaction is said to be present when the risk o f a disease 
(occurrence or severity) among individuals exposed to both 
genotype and an environmental factor is greater or less than 
that predicted from the presence o f either the genotype or 
the environmental exposure alone. The inflammatory response 
to the presence of microorganisms is modulated by interactions 
between the host genotype and environment that determine the 
likelihood and course of some infectious diseases. An example 
of such an interaction has been reported for BV, an allele for 
tumor necrosis factor alpha (TN F-a) and preterm delivery. 
Maternal BV is a consistently reported risk factor for spontane
ous preterm delivery, yet treatment of BV does not reliably 
prevent PTB in women with BV. One potential explanation has 
come from a study of PTB rates in women according to their 
carriage of BV and whether or not they had allele 2 ofTNF-OC, 
known to be associated with sPTB. Both BV (odds ratio [OR], 
3.3; 95% CI, 1.8 to 5.9) and T N F -a allele 2 (OR, 2.7; 95% 
CI, 1.7 to 4.5) were associated with increased risk for preterm 
delivery, but the risk of sPTB was substantially increased (OR, 
6; 95% CI, 1.9 to 21.0) in women with both BV and the TN F-a 
allele 2. It is reasonable to assume that other gene-environment 
interactions may contribute to PTB.

Uteroplacental Ischemia and 
Decidual Hemorrhage
After inflammation, the most common abnormalities seen 
in placental pathology specimens from sPTBs are vascular 
lesions o f the maternal and fetal circulations. Maternal lesions 
include failure of physiologic transformation of the spiral 
arteries, atherosis, and thrombosis. Fetal abnormalities include 
a decreased number of villous arterioles and fetal arterial 
thrombosis.

One proposed mechanism linking vascular lesions and 
preterm labor/delivery is uteroplacental ischemia, evidenced 
in primate models and in studies that found failure of physio
logic transformation in the myometrial segment of the spiral
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arteries— a phenomenon typical of preeclampsia and intrauter
ine growth restriction (IUGR)— in women with preterm labor 
and intact membranes and PPROM. Abnormal uterine artery 
Doppler velocimetry indicative of increased impedance to flow 
in the uterine circulation has been reported in women with 
apparently idiopathic preterm labor.

The mechanisms responsible for preterm parturition in cases 
of ischemia have not been determined, but uterine ischemia 
has been postulated to lead to increased production of uterine 
renin from the fetal membranes. Angiotensin II can induce 
myometrial contractility directly or through the release of 
prostaglandins.

Decidual necrosis and hemorrhage can activate parturi
tion through production o f thrombin, which stimulates 
myometrial contractility in a dose-dependent manner.
Thrombin also stimulates production of M M P-1, urokinase- 
type plasminogen activator (uPA), and tissue-type plasminogen 
activator (tPA) by endometrial stromal cells in culture. Directly 
or indirectly, these factors can digest important components of 
the ECM in the chorioamniotic membranes. Thrombin/ 
antithrombin complexes, a marker of in vivo generation of 
thrombin, are increased in plasma and amniotic fluid of women 
with preterm labor and PPROM. The decidua is a rich source 
of tissue factor, the primary initiator of coagulation and of 
thrombin activation. These observations are consistent with 
clinical associations among vaginal bleeding, retroplacental 
hematomas, and preterm delivery.

Uterine ischemia should not be equated with fetal hypox
emia. Studies o f fetal cord blood do not support fetal hypox
emia as a cause or consequence o f preterm parturition.

Uterine Overdistension
The mechanisms responsible for the increased frequency of 
PTB in multiple gestations and other disorders associated 
with uterine overdistension are unknown. Central questions 
are how the uterus senses stretch, and how these mechanical 
forces induce biochemical changes that lead to parturition. 
Increased expression of oxytocin receptor, connexin 43, and 
the c-fos messenger RNA (mRNA) have been consistently 
demonstrated in the rat myometrium near term. Progesterone 
blocks stretch-induced gene expression in the myometrium. 
Mitogen-activated protein kinases have been proposed to 
mediate stretch-induced c-fos mRNA expression in myometrial 
cells. Stretch can have effects on the membranes; for example, 
in vitro studies have demonstrated an increase in the production 
of collagenase, interleukin 8 (IL-8), and prostaglandin E2 (PGE2) 
as well as the cytokine pre—B-cell colony-enhancing factor. These 
observations provide a possible link between the mechanical 
forces that operate in an overdistended uterus and in the rupture 
of membranes.

Breakdown of Fetal-Maternal Tolerance
The fetoplacental unit is the most successful transplant. This is 
made possible by the development of a tolerogenic state, a state 
of immune tolerance during normal pregnancy that requires 
participation of the maternal and fetal immune systems as well 
as active suppression at the maternal-fetal interface. Recent evi
dence suggests that maternal antifetal rejection is a common 
mechanism of disease in premature labor. Chronic chorioamnio
nitis, a lesion in which maternal lymphocytes infiltrate the cho
rioamniotic membranes, is the most common pathologic finding 
in sPTB. Maternal lymphocytes can induce destruction of the

trophoblast in the chorion and can thus induce preterm labor. 
This lesion, as well as chronic villitis, is considered to represent 
evidence of maternal antifetal rejection.37,38

Allergy-Induced Preterm Labor
Case reports indicate that preterm labor has occurred after expo
sure to an allergen that generates an allergic-like mechanism 
(type I hypersensitivity reaction) and that some women with 
preterm labor have eosinophils as the predominant cells in amni
otic fluid, suggesting a form o f uterine allergy. Mast cells in 
the uterus produce histamine and prostaglandins, both of which 
can induce myometrial contractility. Premature birth can be 
induced by exposure to an allergen in sensitized animals, and it 
can be prevented by treatment with a histamine Hi receptor 
antagonist.

Cervical Insufficiency
Prompted by knowledge o f the relationship between a sono
graphic short cervix with and a subsequent PTB, the under
standing o f cervical function evolved from a categorical 
concept o f cervical incompetence versus competence to one 
o f “competence as a continuum.”13 However, subsequent anal
yses of these same data12 were conducted in response to clinical 
trials that demonstrated that preterm cervical shortening (soft
ening and ripening) is not the passive result of tissue weakness 
but instead is an active process that can be slowed or prevented 
by progesterone supplementation in some women.1' 1,1 These 
studies have led to the conclusion that a short cervix in the 
second trimester of pregnancy is evidence that parturition has 
begun, presumably triggered by decidual membrane activation 
in response to microbial colonization and/or decidual hemor
rhage, perhaps aided by cervical factors and/or subclinical 
myometrial activity. Figure 29-9 shows the length of the cervix 
at 22 to 24 weeks’ gestation and the subsequent rate of cervical

MEAN CERVICAL LENGTH AT GESTATIONAL AGE

Gestational age

— o — PTL 
— o—  PPROM 
— **—  Indicated 
— o— Term

FIG 29-9 Length of the cervix at 22 to 24 weeks' gestation and the 
subsequent rate of cervical shortening in women who present after 
28 weeks with preterm labor (PTL) or preterm premature rupture of 
membranes (PPROM) compared with women who delivered at term 
or preterm for medical indications.
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628 Section V Complicated Pregnancy

shortening in women who later presented after 28 weeks’ gesta
tion with preterm labor or PPROM compared with women who 
delivered at term or preterm because of a medical indication. 
Significant differences in CL were already evident at 22 to 24 
weeks, more than a month before clinical presentation, and 
accelerated for several weeks before clinical presentation.

Endocrine Disorders
Estrogen and progesterone play a central role in the endocrinol
ogy of pregnancy. Progesterone is thought to maintain myo
metrial quiescence and inhibit cervical ripening. Estrogens 
have been implicated in increasing myometrial contractility 
and excitability as well as in the induction o f cervical ripen
ing before the onset o f labor. In many species, a fall in maternal 
serum progesterone concentration occurs before spontaneous 
parturition, but the mechanism for this progesterone withdrawal 
depends primarily on whether the placenta or the corpus luteum 
is the major source of progesterone.

A decrease in serum progesterone levels has not been demon
strated before parturition in humans. Nevertheless, inhibition of 
progesterone action could result in parturition. Alternative 
mechanisms posited to explain a suspension of progesterone 
action without a serum progesterone withdrawal include binding 
of progesterone to a high-affinity protein and thus a reduction 
in the functional active form; increased cortisol concentration 
that competes with progesterone for binding to the glucocorti
coid receptors, resulting in functional progesterone withdrawal; 
and conversion of progesterone to an inactive form within the 
target cell before interaction with its receptor. None of these 
hypotheses are proven. Recent research has focused on altera
tions in the number and function of estrogen-progesterone 
receptors and progesterone binding.

The human progesterone receptor (PR) exists as two major 
subtypes, PR-A and PR-B. Another isoform, PR-C, has recently 
been described, but its function is not well understood. The 
human estrogen receptor (ER) also exists as two major subtypes, 
ERa and ERb. A functional progesterone withdrawal has been 
proposed in which expression of PR-A in the myometrium sup
presses progesterone responsiveness and that functional proges
terone withdrawal occurs by increased expression of PR-A relative 
to PR-B. An alternative mechanism of functional progesterone 
withdrawal has been proposed wherein activation of nuclear 
factor kappa B (NFkB) in the amnion represses progesterone 
function. Regardless of the mechanism, consensus is building 
for the idea that a localized functional progesterone withdrawal 
occurs in the myometrium during human parturition.

Summary of the Preterm 
Parturition Syndrome
Preterm parturition is a syndrome caused by multiple etiologies 
with several clinical presentations, including uterine contractility 
(preterm labor), preterm cervical ripening without significant 
clinical contractility (cervical insufficiency or advanced cervical 
dilation and effacement), or rupture of the amniotic sac 
(PPROM). The clinical presentation varies with the type and 
timing of the insult or stimulus to the components of the 
common pathway of parturition, the presence or absence of 
environmental cofactors, and individual variations of the host 
response by both mother and fetus. This conceptual framework 
has implications for the understanding of the mechanisms 
responsible for the initiation of preterm parturition as well as 
the diagnosis, treatment, and prevention of PTB.

CLINICAL CARE FOR WOMEN 
IN PRETERM LABOR
Clinical evaluation o f preterm parturition begins with assess
ment o f potential causes o f labor, looking first for condi
tions that threaten the health o f the mother and fetus. Acute 
maternal conditions— for example, pyelonephritis, pneumonia, 
asthma, peritonitis, trauma, and hypertension— or obstetric 
conditions that include preeclampsia, placental abruption, pla
centa previa, and chorioamnionitis, may mandate delivery. Fetal 
compromise may be acute, manifested by an abnormal fetal 
heart rate tracing, or it may be chronic, indicated by fetal growth 
restriction (FGR) or oligohydramnios; it may require delivery 
depending on the severity and potential for in utero versus ex 
utero treatment. Fetal growth restriction is more common in 
infants delivered after preterm labor or PPROM, even in appar
ently otherwise uncomplicated pregnancies. Conditions that 
suggest specific therapy, such as preterm ruptured mem
branes or cervical insufficiency, should then be sought and 
treated accordingly.

The next concerns are the accuracy o f preterm labor diag
nosis and the balance o f risks and benefits that accompany 
active attempts to inhibit labor versus allowing delivery 
(Box 29-3).

DIAGNOSIS OF PRETERM LABOR
Given the pathways for preterm parturition described earlier, 
clinical recognition of preterm labor requires attention to the 
biochemical, as well as the biophysical, features of the onset of 
labor. Pathologic uterine contractility rarely occurs in isolation; 
cervical ripening and decidual membrane activation are almost 
always in progress as well, most often before uterine contrac
tions are clinically evident. Therefore preterm labor must be 
considered whenever a pregnant woman reports recurrent 
abdominal or pelvic symptoms that persist for several hours 
in the second half o f pregnancy. Symptoms of preterm labor 
such as pelvic pressure, increased vaginal discharge, backache, 
and menstrual-like cramps occur frequently in normal preg
nancy and suggest preterm labor more by persistence than by 
severity. Contractions may be painful or painless, depending

BOX 29-3 DIAGNOSIS OF PRETERM LABOR 
AND INITIAL ASSESSMENT

• W h a t is th e  g e s ta tio n a l age, and w h a t is th e  leve l o f 
c o n fid e n c e  a b o u t th e  a ccu ra cy  o f th e  g e s ta tio n a l age?

• In th e  absence  o f  ad va nce d  la b o r (cerv ica l e ffa ce m e n t 
>80%  w ith  d ila tio n  >2 cm ) and a c le a r cause  o f  p re te rm  
la b o r, w h a t is th e  a ccu ra cy  o f th e  d ia g n o s is  o f  p re te rm  

labor?
• A re  c o n firm a to ry  d ia g n o s tic  te s ts  such as ce rv ica l 

s o n o g ra p h y , fe ta l f ib ro n e c tin , o r  a m n io c e n te s is  fo r  
in fe c tio n  necessary?

• W h a t is th e  a n tic ip a te d  n e o n a ta l m o rb id ity  and m o rta lity  
at th is  g e s ta tio n a l age in th is  c lin ic a l se tting ?

• S h o u ld  la b o r be s to p pe d ?
• Is tra n s fe r  to  a m o re  a p p ro p r ia te  h o s p ita l req u ire d?
• S h o u ld  fe ta l lu n g  m a tu r ity  be te s ted?
• W h a t in te rv e n tio n s  can be a p p lie d  th a t w il l  reduce  the 

risks o f  p e rin a ta l m o rb id ity  and m o rta lity ?
• S h o u ld  d ru g s  to  a rre s t la b o r ( to c o ly tic s ), g lu c o c o rtic o id s , 

o r  a n tib io tic s  be g iven?
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on the resistance offered by the cervix. Contractions against a 
closed, unefFaced cervix are likely to be painful, but persistence 
of recurrent pressure or tightening may be the only symptoms 
when cervical effacement precedes the onset of contractions.

For decades, the clinical diagnosis o f preterm labor has 
been based on the presence o f regular, painful uterine con
tractions accompanied by cervical dilation and/or efface- 
ment. These criteria assume a crisp demarcation between 
preterm parturition and preterm labor that is increasingly 
understood as being more gradual than previously thought. 
If considered a screening criteria for the outcome “preterm 
birth,” clinical signs and symptoms demonstrate poor sensitivity 
and specificity. Identifying women with preterm contractions 
who will actually deliver preterm is an inexact process. In like 
fashion, identifying those women who are at increased risk of 
not just PTB, but imminent PTB, remains elusive. A systematic 
review noted that approximately 30% of preterm labor cases 
resolved spontaneously. In subsequent studies, 50% of patients 
hospitalized for preterm labor actually delivered at term.

The inability to accurately distinguish women with an 
episode o f preterm labor who will deliver preterm from those 
who deliver at term has greatly hampered the assessment 
of therapeutic interventions because as many as 50% of 
untreated (or placebo-treated) subjects do not actually deliver 
preterm. Optimal criteria for initiation o f treatment are 
unclear. A contraction frequency of six or more per hour, cervi
cal dilation of 3 cm, effacement of 80%, ruptured membranes, 
and bleeding are symptoms of preterm labor most often associ
ated with preterm delivery. W hen lower thresholds for contrac
tion frequency and cervical change are used, a false-positive 
diagnosis— defined in randomized controlled trials (RCTs) as 
delivery at term after treatment with placebo only—occurs in 
nearly 40% of women, but sensitivity does not rise. Difficulty 
in accurate diagnosis is the product of the high prevalence of the 
symptoms and signs of early preterm labor in normal pregnancy, 
the gradual onset of preterm labor discussed earlier, and the 
imprecision of digital examination of the cervix below 3 cm 
dilation and 80% effacement. The practice o f initiating toco
lytic drugs for contraction frequency without additional 
diagnostic criteria results in unnecessary treatment o f women 
who are not at increased risk o f imminent sPTB.

Diagnostic Tests for Preterm Labor
Symptomatic women whose cervical dilation is less than 2 cm 
and whose effacement is less than 80% present a diagnostic 
challenge. Diagnostic accuracy may be improved in these 
patients by testing other features o f parturition such as cervi
cal ripening; measurement o f CL by transvaginai ultrasound; 
and decidual activation, tested by an assay for FFN in cervi- 
covaginal fluid.40,41 Both tests aid diagnosis primarily by reduc
ing false-positive results. Transabdominal ultrasound (TAU) has 
poor reproducibility for cervical measurement and should not 
be used clinically without confirmation by a transvaginai ultra
sound (TVU). If the examination is properly performed, a CL 
of 30 mm or more by endovaginal sonography indicates that 
preterm labor is unlikely in symptomatic women.

Similarly, a negative FFN test in women with symptoms 
before 34 weeks’ gestation with cervical dilation less than 3 cm 
can also reduce the rate of false-positive diagnosis if  the result is 
returned promptly and the clinician is w illing to act on a nega
tive test result by not initiating treatment. W hen both tests were 
performed in a study o f206 women with possible preterm labor,

BOX 29-4 CLINICAL EVALUATION OF PATIENTS WITH 
POSSIBLE PRETERM LABOR

1. Patient presents w ith  s igns/sym ptom s o f preterm  labor
• Persistent contractions, pa infu l o r painless
• In te rm itten t abdom ina l cram ping, pelvic pressure, or 

backache
• Increase or change in vagina l discharge
• Vaginal spo tting  or bleeding

2. General physical exam ina tion
• S itting pulse and b lood pressure
• Tem perature
• External fetal heart rate and contraction m on ito r

3. S terile speculum  exam ina tion
• pH
• Fern
• Pooled flu id
• F ibronectin swab (poste rio r fo rn ix  or external cervical 

os, avo id ing areas w ith  bleeding)
• Cultures fo r Chlam ydia  (cervix), Neisseria  

gonorrhoeae  (cervix), and group B Streptococcus  
(ou ter th ird  o f vagina and perineum )

4. T ransabdom inal u ltrasound exam ination
• Placental location
• A m n io tic  flu id  vo lum e
• Estim ated fetal w e igh t and presentation
• Fetal w e ll-be ing

5. Cervical exam ina tion (after rup tured m em branes are 
excluded)
a. Cervix >3 cm d ila tion , >80% effaced

• Preterm labor d iagnosis con firm ed. Evaluate fo r 
tocolysis.

b. Cervix 2 to  3 cm d ila tion, <80% effaced
• Preterm labor like ly but not established.

M on ito r con traction frequency and repeat d ig ita l 
exam ina tion in 30 to  60 m inutes. Diagnose preterm  
labor if cervix changes. If not, send fib ro ne c tin  or 
obtain transvaginai cervical u ltrasound. Evaluate fo r 
toco lys is  if any cervical change occurs, cervical 
length is <20 m m , o r fib ronectin  is positive.

c. Cervix <2 cm d ila tion  and <80% effaced
• Preterm labor d iagnosis uncertain. M on ito r 

con traction frequency, send fib ro ne ctin  and/or 
obtain cervical sonography, and repeat d ig ita l 
exam ina tion in 1 to  2 hours. Evaluate fo r  toco lys is  if 
change in cervical d ila tion  is 1 cm, effacem ent is 
>80%, cervical length is <20 m m , or fib ro ne c tin  is 
positive.

6. Use o f cervical u ltrasound
• Cervical length <20 m m  and  contraction criteria  met: 

preterm  labor
• Cervical length 20 to  30 m m  and  con traction criteria 

met: probable  pre term  labor
• Cervical length >30 mm : preterm  labor very  un like ly  

regardless o f contraction frequency

the FFN test improved the performance of sonographic CL only 
when the sonographic CL was less than 30 mm (Box 29-4).

A m n io c e n te s is  fo r  W o m e n  
W ith  P re te rm  L a b o r
The goal of care for women with preterm labor is to reduce 
perinatal morbidity and mortality, most of which is caused by 
immaturity of the respiratory, gastrointestinal, coagulation, and 
central nervous systems of the preterm infant. Fetal pulmonary 
immaturity is the most frequent cause of serious newborn illness,
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630 Section V Complicated Pregnancy

and the fetal pulmonary system is the only organ system whose 
function is directly testable before delivery. If the quality of 
obstetric dating is good and intrauterine fetal well-being is not 
compromised, the likelihood of neonatal RDS may be estimated 
from the gestational age.

Amniotic fluid studies may be useful in women with possible 
preterm labor in the following circumstances:
1. Fetal pulmonary maturity testing. Gestational age at birth is 

the best predictor of the frequency and severity of the con
sequences of prematurity to the newborn. Labor inhibition 
and antenatal glucocorticoid therapy are used when birth is 
anticipated to occur between 24 and 34 weeks’ gestation. 
W hen dates are uncertain— such as with late prenatal care or 
fetal size larger than expected for dates, suggestive of a more 
advanced gestation— it may be reasonable in some circum
stances to use amniotic fluid lung maturity studies to help 
guide management decisions.

2. Testing f o r  infection. Among women with preterm labor and 
intact membranes, early gestational age, a short cervix, and 
progressive labor despite a tocolytic are all risk factors for 
occult amniotic fluid infection. In this setting, amniotic fluid 
studies for infection may guide the counseling of women and 
can influence management decisions in regard to antibiotics, 
inhibition of labor, and delivery. Amniotic fluid glucose 
(levels <20 mg/dL suggest intraamniotic infection) and 
Gram stain for bacteria, cell count, and culture may be used.

3. Determining fe ta l karyotype. The presence of polyhydramnios 
or a fetal anomaly suggests that preterm labor may have 
occurred because of uterine distension or placental insuffi
ciency associated with fetal aneuploidy. Fluorescence in situ 
hybridization (FISH) studies for the most common aneu
ploid conditions can be available within 48 hours and do not 
require culture; chromosomal microarrays likewise do not 
require cell culture (see Chapter 10). In the absence of other 
fetal features suggestive of aneuploidy, the presence of preterm 
labor alone is an insufficient indication for the determination 
of a fetal karyotype.

TREATMENT FOR WOMEN 
IN PRETERM LABOR
Successful treatment with tocolytic drugs to inhibit labor after 
contractions have begun and cervical change has been docu
mented is well established. However, treatment after membranes 
have ruptured does not prolong pregnancy sufficiently to allow 
further intrauterine growth and maturation, but therapy can 
often delay PTB long enough to permit four interventions 
that have been shown to reduce neonatal morbidity and 
mortality:
1. Antenatal transfer of the mother and fetus to the most appro

priate hospital
2. Antibiotics in labor to prevent neonatal infection with group 

B Streptococcus (GBS)
3. Antenatal administration of glucocorticoids to the mother to 

reduce neonatal morbidity and mortality due to RDS, IVH, 
and other causes

4. Administration of maternal magnesium sulfate at the time of 
PTB before 32 weeks to reduce the incidence of cerebral palsy

Maternal Transfer
Many states have adopted systems o f regionalized perinatal 
care in recognition o f the advantages o f concentrating care

for preterm infants, especially those born before 32 weeks.
Hospitals and birth centers that care for normal mothers and 
infants are designated as level I. Larger hospitals that care 
for the majority of maternal and infant complications are des
ignated as level II centers; these hospitals have NICUs staffed 
and equipped to care for most infants with birthweights greater 
than 1500 g. Level III centers typically provide care for the 
sickest and smallest infants and for maternal complications that 
require intensive care. This three-tiered approach has been asso
ciated with improved outcomes for preterm infants.

Antibiotics
Women with preterm labor should be treated with antibiotics 
to prevent neonatal GBS infection (see Chapters 53 and 54). 
Because preterm infants have a greater risk of neonatal GBS 
infection than those born at term, intrapartum prophylaxis with 
penicillin is recommended.42 This policy has successfully reduced 
the incidence of neonatal GBS infection to such a degree that 
most such infections now occur in full-term infants. Evidence 
also shows that infants bom to women with PPROM have 
reduced perinatal morbidity when antepartum antibiotic pro
phylaxis has been administered for 3 to 7 days.

Antibiotic therapy in women with preterm labor and intact 
membranes is not effective in prolonging pregnancy or pre
venting preterm delivery. The failure of antibiotics to prolong 
pregnancy may be attributed to treatment of women whose 
preterm labor did not result from infection and to the timing 
of treatment relative to the infectious process. Rather than an 
acute infection due to the recent ascent of vaginal organisms into 
the uterus, the pathologic sequence in which infection-driven 
preterm labor occurs is often much more indolent. Antimicro
bial therapy for women in preterm labor should be limited 
to GBS prophylaxis, women with PPROM, or treatment of 
a specific pathogen (e.g., urinary tract infection).

Antenatal Corticosteroids
Glucocorticoids act generally in the developing fetus to 
promote maturation over growth. In the lung, corticoste
roids promote surfactant synthesis, increase lung compli
ance, reduce vascular permeability, and generate an enhanced 
response to postnatal surfactant treatment. Glucocorticoids 
have similar maturational effects on other organs including the 
brain, kidneys, and gut.

Studies by Liggins of mechanisms of parturition in sheep led 
to the discovery of the beneficial effect of antenatal glucocorti
coids on the maturation and performance of the lung in prema
turely born infants. Subsequent studies have shown conclusively 
that antepartum administration of the glucocorticoids beta
methasone or dexamethasone to the mother reduces the risk of 
death, RDS, IVH, NEC, and PDA in the preterm neonate. 
Guidelines for appropriate clinical use of antenatal glucocorti
coids have evolved from initial skepticism and selective use, 
through a period of broad and repeated treatment following the 
first NICHD panel report in 1994, to the practice of a single 
course of treatment for all women between 24 and 34 weeks’ 
gestation who are at risk for preterm delivery w ithin 7 days 
as recommended by the NICHD Consensus Panel in 2000. 
More recently, clinical trials support the notion that administra
tion of a single rescue course of corticosteroids before 33 weeks’ 
gestation improves neonatal outcome (e.g., it decreases RDS, 
ventilator support, and surfactant use) without apparent 
increased short-term risk.43 A single rescue course o f antenatal
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Chapter 29 Preterm Labor and Birth 631

corticosteroids may be considered i f  the antecedent treat
ment was given more than 2 weeks prior, the gestational 
age is less than 326/ weeks, and the woman is judged by the 
clinician to be likely to give birth within the coming week. 
However, regularly scheduled repeat courses or multiple 
courses (i.e., more than two) are not recommended." Beta
methasone and dexamethasone, the only drugs found beneficial 
for this purpose, are potent glucocorticoids with limited if  any 
mineralocorticoid effect. A course o f treatment consists o f two 
doses o f 12 mg o f betamethasone; the combination o f 6 mg 
each o f betamethasone acetate and betamethasone phos
phate, administered intramuscularly twice, 24 hours apart; 
or four doses o f 6 mg o f dexamethasone given intramuscu
larly every 12 hours. Other corticosteroids (prednisolone, pred
nisone) and routes of administration (oral) are not suitable 
alternatives because of reduced placental transfer, lack of dem
onstrated benefit, and, in the case of oral dexamethasone, 
increased risk of adverse effects when compared with the intra
muscular (IM) route.

Fetal Effects
Randomized placebo-controlled trials and meta-analyses confirm 
the beneficial effects of antenatal corticosteroids. Infants born 
to treated women were significantly less likely to experience 
RDS (OR, 0.53), IVH (OR, 0.38), or neonatal death (OR,
0.60). The beneficial effects on IVH are independent of 
the effects on respiratory function. Other morbidities o f PTB 
are also reduced by antenatal glucocorticoids, including 
NEC, PDA, and BPD. Although both are considered effec
tive, betamethasone may be superior to dexamethasone 
with respect to reduction o f morbidity and mortality in the 
preterm newborn.

Other Fetal Effects of Glucocorticoids
Transient reduction in fetal breathing and body movements 
sufficient to affect the interpretation o f the biophysical 
profile (BPP) have been described with both drugs but are 
more common after administration o f betamethasone, typi
cally lasting 48 to 72 hours after the second dose. Transient 
suppression of neonatal cortisol levels has been reported, but 
neonatal response to ACTH stimulation was unimpaired.

Maternal Effects
Antenatal glucocorticoids produce a transient rise in mater
nal platelet and white blood cell (WBC) counts that lasts 
72 hours; a WBC count in excess o f 20,000 is rarely due 
to steroids. Maternal glucose tolerance is also challenged, and 
treatment often requires insulin therapy to maintain euglycemia 
in those with previously well-controlled gestational or pregesta- 
tional diabetes. Maternal blood pressure is unaffected by 
antenatal steroid treatment; neither betamethasone nor dexa
methasone has a significant mineralocorticoid effect. Women 
treated with multiple courses of steroids during pregnancy had 
a blunted response to ACTH stimulation later in pregnancy and 
in the puerperium.

Duration of Benefit
The duration of the beneficial fetal effects after a single course 
of glucocorticoids is unclear. The issue is difficult to study 
because the interval between treatment and delivery in clinical 
trials is variable and because some effects may be transient, 
whereas others are permanent. Neonatal benefit has been most

easily observed when the interval between the first dose and 
delivery exceeds 48 hours, but some benefit is evident after 
an incomplete course. One large multicenter trial found evi
dence of benefit for as long as 18 days after the initial course of 
treatment.

Risks of Antenatal Corticosteroid Treatment
The recommendation of the 1994 NICHD Consensus Confer
ence to increase the use of antenatal steroids, coupled with 
uncertainty about the duration of neonatal protection from a 
single course of treatment and difficulty in predicting imminent 
preterm delivery, resulted in increased treatment of mothers at 
risk. Although more women received treatment, many did not 
deliver within 7 days but remained at risk and were treated 
weekly until delivery or 34 weeks’ gestation. The safety and 
benefit o f one course o f steroids has never been questioned. 
Long-term follow-up studies o f infants in the original cohorts 
o f infants treated with a single course o f antenatal steroids 
have displayed no differences in physical characteristics 
or mental function when compared with gestational age- 
matched controls. The increasing use of repeated courses 
prompted animal and human studies that have raised concerns 
about the effects of prolonged exposure to steroids on fetal 
growth and neurologic function. The animal studies may be 
summarized as showing reduced fetal growth and adverse brain 
and neurologic development in several species.

Human studies also observed reduced growth in fetuses 
exposed to multiple courses of antenatal steroids. An Australian 
study found a twofold increase in birthweights below the 10th 
percentile and significantly reduced head circumference in 
infants exposed to more than three antenatal courses of steroids. 
Others have also found reduced head circumference. Follow-up 
work from this Australian study noted that babies exposed to 
weekly doses of repeat antenatal corticosteroids demonstrate 
postnatal growth acceleration 3 to 5 weeks after birth.4’

Sequelae of Antenatal Treatments 
to Reduce Fetal/Neonatal Morbidity 
Respiratory Distress
The occurrence of RDS among infants born to women treated 
with steroid therapy has led to the investigation of alternative 
treatment approaches to further enhance pulmonary matura
tion. Neonatal treatment with surfactant is an effective 
adjunctive therapy that adds independently and synergisti- 
cally to the benefit o f corticosteroids in reducing RDS- 
related morbidity. More than 4600 women have been enrolled 
in 13 trials of maternal treatment with antenatal thyrotropin- 
releasing hormone (TRH) to reduce neonatal lung disease. No 
benefits to antenatal TRH have been found, compared with 
corticosteroids alone, for any neonatal outcome. Prenatal treat
ment with TRH actually increased the risk of adverse outcomes 
for infants in some trials.

Neurologic Morbidity
Antenatal maternal treatment with phenobarbital, vitamin K, 
and magnesium sulfate has been studied to reduce or prevent 
neonatal neurologic morbidity. Phenobarbital was not effective 
in reducing IVH when given alone or in combination with 
vitamin K.

Antenatal maternal treatment with magnesium has been 
inconsistently associated with reduced rates of IVH, cere
bral palsy, and perinatal mortality in premature infants. A
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632 Section V Complicated Pregnancy

randomized placebo-controlled trial o f antenatal magnesium 
conducted in 1062 women who delivered before 30 weeks’ 
gestation found significantly lower rates o f gross motor dys
function and nonsignificant trends o f reduced mortality and 
cerebral palsy in surviving infants in the treated group at 
2 years o f age. No significant adverse effects were noted in 
infants exposed to antenatal magnesium sulfate. In the 1990s, 
observational studies suggested an association between prenatal 
exposure to magnesium sulfate and less frequent subsequent neu
rologic morbidities. Subsequently, several large clinical studies 
have evaluated the evidence regarding magnesium sulfate, neu
roprotection, and PTBs.46'49 If tocolysis is indicated, the most 
effective agent with the most favorable side-effect profile should 
be given. None of the trials demonstrated significant pregnancy 
prolongation when magnesium sulfate was given for neuropro
tection. However, the available evidence suggests that magne
sium sulfate given before anticipated early PTB reduces the 
risk o f cerebral palsy in surviving infants. "

The impact of gestational age on the neuroprotective effect of 
antenatally administered magnesium was assessed in a meta
analysis that included the five trials in the Cochrane review.51 
These trials were stratified by the gestational age at randomiza
tion: less than 32 to 34 weeks’ gestation (5235 fetuses) or less 
than 30 weeks’ gestation (3107 fetuses). Major findings were 
similar for both gestational age ranges51:

• No significant difference was found in the primary outcome 
of death or cerebral palsy at 18 to 24 months of corrected 
age or for the outcome of perinatal/infant death.

• The largest reduction in risk was for moderate to severe 
cerebral palsy.

• At less than 32 to 34 weeks’ gestation, relative risk was 0.60 
(95% CI, 0.43 to 0.84).

• At less than 30 weeks’ gestation, relative risk was 0.54 (95% 
CI, 0.36 to 0.80).

• Statistically significant reductions were found in the risk of 
cerebral palsy (RR, 0.7 and 0.69 at less than 32 to 34 
weeks’ gestation and at less than 30 weeks’ gestation, 
respectively) and for death or moderate to severe cerebral 
palsy (RR, 0.85 and 0.84 at less than 32 to 34 weeks’ gesta
tion and at less than 30 weeks’ gestation, respectively).

• The numbers needed to treat to prevent one case of cerebral 
palsy in the less than 32 to 34 weeks’ gestation group and 
in the less than 30 weeks’ gestation group were 56 and 46, 
respectively.

A 4-g bolus o f magnesium sulfate with a 1-g/hr mainte
nance dose is a regimen anticipated to have a more favorable 
side effect and safety profile than a higher-dose regimen.
Neither the neuroprotective mechanism nor the dose response 
to magnesium sulfate is well understood. Although it seems 
likely that the neuroprotective effects of magnesium sulfate are 
secondary to residual concentrations of the drug in the neonate’s 
circulation, data are insufficient regarding the maternal dose that 
confers neonatal benefit.

Administration o f magnesium sulfate is appropriate for 
women with PPROM or preterm labor who have a high 
likelihood o f imminent delivery (e.g., within 24 hours) or 
before an indicated preterm delivery. If emergency delivery 
is necessary given maternal or fetal status, it should not be 
delayed to administer magnesium sulfate. Therapy should be 
reserved for women who are at high risk of imminent delivery 
rather than for those who simply are diagnosed with preterm 
labor or PPROM. We do not recommend continuing the

magnesium infusion for longer than 24 hours if  delivery has not 
occurred.

TREATMENT PROTOCOL
We suggest lim iting magnesium sulfate for neuroprotection to 
women who are at 24 to 32 weeks’ gestation, given that the two 
largest trials of neuroprotective effects did not enroll women 
beyond this gestational age range. *,|52

Magnesium sulfate must be given parenterally to achieve 
serum levels greater than the normal range. Therapeutic dosage 
regimens are similar to those used for intravenous (IV) seizure 
prophylaxis of preeclampsia. A loading dose of 4 g is given over 
30 minutes, followed by an infusion of 1 g/hr.

If renal function is normal, magnesium is excreted rapidly in 
the urine. In patients with evidence of renal impairment— for 
example, oliguria or serum creatinine levels greater than 0.9 mg/ 
dL— magnesium should be administered cautiously and should 
be followed with frequent vital signs, deep tendon reflexes, and 
magnesium serum levels, and doses should be adjusted accord
ingly. Magnesium sulfate should not be used in patients with 
myasthenia gravis because the magnesium ion competes with 
calcium. Below is a clinical protocol for magnesium sulfate 
for fetal neuroprotection.
1. Administer loading dose of 4 g magnesium sulfate in 10% 

to 20% solution over 30 minutes (60 mL of 10% magnesium 
sulfate in 1 L D5 0.9 normal saline).

2. Maintenance dose of 1 g/hr (40 g of magnesium sulfate 
added to 1 L D5 0.9 normal saline or Ringer’s lactate at 
50 mL/hr).

3. Limit IV fluid to 125 mL/hr. Follow fluid status closely; an 
indwelling urinary catheter is recommended.

4. Patients treated with magnesium sulfate should be assessed 
with the following examinations:
a. Deep tendon reflexes and vital signs, including respiratory 

rate, should be recorded hourly.
b. Intake and output should be measured every 2 to 4 hours.
c. Magnesium levels should be monitored if  any clinical 

concern about side effects exists.
5. Calcium gluconate should be readily available to reverse the 

respiratory depression that can be caused by magnesium.

Tocolysis in Preterm Labor
Because the contracting uterus is the most often recognized 
antecedent of PTB, stopping contractions has been the focus 
of therapeutic approaches. This strategy is based on the naive 
assumption that clinically apparent contractions are commensu
rate with the initiation of the process of parturition; by logical 
extension, successfully inhibiting contractions should prevent 
delivery. The inhibition of myometrial contractions is called 
tocolysis, and an agent administered to that end is referred to as 
a tocolytic. Although no medications have been approved for 
the indication o f tocolysis by the U.S. Food and Drug 
Administration (FDA), a number o f classes o f drugs are used 
for this purpose.

Efficacy
The efficacy of tocolytic drugs has been addressed through 
studies that compare one tocolytic drug with another, or less 
commonly, that compare a drug with a placebo in their ability 
to prolong pregnancy for 48 hours (the time sufficient to attain 
the benefit of antenatal corticosteroids), or 1 week (the time 
considered sufficient to gain significant additional in utero fetal
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Chapter 29 Preterm Labor and Birth 633

maturation). No studies have shown that any tocolytic can 
reduce the rate o f PTB. Most studies have been too small to 
allow firm conclusions, so reviews or meta-analyses wherein 
several studies of similar design are combined are the best avail
able means to judge efficacy. The Cochrane Collaboration 
(www.cochrane.org) regularly produces meta-analyses of obstet
ric interventions that include tocolytic drugs. Recent Cochrane 
meta-analyses o f tocolytic agents indicate that calcium 
channel blockers and oxytocin antagonists can delay delivery 
by 2 to 7  days with the most favorable ratio o f benefit to 
risk, that P-mimetic drugs delay delivery by 48 hours but 
carry greater side effects, that evidence is insufficient regard
ing cyclooxygenase (COX) inhibitors, and that magnesium 
sulfate is ineffective.

Meta-analyses o f studies o f individual tocolytic drugs 
typically report limited prolongation o f pregnancy but no 
decrease in PTB, and they rarely offer information about 
whether prolongation o f pregnancy was accompanied by 
improved infant outcomes. Delayed delivery for 48 hours to 
allow antenatal transport and corticosteroids to reduce neo
natal morbidity and mortality are thus the main rationale for 
use o f these drugs.

Choosing a Tocolytic Agent 
PHARMACOLOGY
Figure 29-10 depicts a myometrial cell and the sites of action of 
commonly used tocolytic agents. The key process in actin- 
myosin interaction, and thus contraction, is myosin light-chain 
phosphorylation. This reaction is controlled by myosin light- 
chain kinase (MLCK). The activity o f tocolytic agents can be 
explained by their effect on the factors that regulate the activ
ity o f this enzyme, notably calcium and cyclic adenosine 
monophosphate (cAMP). For the myometrium to contract in 
a coordinated and effective manner (i.e., labor, whether term or 
preterm), individual smooth muscle cells must be functionally 
interconnected and able to communicate with adjacent cells. No 
agents used for tocolysis influence the function or expression of 
gap junctions.

CONTRAINDICATIONS TO TOCOLYSIS
Common maternal contraindications to tocolysis include 
preeclampsia or gestational hypertension with severe fea
tures, hemorrhage, and significant maternal cardiac disease.
Although vaginal spotting may occur in women with preterm 
labor because of cervical effacement or dilation, any bleeding 
beyond light spotting is rarely due to labor alone. Placenta previa 
and placental abruption must be considered because both may 
be accompanied by uterine contractions. In general, both diag
noses place a woman at greater risk of hemodynamic compro
mise in the setting of tocolytic treatment. However, in rare 
instances, use of tocolysis in women with these dangerous diag
noses may be considered to achieve time for corticosteroids in 
the setting of extreme prematurity, when the bleeding is believed 
to occur in response to contractions. Such treatment is fraught 
with difficulty because even low doses of some tocolytic agents 
can be hazardous in a patient with bleeding. ^-Mimetic agents 
and calcium channel blockers may hamper maternal cardiovas
cular response to hypotension, and cyclooxygenase inhibitors 
may impair platelet function. Cardiac disease is a contraindica
tion because of the risks of tocolytic drug treatment in these 
patients. Fetal contraindications to tocolysis include gesta
tional age o f greater than 37  weeks, fetal demise or lethal 
anomaly, chorioamnionitis, and evidence o f acute or chronic 
fetal compromise.

Tocolytic drugs may be safely used when standard proto
cols are followed. The choice o f tocolytic requires consider
ation o f the efficacy, risks, and side effects for each patient. 
Table 29-3 describes the side-effect profiles of commonly used 
tocolytic agents.

CALCIUM CHANNEL BLOCKERS
Calcium channel blockers are commonly used for treatment of 
hypertension, angina, and arrhythmias and are increasingly 
being used as tocolytic drugs. Nifedipine is the calcium channel 
blocker most studied as a tocolytic agent; it more selectively 
inhibits uterine contractions compared with other calcium 
blockers such as verapamil. Calcium channel blockers directly
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FIG 29-10 Site of action of commonly used tocolytics. ATP, adenosine triphosphate; cAMP, cyclic adenosine monophosphate; cGMP, cyclic 
guanosine monophosphate; COX, cyclooxygenase; IP, inositol triphosphate; PIP, phosphotidylinositol triphosphate.
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Section V Complicated Pregnancy

TABLE 29-3 SIDE-EFFECT PROFILES OF TOCOLYTIC AGENTS
SIDE EFFECTS

AGENT OR CLASS MATERNAL FETAL OR NEONATAL CONTRAINDICATIONS

p-Adrenergic-receptor Tachycardia and hypotension, tremor (39% vs. Tachycardia Tachycardia-sensitive maternal cardiac
agonists 4% with placebo), shortness of breath (15% vs. 

1% with placebo), chest discomfort (10% vs. 
1% with placebo), pulmonary edema (0.3%), 
hypokalemia (39% vs. 6% with placebo), 
hyperglycemia (30% vs. 10% with placebo)

disease, poorly controlled diabetes 
mellitus

Magnesium sulfate Flushing, diaphoresis, nausea, loss of deep-tendon 
reflexes (serum levels of 9.6 to 12 mg/dL), 
respiratory paralysis (at serum levels of 12 to 
18 mg/dL), cardiac arrest (at serum levels of 24 
to 30 mg/dL); when used with calcium channel 
blockers, suppression of heart rate, contractility, 
and left ventricular systolic pressure and 
neuromuscular blockade

Data conflict with regard to 
effect on perinatal mortality

Myasthenia gravis

Calcium channel Dizziness, flushing, hypotension when used with Hypotension, preload-dependent cardiac
blockers magnesium sulfate; suppression of heart rate, 

contractility, and left ventricular systolic 
pressure and neuromuscular blockade; elevation 
of hepatic aminotransferase levels

lesions (e.g., aortic insufficiency)

COX inhibitors Nausea, esophageal reflux, gastritis, and emesis; In utero closure of ductus Platelet dysfunction or bleeding disorder,
platelet dysfunction (rarely of clinical arteriosus (risk associated hepatic or renal dysfunction,
significance in patients without an underlying with use for >48 hr), PDA gastrointestinal or ulcerative disease,
bleeding disorder) in neonate (conflicting data) asthma (in women with 

hypersensitivity to aspirin)
Oxytocin-receptor

antagonists
Hypersensitivity injection-site reactions For atosiban, an increased rate 

of fetal or infant death (may 
be attributable to the lower 
gestational age of infants in 
the atosiban group)

None

Nitric oxide donors Dizziness, flushing, hypotension Hypotension, preload-dependent cardiac 
lesions (e.g., aortic insufficiency)

COX, cyclooxygenase; PDA, patent ductus arteriosus.

block the influx of calcium ions through the cell membrane and 
also inhibit release of intracellular calcium from the sarcoplas
mic reticulum, thus increasing calcium efflux from the cell. The 
ensuing decrease in intracellular free calcium leads to inhibition 
of calcium-dependent MLCK-mediated phosphorylation and 
results in myometrial relaxation. Calcium channel blockers are 
rapidly absorbed after oral administration. No placebo-controlled 
trials of calcium channel blockers as tocolytics have been done. 
The Cochrane Collaboration meta-analyses support calcium 
channel blockers as short-term tocolytics, compared with 
other available agents, because o f relatively greater suppres
sion o f contractions and fewer side effects than other agents 
in 12 reported trials. Rates of birth within 7 days of treatment 
(relative risk [RR], 0.76; 95% C l, 0.60 to 0.97) and before 34 
weeks’ gestation (RR, 0.83; 95% C l, 0.69 to 0.99) were signifi
cantly reduced with calcium channel blockers, as were the rates 
of neonatal morbidities that included RDS (RR, 0.63; 95% C l,
0.46 to 0.88), NEC (RR, 0.21; 95% C l, 0.05 to 0.96), IVH 
(RR, 0.59; 95% C l, 0.36 to 0.98), and jaundice (RR, 0.73; 95% 
C l, 0.57 to 0.93) when compared with treatment with other 
tocolytics. Fewer women treated with calcium channel blockers 
ceased treatment owing to adverse drug reactions (RR, 0.14; 
95% C l, 0.05 to 0.36). A recent RCT from Vis and colleagues53 
demonstrated that among women with symptoms of preterm 
labor and a CL between 10 and 30 mm with a negative FFN, 
nifedipine and placebo performed comparably with respect to 
delivery within 7 days. In the nifedipine group, three women 
(8.1%) delivered within 7 days, compared with one woman 
(2.8%) in the placebo group (difference —5.3%; one-sided 95% 
confidence limit, 4.5% ). Median gestational ages at delivery

were for nifedipine 37 + 0 weeks’ gestation (interquartile range 
[IQR], 34 + 6 to 38 + 5) and for the placebo 38 + 2 weeks’ 
gestation (IQR, 37 + 0 to 39 + 6) weeks (P = .008).

MATERNAL EFFECTS
Nifedipine has fewer side effects when compared with (3-mimetics 
and magnesium sulfate. Whereas hypotension occurs frequently 
with nifedipine, other side effects are more frequent with mag
nesium and (3-mimetics. Nicardipine displayed similar advan
tages when compared in a randomized trial with magnesium. 
Pretreatment with IV fluids may reduce the frequency of mater
nal side effects related to hypotension such as headache (20%), 
flushing (8%), dizziness, and nausea (6%). Most effects are mild, 
but serious complications have been reported that include a 
documented myocardial infarction 45 minutes after the second 
dose of nifedipine given to a young, healthy woman. Concom
itant or sequential use o f calcium channel blockers with 
(3-mimetics is not recommended, nor is concurrent adminis
tration o f magnesium, owing to reports o f skeletal muscle 
blockade when nifedipine was given with magnesium sulfate.

FETAL EFFECTS
Initial animal studies raised questions of fetal hypotension, but 
a study of women treated for preterm labor revealed no changes 
in the fetal middle cerebral artery, renal artery, ductus arteriosus, 
umbilical artery, or maternal vessels.

TREATMENT PROTOCOL
An optimal nifedipine dosing regimen has not been defined. A 
common approach is to administer an initial loading dose of
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20 mg orally, followed by an additional 20 mg orally in 90 
minutes. An alternative regimen is to administer 10 mg orally 
every 20 minutes for up to four doses. If contractions persist, 
20 mg can be given orally every 3 to 8 hours for up to 72 hours, 
with a maximum dose of 180 mg/day. The half-life of nifedipine 
is approximately 2 to 3 hours, and the duration of action of a 
single orally administered dose is up to 6 hours. Plasma concen
trations peak in 30 to 60 minutes. Nifedipine is almost com
pletely metabolized in the liver and excreted by the kidney.

SUMMARY OF TREATMENT WITH CALCIUM 
CHANNEL BLOCKERS
Nifedipine has been used increasingly as a tocolytic because of 
its low incidence of significant maternal and fetal side effects and 
ease of administration. Nifedipine should not be combined with 
magnesium or (3-mimetics, and it should be avoided in the pres
ence of intrauterine infection, maternal hypertension, and 
cardiac disease. Use should follow published dosage schedules, 
and the cautions noted should be kept in mind.

MAGNESIUM SULFATE
The basis for the clinical use of magnesium sulfate as a labor- 
inhibiting agent is the observation from the 1960s of a reduction 
of human uterine myometrial contractility in vivo and in vitro. 
At a pharmacologic concentration (5 mmol/L), magnesium 
sulfate inhibits contractile response and decreases intracellular 
calcium concentration in pregnant human myometrial strips. 
Despite in vitro observations, the largest placebo-controlled ran
domized trial of magnesium as a tocolytic failed to demonstrate 
any benefit over a placebo in prolongation of pregnancy. A  
meta-analysis that compared magnesium to controls observed 
no difference in the risk o f birth within 48 hours o f treatment 
for women given magnesium (RR, 0.85; 95% CI, 0.58 to 1.25;
11 trials, 881 women). Magnesium appeared to confer no 
benefit on the risk o f preterm birth (<37 weeks’ gestation) or 
very preterm birth (<34 weeks’ gestation). The risk of death 
(fetal and pediatric) was higher for infants exposed to magne
sium (RR, 2.82; 95% CI, 1.20 to 6.62; 7 trials, 727 infants). 
The body of available literature fails to support efficacy of mag
nesium sulfate as a tocolytic agent. Thus in women at 24 to 32 
weeks’ gestation who are candidates for tocolysis, we recommend 
that another therapy be used for labor inhibition in women also 
receiving magnesium sulfate for fetal neuroprotection. Because 
of the increased risk of maternal complications with the con
comitant use of nifedipine and magnesium sulfate, an agent 
such as indomethacin may be a reasonable choice for tocoly
sis in the woman receiving magnesium sulfate for neuropro
tection o f the fetus.

MATERNAL EFFECTS
Magnesium has a low rate of serious maternal side effects, but 
flushing, nausea, vomiting, headache, generalized muscle weak
ness, diplopia, and shortness of breath occur frequently. Chest 
pain and pulmonary edema have been reported with a frequency 
similar to that of P-mimetics.

NEONATAL EFFECTS
Magnesium crosses the placenta and achieves serum levels com
parable to maternal levels, but serious short-term neonatal com
plications are uncommon. Lethargy, hypotonia, and respiratory 
depression may occur. Prolonged treatment for more than 7 
days has been associated with neonatal bone abnormalities. One

small trial suggested that magnesium sulfate may have adverse 
effects on neonatal and infant morbidity and mortality, but these 
observations were not confirmed by larger studies that enrolled 
more than 10 times as many subjects.

SUMMARY OF TREATMENT WITH MAGNESIUM SULFATE 
Magnesium sulfate has historic familiarity, but tocolytic efficacy 
is not supported by data. However, magnesium may have a 
beneficial effect on the preterm newborn with respect to reduc
ing the risk of cerebral palsy.

CYCL00XYGENASE INHIBITORS
Prostaglandins are mediators of the final pathways of uterine 
muscle contraction. Prostaglandins cause an increase in free 
intracellular calcium levels in myometrial cells and an increased 
activation of MLCK, resulting in uterine contractions. Myome
trial gap-junction formation, an important step in synchronized 
uterine activity, is enhanced by prostaglandins; given to pregnant 
women, prostaglandins can ripen the cervix or induce labor, 
depending on the dosage and route of administration. Prosta
glandin synthase, also known as cyclooxygena.se (COX), converts 
arachidonic acid to prostaglandin G2. Prostaglandin synthesis 
is increased when the COX-2 form o f this enzyme is induced 
by cytokines, bacterial products such as phospholipases and 
endotoxins, and corticosteroids; it is reduced by the inhibi
tion o f COX with nonsteroidal antiinflammatory drugs 
(NSAIDs). These agents vary in their activity, potency, and side- 
effect profile. Indomethacin is the NSAID most often used as a 
tocolytic, although it crosses the placenta. Unlike aspirin, indo
methacin binds reversibly to COX, so that inhibition lasts 
only until the drug is cleared metabolically. Umbilical artery 
serum concentrations equal maternal levels within 6 hours of 
oral administration. The half-life in the mother is 4 to 5 hours, 
and in a full-term infant it is 15 hours, but it is significantly 
longer in preterm infants. The Cochrane review concluded that 
indomethacin administration was associated with a significant 
reduction in births before the 37th week of gestation, increased 
gestational age at birth, and increased birthweight.

MATERNAL EFFECTS
Prostaglandin inhibition has multiple side effects because of 
the abundance of prostaglandin-mediated physiologic functions. 
Nevertheless, serious maternal side effects are uncommon 
when the agent is used in a brief course o f tocolysis. As with 
any NSAID, gastrointestinal side effects such as nausea, heart
burn, and vomiting are common but usually mild. Less common 
but more serious complications include gastrointestinal bleed
ing, prolonged bleeding time, thrombocytopenia, and asthma 
in aspirin-sensitive patients. Prolonged treatment with NSAIDs 
can lead to renal injury, especially when other nephrotoxic 
drugs are used. Hypertensive women may rarely experience 
acute increased blood pressure after indomethacin treatment. 
The antipyretic effect of an NSAID may obscure a clinically 
significant fever. Maternal contraindications to indomethacin 
tocolysis include renal or hepatic disease, active peptic ulcer 
disease, poorly controlled hypertension, asthma, and platelet 
disorders.

FETAL AND NEONATAL EFFECTS
In actual practice, serious complications to the fetus/newborn 
with maternal administration of indomethacin have been rare, 
but risk of injury to the fetus is possible if  treatment protocols
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are not followed carefully. Three principal side effects raise 
concern: (1) in utero constriction o f the ductus arteriosus,
(2) oligohydramnios, and (3) neonatal pulmonary hyperten
sion. The ductal constriction occurs because formation of pros
tacyclin and PGE2, which maintain ductal vasodilation, is 
inhibited by indomethacin. Doppler evidence of ductal constric
tion was found in 7 of 14 fetuses of women treated with indo
methacin between 27 and 31 weeks’ gestation, but it resolved 
within 24 hours after the medication was discontinued. The 
likelihood of ductal constriction increased from 5% to 10% 
before 32 weeks to 50% after 48 hours of treatment at 32 to 35 
weeks. Ductal constriction is usually transient and responds to 
discontinuation of the drug, but persistent ductal constriction 
and irreversible right-sided heart failure have been reported. A 
review of fetal echocardiographs obtained from 61 women 
treated with indomethacin for preterm labor found evidence of 
ductal constriction in 50% of fetuses. A larger study of 124 
women given indomethacin for labor inhibition for more than 
48 hours revealed a 6.5% frequency of in utero ductal narrow
ing. In both o f these studies, the ductal narrowing reversed 
in all fetuses after cessation o f medication.

Oligohydramnios associated with indomethacin tocolysis is 
due to reduced fetal urine production, which is caused by the 
indomethacin-induced reduction o f normal prostaglandin 
inhibition o f antidiuretic hormones and the direct effect on 
fetal renal blood flow. Prolonged treatment with indomethacin 
incurs a 7% frequency of oligohydramnios. These effects are 
reversible, but neonatal renal insufficiency and death after 
several weeks of unmonitored antenatal maternal treatment has 
been reported.

Primary pulmonary hypertension in the neonate is a poten
tially fatal illness that has also been associated with prolonged 
(>48 hr) indomethacin therapy. Primary neonatal pulmonary 
hypertension has not been reported within 24 to 48 hours of 
therapy, but the incidence may be as high as 5% to 10% with 
long-term therapy, although a more modern series of longer- 
term use failed to identify an increased frequency of newborn 
pulmonary hypertension compared with untreated gestational 
age-matched controls.

Other complications— including NEC, small bowel perfora
tion, PDA, jaundice, and IVH— have been observed when indo
methacin administration was outside of standardized protocols 
that did not lim it the duration of treatment or that used the 
drug after 32 weeks’ gestation. No association with IVH was 
noted in studies in which standard protocols were used. A review 
of outcomes of 1621 fetuses treated in utero with indomethacin 
found no significant differences compared with 4387 infants not 
exposed.

Sulindac is an NSAID that has less placental transfer than 
indomethacin, but its tocolytic efficacy has not been studied in 
large numbers. Because of the effect on fetal urine production 
and amniotic fluid volume, indomethacin may be an appro
priate tocolytic when preterm labor is associated with poly
hydramnios. Indomethacin has been used to treat preterm labor 
in women with polyhydramnios and for polyhydramnios 
without labor. Uterine activity and pain associated with degen
erating uterine fibroids in pregnancy also respond well to 
indomethacin.

TREATMENT PROTOCOL FOR INDOMETHACIN TOCOLYSIS 
Indomethacin is well absorbed orally. The usual regimen is a 
50-mg oral loading dose followed by 25 to 50 mg by mouth

every 6 hours. Therapy is limited to 2 to 3 days because of 
concern about side effects described earlier.
1. Limit use to preterm labor before 32 weeks’ gestation in 

women with normal amniotic fluid volume and normal renal 
function.

2. Loading dose is 50 mg by mouth.
3. Give 25 mg orally every 6 hours for 48 hours.
4. If the drug is used beyond 48 to 72 hours, amniotic 

fluid volume should be monitored serially with ultrasound, 
and ductus arteriosus flow should be evaluated with Dop
pler echocardiography. If amniotic fluid is significantly 
reduced or the ductus is narrowed, the drug should be 
discontinued.

5. Discontinue therapy promptly if  delivery seems imminent.
6. Fetal contraindications to the use of indomethacin include 

renal anomalies, chorioamnionitis, oligohydramnios, ductal- 
dependent cardiac defects, and twin-twin transfusion 
syndrome.

SUMMARY OF TREATMENT WITH INDOMETHACIN 
Indomethacin is an effective tocolytic agent that is generally 
well tolerated by the mother. Concern about fetal side effects 
has appropriately limited use o f indomethacin to brief 
courses o f therapy in patients with preterm labor before
32 weeks.

p-M IM ETIC TOCOLYTICS
p-Sympathomimetic drugs include terbutaline, ritodrine, and 
others that have been widely used as tocolytics for many years. 
Structurally related to epinephrine and norepinephrine, these 
agents act to relax smooth muscle; for example, in the bronchial 
tree, blood vessels, and myometrium through stimulation of 
the p-receptors, which are divided into p i and P2 subtypes. 
The pi-receptors are largely responsible for the cardiac effects, 
whereas P2-receptors mediate smooth muscle relaxation, hepatic 
glycogen production, and islet cell release of insulin. Stimulation 
of P-receptors in the heart, vascular system, and liver accounts 
for the side effects of these drugs.

The most commonly used P-mimetic in the United States 
is terbutaline, marketed as a drug for asthma, but others that 
include albuterol, fenoterol, hexoprenaline, metaproterenol, nyl- 
idrin, orciprenaline, and salbutamol are used in other countries. 
Ritodrine was approved by the FDA as a parenteral tocolytic in 
1980, but it did not achieve wide use because of frequent mater
nal side effects. Ritodrine is no longer marketed in the United 
States. Terbutaline has a rapid (3 to 5 minutes) effect when given 
subcutaneously. Published protocols often use subcutaneous 
administration, with a usual dose of 0.25 mg (250 (J.g) every 4 
hours. A single subcutaneous dose of terbutaline to arrest con
tractions during the initial evaluation of preterm contractions 
may aid in the diagnosis of preterm labor. In one study, women 
whose contractions persisted or recurred after a single dose were 
more likely to have true preterm labor than those whose contrac
tions ceased. The Cochrane Database reported an analysis of 
1332 women enrolled into 11 randomized placebo-controlled 
trials o f P-mimetic drugs and found that treated subjects 
were less likely to deliver within 48 hours (RR, 0.63; 95% Cl, 
0.53 to 0.75) but not within 7 days. Although a 48-hour delay 
in delivery allows sufficient time for in utero transfer and treat
ment with steroids, perinatal and neonatal death and perinatal 
morbidity were not reduced in this analysis. Side effects that 
required change or cessation of treatment were frequent.
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SIDE EFFECTS AND COMPLICATIONS 
OFP-MIMETIC TOCOLYSIS
Maternal side effects o f the P-mimetic drugs are common and 
diverse owing to the abundance o f P-receptors in the body. 
Maternal tachycardia, chest discomfort, palpitation, tremor, 
headache, nasal congestion, nausea and vomiting, hyperka
lemia, and hyperglycemia are significantly more common in 
women treated with P-mimetics. Most are mild and of limited 
duration, but serious maternal cardiopulmonary and metabolic 
complications have been reported.

Cardiopulmonary Complications of fi-Mimetics. The P- 
mimetic agents produce a 5 to 10 mm Hg fall in diastolic blood 
pressure, and the extensive peripheral vasodilation makes it dif
ficult to mount a normal response to hypovolemia. Signs of 
excessive blood loss (e.g., maternal and fetal tachycardia) are 
masked by P-mimetics, so their use may be dangerous in 
women with antepartum hemorrhage. The most important 
steps to prevent cardiac complications are to (1) exclude 
patients with prior cardiac disease and (2) limit infusion 
rates so that maternal pulse does not exceed 130 beats/min. 
Symptomatic cardiac arrhythmias and myocardial ischemia have 
occurred during P-agonist tocolytic therapy. Tocolysis should 
be discontinued and oxygen administered whenever a patient 
develops chest pain during P-mimetic therapy. Arrhythmias 
noted in association with P-mimetic therapy usually respond to 
discontinuation of the drug and oxygen administration. Baseline 
or routine electrocardiograms (ECGs) before or during treat
ment are not helpful. An ECG is indicated i f  there is no 
response to oxygen and cessation o f P-mimetic therapy. Pul
monary edema has been reported with P-mimetic therapy. 
Restricting the duration o f treatment to less than 24 hours, 
careful attention to fluid status, and detection o f complicat
ing conditions such as intrauterine infection may reduce 
this risk.

Metabolic Complications. p-Mimetic agents induce tran
sient hyperglycemia and hypokalemia during treatment.
Measurement of glucose and potassium before initiating therapy 
and, on occasion, during the first 24 hours of treatment, is 
appropriate to identify significant hyperglycemia (>180 mg/dL) 
or hypokalemia (<2.5 mEq/L). These metabolic changes are 
mild and transient, but prolonged treatment beyond 24 hours 
may induce significant alterations in maternal blood glucose, 
insulin levels, and energy expenditure. The risk o f abnormal 
glucose metabolism is further increased by simultaneous 
treatment with corticosteroids, a common combination for 
threatened preterm labor. Other agents should be chosen for 
women with pregestational diabetes and usually for those with 
gestational diabetes as well. p-Mimetic treatment in these 
women requires frequent monitoring and insulin infusion to 
maintain euglycemia.

Neonatal Effects. Neonatal hypoglycemia, hypocalcemia, 
and ileus may follow treatment with p-mimetics and can be 
clinically significant i f  the maternal infusion is not discon
tinued 2 hours or more before delivery. Long-term data on 
neurodevelopmental outcomes in humans are lacking.

Protocols for continuous subcutaneous infusion of terbutaline 
have been reported to have fewer side effects than oral admin
istration but did not improve rates of PTB or perinatal morbid
ity in randomized placebo-controlled trials. This drug has been 
the subject of an FDA warning: “Terbutaline administered by 
injection or through an infusion pump should not be used 
in pregnant women for prevention or prolonged (beyond 48

to 72 hours) treatment of preterm labor due to the potential 
for serious maternal heart problems and death. In addition, 
oral terbutaline tablets should not be used for prevention or 
treatment o f preterm labor.” No placebo-controlled trials 
that demonstrate effectiveness have been reported since the FDA 
advisory was issued.

Given their potential for clinically significant side effects and 
the availability of alternatives, the p-sympathomimetic agents 
should not be used in women with known or suspected heart 
disease, severe preeclampsia or eclampsia, pregestational ges
tational diabetes requiring insulin, or hyperthyroidism. 
These drugs are contraindicated when suspected preterm 
labor is complicated by maternal fever, fetal tachycardia, leu
kocytosis, or other signs o f possible chorioamnionitis.

SUMMARY OF TREATMENT WITH fi-MIMETIC TOCOLYSIS 
P-Mimetic drugs were once among the most commonly used 
tocolytics but have been replaced by agents with better safety 
and side-effect profiles. Terbutaline has relatively few serious 
side effects when used as a single subcutaneous injection of
0.25 mg to facilitate maternal transfer or to initiate tocolysis 
while another agent with a slower onset of action is being 
given. Long-term oral or subcutaneous treatment has not been 
shown in controlled trials to reduce prematurity or neonatal 
morbidity.

ATOSIBAN AND OTHER TOCOLYTIC AGENTS
Atosiban is a selective oxytocin-vasopressin receptor antagonist. 
Although commonly used in Europe, it is not available in the 
United States. In normal parturition, oxytocin stimulates con
tractions by inducing conversion of phosphatidylinositol to ino
sitol triphosphate, which binds to a protein in the sarcoplasmic 
reticulum and causes release of calcium into the cytoplasm. A 
Cochrane review analyzed six randomized trials (»  = 1695) that 
compared the oxytocin receptor antagonist atosiban to a placebo. 
Use of atosiban increased the risk of birth within 48 hours of 
initiation of treatment (RR, 2.50; 95% CI, 0.51 to 12.35), 
increased the risk of PTB at less than 28 weeks’ gestation (RR, 
2.25; 95% CI, 0.80 to 6.35), and increased the risk of PTB at 
less than 37 weeks’ gestation (RR, 1.17; 95% CI, 0.99 to 1.37); 
however, none of these increases reached statistical significance. 
All neonatal morbidity and mortality outcomes evaluated were 
similar in both groups. There was, however, an imbalance in 
allocation of women with threatened preterm labor under 26 
weeks’ gestation such that significantly more women in this 
subgroup were allocated to the atosiban group. In addition, 
more women in the placebo group than in the atosiban group 
received rescue treatment, which may have confounded the esti
mate of the true effects of atosiban when compared with placebo. 
The use of rescue tocolytics complicated analysis of these trials 
because the criteria for switching therapies was not strictly 
defined. Finally, the trial protocol did not define how glucocor
ticoids should be used, which resulted in a great deal of variation 
in use among study sites. The FDA declined to approve the 
use o f atosiban for tocolysis because o f concerns about the 
drug’s safety when used in fetuses at less than 28 weeks’ 
gestation.^

Nitric oxide (NO) donors also promote myometrial relax
ation. Meta-analysis of trials to compare NO donors to other 
agents support the notion that NO donors do not delay delivery 
or improve neonatal outcome when compared with placebo, no 
treatment, or alternative tocolytics such as ritodrine, albuterol,
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and magnesium sulfate. There was, however, a reduction in the 
number of deliveries prior to 37 weeks’ gestation when com
pared with alternative tocolytics, but the number of deliveries 
before 32 and 34 weeks’ gestation were not influenced. Side 
effects other than headache were reduced in women who received 
NO donors rather than other tocolytics. However, women were 
significantly more likely to experience headache when NO 
donors had been used.

Clinical Use of Tocolytic Drugs
Tocolytic therapy is used in several clinical circumstances. In a 
patient who is in active labor with advanced cervical effacement, 
the diagnosis is not in question, and the goal is prompt treat
ment to allow maternal transfer and time for corticosteroids and 
GBS prophylaxis. In this setting, initial treatment with oral 
indomethacin or oral nifedipine may be the best choice to stop 
contractions promptly. Treatment for preterm labor may be con
tinued until contractions have stopped or occur less frequently 
than four times per hour without additional cervical change, or 
until a full course of corticosteroids therapy is completed after 
48 hours.

PERSISTENT CONTRACTIONS
If contractions persist despite therapy, the wisdom o f toco
lytic treatment should be reevaluated. The cervix should be 
reexamined, and if  dilation has progressed beyond 4 cm and 
imminent delivery is thought to be inevitable, tocolytic therapy 
in most cases should be discontinued. In the setting of progres
sive preterm labor despite labor inhibition, it is critical to 
acknowledge the higher probability of placental abruption and/ 
or subclinical chorioamnionitis. Clinical evaluation with focused 
history, physical examination, and laboratory assessment should 
be used to address the probability of these conditions.

Some women will have persistent uterine contractions and 
may exhibit a “nonthreatening” cervical examination that does 
not change over serial examinations. If a fibronectin swab was 
collected before therapy was begun, it should be sent for analysis. 
A positive result is not confirmatory, but a negative fibronectin, 
if  collected before performance of a digital examination, suggests 
that the risk of imminent delivery is low. Alternatively, a trans
vaginai cervical ultrasound examination may be performed. A 
CL of 30 mm or more substantially reduces the likelihood of 
imminent delivery.

Serum levels are not clinically helpful to adjust the dose of 
tocolytics. A change to a second agent, or combination therapy 
with multiple agents, may slow contractions but may also result 
in increased risks. Combined use of |3-mimetics or magnesium 
sulfate with calcium channel blockers should also be avoided 
(Box 29-5).

Care After Acute Treatment for Preterm Labor 
MAINTENANCE TOCOLYTIC TREATMENT
Continued suppression of contractions after acute tocolysis does 
not reduce the rate of PTB. Meta-analyses of these data also find 
no evidence of prolongation of pregnancy or decline in the 
frequency of PTB.

Posthospitalization surveillance with outpatient monitoring 
of uterine contractions did not improve the rate of delivery 
before 37 weeks’ gestation, gestational age at delivery, or birth
weight in any of three randomized trials or in a meta-analysis of 
these. A multicenter randomized trial in which uterine activity 
was monitored, but in which the data were masked from care

BOX 29-5 MANAGEMENT OF PERSISTENT 
CONTRACTIONS DESPITE 12 TO 24 HOURS OF TOCOLYSIS

1. Is subclin ical am n io tic  flu id  in fection present? Repeat 
clin ical exam ina tion , w h ite  b lood cell counts, and fetal 
assessment. C onsider am niocentesis fo r glucose, Gram 
stain, leukocyte esterase, and culture.

2. Is the fetus com prom ised? Review the fetal heart 
tracings and, if needed, do a biophysica l assessment.

3. Is there evidence o f abruption? Is there a suspicion of 
uterine anom aly w ith  im p lan ta tion  o f the placenta on 
the septum ? Evaluate v ita ls  signs fo r evidence o f 
hem odynam ic response to  b lood loss and repeat 
hem og lob in , hem atocrit, and fib rin og en  and abdom ina l 
sonography fo r placental im p lan ta tion  site.

4. Is the diagnosis o f pre term  labor correct? Is the cervix 
changing? Perform  a transvag ina i cervical u ltrasound to 
m easure cervical length. Send a fib ro ne c tin  swab.

5. If in fection , fe ta l com prom ise  and ab rup tion  can be 
excluded, stop parenteral toco lys is  fo r 24 hours and 
observe. C ontractions in m ost patients w ill stop 
spontaneously.

providers in one group, also found no improvement in the PTB 
rate when contraction data were used.

The duration o f hospitalization for an episode o f preterm 
labor varies according to several factors, including the exami
nation o f the cervix, ease o f tocolysis, gestational age, obstet
ric history, distance from the hospital, and the availability 
o f home and family support. Associated risk factors that 
may complicate or increase the risk of recurrent preterm labor— 
such as a positive genital culture for Chlamydia or gonorrhea, 
urinary tract infection, and anemia— should be addressed 
before discharge from hospital care. Social issues such as home
lessness, availability of child care, or protection from an abusive 
partner are important determinants of a patient’s ability to 
adhere to recommendations for medical care, and these issues 
must be considered before the patient is discharged from the 
hospital.

CONDUCT OF LABOR AND DELIVERY 
FOR THE PRETERM INFANT
Intrapartum care for women in labor before term is often 
complicated by conditions that increase the chance of 
intrapartum fetal compromise such as malpresentation, 
hypertension, amnionitis, abruption, oligohydramnios, or 
fetal growth restriction. W hen labor is induced preterm for 
maternal or fetal indications, the lower uterine segment and 
cervix may not be well prepared for labor, which leads to a 
prolonged latent phase.

Intrapartum Assessment of the Preterm Fetus
Intrapartum fetal surveillance has been associated with a signifi
cantly lower frequency of intrapartum death and neonatal 
seizures for preterm infants. Ominous heart rate tracings 
in preterm fetuses have the same associations with fetal 
acidosis as they do later in gestation. Mean fetal heart rate 
falls continuously, from 160 beats/min at 22 weeks’ gestation to 
140 beats/min at term, because of a gradual increase in para
sympathetic tone. Fetal heart rate patterns should be considered 
as representative of well-being in the preterm fetus as they are 
at term.
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Chapter 29 Preterm Labor and Birth 639

Labor and Delivery
The duration o f labor in preterm gestation may be shorter 
than that o f term pregnancy. The active phase o f the first 
stage and the second stage may be particularly brief. Care 
should be taken to ensure that the fetus does not have 
a precipitous delivery without control o f the fetal head. 
Prophylactic forceps to “protect” the fetal head are of no 
benefit. The neonatal care team should be alerted to the 
circumstances o f a PTB well in advance o f the delivery so 
that appropriate personnel and equipment can be made 
available.

Cesarean Delivery
Routine cesarean delivery (CD) for all preterm or VLBW  
infants is not justified. Trends that favor CD disappear after 
adjustment for confounding factors. A review of studies of neo
natal and maternal morbidities after vaginal versus CD for 
infants born between 24 and 36 weeks’ gestation found increased 
maternal morbidity without clear benefit for the infant. Neona
tal intracranial hemorrhage occurs as often before and after labor 
as it does during labor and delivery.

For infants in breech presentation, the reasons for CD are 
intuitive, particularly to avoid entrapment of the after-coming 
head and other manipulations that could lead to trauma or 
hypoxia (see Chapter 17). Older retrospective studies that 
suggested a benefit of CD led to the current custom of CD 
for preterm breech fetuses, but data in support of this practice 
are weak. It is illogical to perform a CD to avoid a traumatic 
vaginal delivery only to encounter a difficult CD because of 
an inadequate abdominal or uterine incision. The operation 
should be conducted to minimize the trauma of delivery 
through as roomy an incision as is necessary. In a study of 
delivery mode for high-risk (e.g., with preeclampsia, vaginal 
bleeding, abnormal heart rate tracing) versus low-risk (e.g., 
with preterm labor, incompetent cervix) pregnancies with 
VLBW infants, CD was found to be of no value in the low-risk 
group but was associated with significantly improved survival 
rates in the high-risk group. Considering these factors, optimal 
delivery of the VLBW  fetus may at times appropriately lead 
to a decision to perform a CD without labor. Generally speak
ing, the appropriate mode of delivery for the preterm fetus 
ought to be based on similar standards of obstetric indications 
as at term.

Delayed Cord Clamping
In December of 2012, ACOG published a committee opinion 
recommending delayed umbilical cord clamping in preterm 
infants.56 This opinion was endorsed by the American Academy 
of Pediatrics (AAP). The definitions of early cord clamping and 
delayed cord clamping are quite varied in the literature. 
General consensus and review o f numerous articles suggest 
that early cord clamping occurs within 30 seconds o f deliv
ery; late cord clamping occurs when the delay is greater than
30 seconds and up to 5 minutes, although most o f the benefit 
occurs within the first 60 to 120 seconds/ Delayed cord 
clamping (DCC) is associated with substantial benefits in hema
tologic characteristics. Following D CC, preterm infants have 
higher initial hematocrits, higher circulating blood volumes, 
and higher diastolic blood pressures, and they require less 
resuscitation in the delivery room.18 In addition, DCC has 
been associated with lower transfusion rates in preterm infants.59 
Although polycythemia and higher bilirubin levels have been

linked to DCC, a statistically significant increased need for 
phototherapy has not been seen in the preterm population. A 
paucity of data exists to compare the alternative of umbilical 
cord milking to DCC. In the only direct comparison study60 
published to date (58 infants enrolled), no difference was noted 
between milking the cord four times and delaying clamping of 
the cord for 30 seconds. The published randomized studies on 
this topic have been relatively small (total of 173 infants ran
domized to cord milking and either immediate or delayed cord 
clamping) and thus milking o f the cord cannot be recom
mended as the standard o f care fo r the preterm infant at this 
time. The potential consequences of delaying resuscitation in 
preterm infants in order to provide DCC is a common concern 
among neonatal and obstetric providers. However, several studies 
have demonstrated that these concerns are unfounded. DCC of 
up to 60 seconds has no deleterious effect in regard to delivery 
room resuscitation as measured by Apgar scores at 1 and
5 minutes or the need for chest compressions and epinephrine. 
In fact, in the VLBW population, DCC reduces the need 
for any delivery room resuscitation intervention, supple
mental oxygen, or bag-mask ventilation.1’1 In addition, no 
increase in the rate of hypothermia has been noted in infants 
undergoing DCC.

PREVENTION OF PRETERM BIRTH
Care o f PTB may be described according to the public 
health model as tertiary (treatment initiated after the partu- 
ritional process has begun to limit perinatal morbidity 
and mortality), secondary (identification and treatment for 
individuals with increased risk), or primary (prevention 
and reduction o f risk in the population). Tertiary care 
described in the preceding section of this chapter has improved 
perinatal outcomes but has no effect on the incidence of 
PTB. Efforts to identify women likely to deliver preterm to 
reduce or eliminate their risk have not achieved high sensitivity, 
and, until recently, no effective interventions were available to 
reduce risk.

Prevention efforts aimed at risk factors have been undertaken 
with the expectation that PTB would decline in proportion to 
the contribution of that risk factor as a cause of PTB. The failure 
of this approach underlies the current understanding of PTB as 
a syndrome in which multiple factors, known and unknown, 
contribute to the initiation and progression of preterm parturi
tion. Rather than a distinct entity for which there are specific 
tests, PTB is more appropriately considered as the result of 
various pathologic events that affect the timing and progress of 
parturition. Understanding maternal risk factors, symptoms, 
and tests as clues to steps in a parturitional sequence that may 
or may not progress to early delivery, rather than “tests for 
preterm labor,” brings some clarity to the sometimes confusing 
literature on this subject.

Secondary Prevention of Preterm Birth
Identification and elimination or reduction of risk may be 
applied before and/or after conception.

Before Pregnancy
Prepregnancy medical risk factors occur in as many as 
40%  o f PTBs, but preconceptional medical interventions to 
reduce PTB in these women have been disappointing. A
history of second-trimester loss or PTB is most easily
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640 Section V Complicated Pregnancy

identified,3’62 recalling that the risk increases as the gestational 
age of the previous PTB declines and as the number of PTBs 
increases. Preconceptional interventions include surgical correc
tion of miillerian anomalies and preconceptional abdominal 
cerclage. A randomized trial in 1579 women of interconcep- 
tional home visits and counseling to reduce LBW and PTB 
reported no evidence of benefit. Another randomized placebo- 
controlled trial tested interconceptional antimicrobial treatment 
in women with a prior early PTB. Subjects were randomly 
assigned to receive metronidazole and azithromycin or placebo 
at 3-month intervals between pregnancies, but the recurrence 
risk of PTB was not improved.

During Pregnancy
Postconceptional prevention strategies have most often been 
studied in women with a prior PTB with a major risk factor 
such as multifetal gestation or bleeding and in women with a 
sign, symptom, or positive screening test indicative of increased 
risk. Previous editions of this text have noted the absence of any 
effective interventions, but recent studies have demonstrated 
reduced risk in selected populations; for example, in women 
with a prior PTB and with a short cervix.

Modification of Maternal Activity
Despite a lack of supporting evidence, bed rest, lim ited work, 
and reduced sexual activity are often recommended to reduce 
the risk of PTB in pregnancies at risk for indicated and sponta
neous births. Yost and colleagues found no relationship between 
coitus and risk of recurrent PTB. Grobman and coworkers'’' 
reported no relation between reduced activity and frequency 
of PTB in nulliparous women with CL less than 30 mm 
before 24 weeks.

NUTRITIONAL SUPPLEMENTS
Supplemental use of omega-3 polyunsaturated fatty acids 
(PUFAs) has been recommended because populations with a 
high dietary intake have low rates of PTB, perhaps because 
omega-3 PUFAs reduce levels of proinflammatory cytokines. 
European trials of omega-3 supplements and supplemental fish
oil found significant reductions in PTB, but a placebo-controlled 
U.S. trial of supplemental omega-3 PUFAs in women with a 
prior PTB found no benefit in women who were treated with 
17-0t-hydroxyprogesterone caproate.^ Interestingly, women in 
both arms of this study who consumed more than one fish meal 
per month had a significantly lower rate of PTB than those who 
consumed fish once per month or less. Trials o f supplemental 
vitamins C and E and calcium have not demonstrated a 
reduction in PTB risk.1’1

ENHANCED PRENATAL CARE
Although perhaps helpful in adolescents, programs of enhanced 
prenatal care that provide social support, home visits, and educa
tion have not reduced PTB. Frequent provider-initiated contact 
for women with a prior PTB also did not decrease recurrent 
PTB in randomized trials.

However, reduced rates of PTB have been reported for women 
receiving prenatal care in novel settings: group prenatal care in 
South Carolina,66 a regional program to standardize care for an 
indigent population in Texas,67 and specialized prematurity 
clinics in Utah and Ohio68 for women with a prior PTB have 
all reported lower rates of premature birth, but all are retrospec
tive and merit confirmation.

PERIODONTAL CARE
The association of periodontal disease with increased risk of 
prematurity prompted intensive study of the effects of periodon
tal care on the rate of PTB. Results have been negative, suggest
ing shared susceptibility rather than a causal linkage.

ANTIBIOTIC TREATMENT
Screening and antibiotic treatment of women with abnormal 
genital flora has been largely ineffective to prevent PTB. Anti
biotic treatment for women with a prior PTB who have bacterial 
vaginosis was associated with reduced risk of recurrent PTB in 
secondary analyses. Reviews and meta-analyses have also been 
negative, and a U.S. Preventive Services Task Force review69 
cautioned that there may be “unintended potential for harm” 
from screening and treatment for bacterial vaginosis in preg
nancy. Antibiotic prophylaxis has also been studied in women 
with positive fetal fibronectin test results. Rates of PTB were 
actually increased in fibronectin-positive women who received 
antibiotic treatment. Similar results were reported from a trial 
of antibiotics in women with Trichomonas.

PR0GEST0GENS
Progestogen supplementation for women at risk for PTB has 
been investigated based on several plausible mechanisms of 
action, including reduced gap-j unction formation and oxytocin 
antagonism leading to relaxation of smooth muscle, mainte
nance of cervical integrity, and antiinflammatory effects. Studies 
performed before 1990 in women with recurrent miscarriage 
and PTB were reviewed by Keirse, 11 who found “no support 
for the view that 17-OC-hydroxyprogesterone caproate protects 
against miscarriage, but suggests that it does reduce the occur
rence of PTB.” Subsequent randomized trials have demon
strated an approximately 40%  decrease in the rate o f PTB 
in women with a prior PTB and/or a short cervix (<15 
to 20 mm before 24 weeks’ gestation) who were treated 
with either intramuscular 17-OC-hydroxyprogesterone capro
ate 250 mg weekly or with vaginal progesterone supposito
ries or cream daily between 16 and 36 weeks’ gestation 
(Table 29-4).15' 17,19,71,72

Several randomized placebo-controlled trials have found 
that progestogen supplementation does not affect the rate of 
PTB in women with multifetal gestations, indicating that the

TABLE 29-4 STUDIES OF PROGESTOGENS TO REDUCE 
PRETERM BIRTH

EFFECT ON
STUDY YEAR POPULATION PTB RATE

Keirse70* 1990 Meta-analysis 4- 40%
da Fonseca7 lf 2003 History of PTB i  40%
Meis72* 2003 History of PTB I  35%
Fonseca16" 2007 Short cervix <15 mm i  44%
0 ’Brien17t 2007 History of PTB without 

short cervix*
No i

DeFranco15t 2007 History of PTB with 
short cervix5

i

Hassanl9t 2011 Short cervix 10 to 
20 mm

1 45%

* 17-OC-hydroxyprogesterone caproate.
Paginal progesterone in various formulations.
* Women likely to receive cerclage not enrolled. Mean cervical length at entry was 
37 mm.
Secondary analysis of O’Brien study subjects who later had a short cervix (<28 mm). 
PTB, preterm birth variably defined.
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Chapter 29 Preterm Labor and Birth 641

mechanism o f progesterone’s action to reduce risk o f PTB in 
singletons is not related to uterine stretch.73'76

Importandy, the effect of supplemental progesterone com
pounds is not universally observed in women with a prior PTB, 
indicating first that some pathways to recurrent PTB are not 
influenced by this therapy and also that many women with a 
prior PTB will deliver at term without treatment. The recurrence 
risk of sPTB without treatment is related to CL at 22 to 24 
weeks’ gestation and ranges from more than 35% in women 
whose CL is less than 25 mm to 15% in women with a CL of
25 to 35 mm and to less than 10% in those with a CL above 
35 mm. In the only study of women with a previous PTB in 
which vaginal progesterone did not reduce the risk of recurrent 
PTB,16 the mean CL at 18 to 22 weeks’ gestation was 37 mm, 
which suggests that women with a prior PTB who also do not 
have a short cervix w ill not benefit from progesterone supple
mentation. Indeed, a secondary analysis of this study found a 
reduced risk of PTB in women who later had a short cervix.15 
Taken together, these studies indicate that a short cervix, 
rather than prior PTB, is the most appropriate criterion 
for institution o f vaginal progesterone therapy. However, 
a history o f PTB will continue to be an indication for 
17-0t-hydroxyprogesterone caproate treatment until addi
tional studies demonstrate that such treatment is unneces
sary in women with a prior PTB who maintain a normal CL 
beyond 24 weeks’ gestation.

Trials of progestogens in women with other risk factors, such 
as a positive fetal fibronectin or bleeding, have not been reported. 
The mechanism of action is uncertain, but the absence of effect 
in multifetal gestation coupled with reductions in PTB in 
women with a short cervix suggest that the pathway may be 
related primarily to modulation of cervical softening, a conclu
sion also suggested by basic studies.

The optimal strategy to identify candidates for progester
one therapy has not been determined. Universal CL screening 
of all pregnant women at 18 to 24 weeks’ gestation has been 
proposed based on two favorable cost-effectiveness studies77,78 
and expert opinion,79 but universal application of any screening 
test in obstetric care is always accompanied by unanticipated 
costs and consequences, in this case likely related to reproduc
ibility of cervical sonography and uncertain adherence to recom
mended treatment protocols.

An alternative list of indications for selective screening for a 
short cervix with transvaginai ultrasound is shown in Box 29-6. 
These women are candidates for screening with the expectation 
that progesterone supplementation will be considered if  the CL 
measurement at 16 to 24 weeks’ gestation is 20 mm or less. The 
value and tim ing of repeat cervical ultrasound in women with 
marginal CL measurements is uncertain. The schema suggested 
is likely to be modified by broader experience with cervical 
sonographic screening.

CERVICAL CERCLAGE
The relationship between a short cervix and the risk o f PTB 
was initially interpreted as evidence o f diminished cervical 
strength or competence, but subsequent clinical experience 
and interventional studies do not support that conclusion. 
Cerclage is an effective treatment for women with a history 
of PTB and a short cervix (see Chapter 28). Although benefi
cial for women with a prior PTB whose CL is very short (<15 
to 25 mm),80,81 cerclage treatment does not reduce PTB risk in 
women with an isolated short cervix (<15 mm) without a

BOX 29-6 INDICATIONS FOR CERVICAL ULTRASOUND 
SCREENING IN THE SECOND TRIMESTER

A ny previous pregnancy delivered between 16 and 36 
weeks' gestation 

A ll pregnancies conceived after fe rtility  care 
A ll w om en w ith  a h is to ry  o f cervical instrum enta tion

• Cervical cone biopsy o r loop e lectrosurg ica l excision 
procedure (LEEP)

• D ilation and curettage fo r  diagnosis o r therapeutic 
indica tions, inc lud ing  firs t- and second-trim ester 
pregnancy te rm ina tions

All w om en w ith  p rio r genita l tract in fections o r persisten tly 
abnorm al Papanicolaou sm ear 

A ll w om en w ith  depression, low  body mass index 
(BMI<19.6), or w ho sm oke 

A ll w om en w hose cervical length is <35 m m  on a 
m id trim e ste r transabdom ina l u ltrasound exam ination
• W om en w ith  signs o r sym ptom s o f preterm  

pa rtu rition  in the current pregnancy
• Vaginal b leeding or spo tting  w ith o u t an obvious 

cause
• Persistent sym ptom s o f pelvic pressure, cram ps, 

change in vagina l d ischarge after 16 weeks' 
gestation

history of PTB,82 and it actually appears to increase the risk of 
PTB in women with a twin pregnancy and a short cervix.82,83 In 
women with a prior PTB, cerclage is paradoxically most benefi
cial in those with the shortest CL (<15 mm),80,81 which suggests 
that the benefit of cerclage may relate more to protection of 
exposed membranes than to bolstering cervical strength.

Clinical Use of Progesterone and Cerclage 
to Prevent Preterm Birth
The body o f evidence that shows progesterone is effective in 
reducing the risk o f PTB in women with a short cervix with 
or without a history o f PTB has influenced the clinical care 
of women who would previously have been considered to be 
candidates for prophylactic history-indicated cervical cer
clage. Similarly, results from the NICHD Vaginal Ultrasound 
Cerclage Trial80 indicate that only 30% of the more than 1000 
women with a history of a PTB between 17 and 34 weeks’ gesta
tion displayed a CL of 25 mm or less before 24 weeks’ gestation 
when followed with cervical sonography. These observations led 
to development of the protocol displayed in Figure 29-11.81 
Cerclage is reserved for women with a history of cervical injury, 
uterine anomaly, and/or progressive cervical shortening to a 
length below 25 mm despite progesterone therapy. In these 
patients, cerclage is offered at 25 mm and is strongly urged if 
the CL is 15 mm or less or membranes are visible.

Late Preterm Birth
In 2008, 12.3% of births in the United States were preterm, 
and 71% of these (8.8%) were late preterm, occurring between 
340/7 and 366/7 weeks’ gestation (Fig. 29-12). Although these 
infants fare better than those born before 34 weeks’ gestation, 
they experience substantially increased morbidity and mortality 
compared with infants born after 37 weeks’ gestation, and they 
account for the overwhelming majority of admissions to the 
NICU. Approximately 70% of PTBs are spontaneous, but the 
relative percentage has declined in recent years because indicated 
PTBs have increased. Other contributors to the decline in
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642 Section V Complicated Pregnancy

• All women receive nutritional and social work counseling 
at initial visit and as needed thereafter.

• Smoking cessation education and program are provided as needed.
• All women receive nursing education and support at each 

visit and an invitation to call as needed between visits.

FIG 29-11 Care algorithm for women with a prior preterm birth (PTB) at 16 to 36 weeks' gestation. Rx, medical treatment. (Courtesy Ohio State 
University.)

Year

FIG 29-12 Trends in late-preterm birth, stillbirth, and infant mortality, 
United States, 1990-2004. (From Ananth CV, Gyamfi C, Jain L. Char
acterizing risk profiles of infants who are delivered at late preterm 
gestations: does it matter? Am J Obstet Gynecol. 2008; 199[4]: 
329-331.)

the proportion o f late spontaneous PTBs that have occurred 
since 2006 include the decline in multifetal gestations related 
to fertility care and increased use o f progesterone and cer
vical cerclage. The rise in PTBs between 1990 and 2006 
in singletons was almost entirely explained by an increased 
rate o f indicated PTBs between 34  and 36 weeks’ gestation. 
The principal driver o f this increase was an increased will
ingness to consider scheduled birth as a safer option than 
continuing the pregnancy in women with various pregnancy 
complications.

The decision to choose indicated PTB over continuation 
o f the pregnancy at any gestational age carries great potential 
to create, as well as to prevent or reduce, perinatal morbidity 
and mortality. Unfortunately, the relative risks and benefits 
o f delivery versus expectant management are difficult to 
weigh accurately, especially in the late preterm period. Before 
34 weeks’ gestation, clear benefit can be gained by daily increases 
in fetal maturity. At 34 weeks, the risks of immaturity have been 
considered to be acceptable in complicated pregnancies, but the 
morbidity and mortality rates for infants born between 34 and 
37 weeks’ gestation are higher than previously realized. Reddy 
and colleagues85 examined the records of 292,627 late-preterm 
singleton births and found that 49% were associated with spon
taneous labor. Remarkably, no reason was recorded in 23% of 
late PTBs. In another study,86 7.8% of all births and 65.7% of 
PTBs were late preterm. O f these, 29.8%  followed spontaneous 
labor; 32.3%  followed PPROM; 31.8% had an obstetric, mater
nal, or fetal condition that led to late PTB following induction 
of labor or cesarean delivery in the absence of labor; and 6.1%
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Chapter 29 Preterm Labor and Birth 643

were unknown. Specific guidelines for choosing late PTB in 
complicated pregnancies are lacking, but recent efforts to docu
ment the reasons and track the risks and benefits of these births 
are expected to help in the future (Table 29-5).87

Primary Prevention of Preterm Birth
Primary prevention strategies for PTB will require consistent 
efforts through education and public policy because the 
public and government currently underestimate the magni
tude o f the societal burden. Preconceptional interventions are 
needed because as many as 50% of PTBs occur in women 
without known risk factors.

Public Educational Interventions
Greater awareness of the increased risk of PTB in singleton 
gestations associated with assisted reproductive technology 
(ART) could affect attitudes and choices made in fertility care.

Similar strategies to reduce the prevalence of smoking, increase 
the use of condoms to prevent sexually transmitted infections, 
and promote recognition and early treatment of depression 
might all have an eventual effect on PTB rates. Promotion of 
long-acting reversible contraceptives for women at risk, espe
cially after a preterm delivery, offers a chance to reduce the risk 
of recurrent PTB.

Public and Professional Policies
Policies promulgated by fertility specialists intended to reduce 
the risk of higher-order multiple gestation have been successful 
in Europe, Australia, and the United States. Rates of triplet and 
higher-order multiple pregnancies had been rising rapidly in the 
United States until 1998, when the increase was arrested by 
voluntary adoption of limitations on the number of ova trans
ferred. The rate of higher-order multiples fell by 50% between 
1996 and 2003. A societal approach to improve pregnancy

TABLE 29-5 GUIDANCE REGARDING TIMING OF DELIVERY WHEN CONDITIONS COMPLICATE PREGNANCY AT 
34 WEEKS' GESTATION OR LATER

CONDITION

Placental and Uterine Issues
Placenta previa*
Suspected placenta accreta, increta, or percreta 

with placenta previa*
Prior classical cesarean incision (upper segment 

uterine incision)*
Prior myomectomy necessitating cesarean delivery*

Fetal Issues
Fetal growth restriction, singleton

Fetal growth restriction, twin gestation

Fetal congenital malformations*

Multiple gestations: dichorionic-diamniotic* 
Multiple gestations (see Chapter 32): 

monochorionic-diamniotic*
Multiple gestations: dichorionic-diamniotic or 

monochorionic-diamniotic with single fetal 
death*

Multiple gestations: monochorionic- 
monoamniotic*

Multiple gestations: monochorionic- 
monoamniotic with single fetal death* 

Oligohydramnios, isolated and persistent*

GESTATIONAL AGE* AT DELIVERY

36-37 wk 
34-35 wk

36-37 wk

37-38 wk (may require earlier delivery, similar to prior classical cesarean, 
in situations with more extensive or complicated myomectomy)

38-39 wk: Otherwise uncomplicated, no concurrent findings
34 -37  wk: Concurrent conditions (oligohydramnios, abnormal Doppler 

studies, maternal risk factors, comorbidity)
Expeditious d e liv ery  regardless o f  gesta tiona l age: Persistent abnormal fetal 

surveillance suggesting imminent fetal jeopardy
36 -37  wk: Dichorionic-diamniotic twins with isolated fetal growth 

restriction
32-34 wk: Monochorionic-diamniotic twins with isolated fetal growth 

restriction
Concurrent conditions (oligohydramnios, abnormal Doppler studies, 

maternal risk factors, comorbidity)
Expeditious d elivery  regardless o f  gesta tiona l age: Persistent abnormal fetal 

surveillance suggesting imminent fetal jeopardy 
34-39 wk: Suspected worsening of fetal organ damage 
Potential for fetal intracranial hemorrhage (e.g., vein of Galen aneurysm, 

neonatal alloimmune thrombocytopenia)
When delivery prior to labor is preferred (e.g., EXIT procedure)
Previous fetal intervention
Concurrent maternal disease (e.g., preeclampsia, chronic hypertension) 
Potential for adverse maternal effect from fetal condition 
Expeditious d elivery  regardless o f  gesta tiona l age:
When intervention is expected to be beneficial 
Fetal complications develop (abnormal fetal surveillance, new-onset 

hydrops fetalis, progressive or new-onset organ injury)
Maternal complications develop (mirror syndrome associated with fetal 

hydrops)
38 wk 
34-37 wk

At or after 34 wk, consider delivery (recommendation limited to
pregnancies at or after 34 wk; if  it occurs before 34 wk, individualize 
based on concurrent maternal or fetal conditions)

32-34 wk

Consider delivery; individualized according to gestational age and 
concurrent complications

36-37 wk

GRADE OF 
RECOMMENDATION*

C ontinued
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644 Section V Complicated Pregnancy

TABLE 29-5 GUIDANCE REGARDING TIMING OF DELIVERY WHEN CONDITIONS COMPLICATE PREGNANCY AT 
34 WEEKS' GESTATION OR LATER— cont'd

CONDITION 

Maternal Issues
Chronic hypertension, no medications*
Chronic hypertension, controlled on medication* 
Chronic hypertension, difficult to control

(requiring frequent medication adjustments)* 
Gestational hypertension5 
Preeclampsia, severe*
Preeclampsia, mild*
Diabetes, pregestational, well controlled* 
Diabetes, pregestational, with vascular disease* 
Diabetes, pregestational, poorly controlled* 
Diabetes, gestational, well controlled on diet* 
Diabetes, gestational, well controlled on 

medication*
Diabetes, gestational, poorly controlled on 

medication*
Obstetric Issues
Prior stillbirth, unexplained*

Spontaneous PTB: PPROM* 
Spontaneous PTB: active preterm labor*

GESTATIONAL AGE* AT DELIVERY

38-39 wk
37-39 wk
36-37 wk

37-38 wk
At diagnosis (recommendation limited to pregnancies at or after 34 wk) 
37 wk
LPTB or ETB not recommended
37-39 wk
34-39 wk (individualized to situation)
LPTB or ETB not recommended 
LPTB or ETB not recommended

34-39 wk (individualized to situation)

LPTB or ETB not recommended
Consider amniocentesis for fetal pulmonary maturity if  delivery is 

planned at less than 39 wk 
34 wk (recommendation limited to pregnancies at or after 34 wk) 
Delivery if  progressive labor or additional maternal or fetal indication

GRADE OF 
RECOMMENDATION*

C
B
B
B
B
B

From Spong CY, Mercer BM, D’Alton M, et al. Timing of indicated late-preterm and early-term birth. Obstet Gynecol. 2011; 118(2 Pt 1):323.
*Gestational age is in completed weeks; thus 34 weeks includes 340/7 weeks through 346/7 weeks.
Grade of recommendation: recommendations or conclusions or both are based on good and consistent scientific evidence (A); based on limited or inconsistent scientific evidence (B); 

based primarily on consensus and expert opinion (C). The recommendations regarding expeditious delivery for imminent fetal jeopardy were not given a grade. H ie recommendation 
regarding severe preeclampsia is based largely on expert opinion; however, higher-level evidence is not likely to be forthcoming because this condition is believed to carry significant 
maternal risk with limited potential fetal benefit from expectant management after 34 weeks.
^Uncomplicated, thus no fetal growth restriction, superimposed preeclampsia, and so on. If these are present, the complicating conditions take precedence, and earlier delivery may be 
indicated.
^Maintenance antihypertensive therapy should not be used to treat gestational hypertension.
ETB, early-term birth at 370// weeks through 386/7 weeks; EXIT, ex utero intrapartum treatment; LPTB, late-preterm birth at 340/7 weeks through 366/7 weeks; PPROM, preterm 
premature rupture of the membranes; PTB, preterm birth.

outcomes has been adopted in most European countries, where 
policies to protect pregnant women include minimum paid 
pregnancy leave, time off for prenatal visits, exemption from 
night shifts, and protection from workplace hazards. The Euro
pean Programme of Occupational Risks and Pregnancy Outcome 
(EUROPOP) study of such policies found that risk o f PTB was 
increased among women who worked more than 42 hours 
per week (OR, 1.33; C l, 1.1 to 1.6) and who were required 
to stand for more than 6 hours per day (OR, 1.26; C l, 
1.1 to 1.5).

Social Determinants of Health
Racial disparities in health are not confined to perinatal medi
cine but rather are reflected throughout the life span. The 
increased rates of many illnesses in black and other disadvan
taged groups are being addressed by the public health commu
nity through the social determinants o f health: (1) promotion 
of school attendance and completion, (2) food security,
(3) neighborhood nutritional programs, (4) job fairs, and 
(5) an increasing role for hospital and health providers as 
local leaders.88

SUMMARY

Preterm birth is a syndrome, the final result of several 
pathways that often overlap to initiate parturition. Obstet
ric interventions to reduce infant morbidity, such as 
antenatal glucocorticoids and antibiotics for group B

streptococcal prophylaxis, are effective tertiary therapies 
but have no opportunity to reduce the incidence of PTB. 
Detection of pregnancies at risk through careful review of 
prior pregnancies, selective or universal use of cervical 
ultrasound screening to identify candidates for progester
one therapy, and selective use of cerclage are welcome 
advances. Adherence to protocols for tim ing of scheduled 
births and documentation of indications for iatrogenic 
PTB are needed to further reduce the rate of stillbirth while 
lim iting the associated morbidity of late PTB.

KEY POINTS

♦ More than 70% of fetal, neonatal, and infant morbidity 
and mortality occurs in infants born preterm.

♦ The rate of PTB peaked in 2006 as the result of the 
increased use of assisted reproductive technology, ultra
sound dating, and indicated preterm births. It has since 
declined largely because of the adoption of fertility prac
tices to reduce the multifetal gestations associated with 
infertility treatment.

♦ Major risk factors for PTB are a history of previous 
preterm delivery, multifetal gestation, and bleeding after 
the first trimester of pregnancy; however, most women 
who deliver preterm have no apparent risk factors; 
therefore every pregnancy is potentially at risk.
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♦ sPTB is a syndrome in which the parturition process 
may be initiated by one or more pathways that culm i
nate in cervical ripening, decidual activation, uterine 
contractions, and ruptured membranes.

♦ Four interventions have been shown to reduce perinatal 
morbidity and mortality: (1) transfer of the mother and 
fetus to an appropriate hospital before PTB; (2) admin
istration of maternal antibiotics to prevent neonatal 
Group B Streptococcus infection; (3) administration of 
maternal corticosteroids to reduce neonatal RDS, IVH, 
and neonatal mortality; and (4) administration of 
maternal magnesium sulfate at the preterm delivery at 
less than 32 weeks to reduce the incidence of cerebral 
palsy.

♦ The risk of recurrent PTB may be reduced in women 
with a prior PTB with 17-OC-hydroxyprogesterone cap- 
roate and in women with a short cervix (<20 mm) by 
administration of prophylactic supplemental progester
one. Cervical cerclage should be reserved for women 
with a prior PTB and a short cervix.
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Intram uscular IM
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Maternal-Fetal M edicine Unit MFMU
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Neonatal intensive care unit NICU
Odds ratio OR
Periventricular leukomalacia PVL
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Premature rupture o f the m em branes PROM
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U.S. Food and Drug A dm in is tra tion FDA

Membrane rupture that occurs spontaneously before the 
onset o f labor is described as premature rupture o f the mem
branes (PROM) regardless o f the gestational age at which it 
occurs. PROM complicates about 8% to 10% of pregnancies. 
Preterm PROM that occurs before 37 weeks’ gestation affects 
about 1% of deliveries overall, and birth certificate data suggest 
that it is over twofold more common in blacks.1 Like preterm 
labor and cervical insufficiency, PROM is considered a cause of 
spontaneous preterm birth. The relative contribution of PROM 
to prematurity appears to vary greatly among patient popula
tions, affecting about 10% of preterm births in national data
bases but over 20% in certain high-risk populations. Its frequency 
appears to have declined during the past decade.2'5

PROM at any gestational age is associated with brief 
latency from membrane rupture to delivery and also increased 
risks for perinatal infection and umbilical cord compression 
due to oligohydramnios. Because of this, term and preterm 
PROM are significant causes of perinatal morbidity and mortal
ity. When PROM occurs at term, the risk is low for severe 
neonatal complications with delivery of a noninfected and non
asphyxiated infant. Clinical management should be directed 
toward delivery. Although complications can occur, delivery at
32 to 36 weeks’ gestation is generally associated with good infant 
outcomes, particularly if  the fetus has documented pulmonary 
maturity. Given the risks of continued pregnancy and antici
pated brief latency, delivery of the mature fetus is generally 
warranted, particularly at 34 weeks’ gestation or later. At 32 to
33 weeks’ gestation, the immature fetus may benefit from mea
sures to accelerate fetal maturation and to prolong the preg
nancy. W ith immediate delivery after preterm PROM at 23 to
31 weeks’ gestation, the risk is significant for newborn complica
tions that can be reduced through adequate delay of delivery. In 
the absence of contraindications, management is directed toward
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648 Section V Complicated Pregnancy

continuing the pregnancy with attention to potential complica
tions that include umbilical cord compression, intrauterine 
infection, and abruptio placentae. When PROM occurs before 
the lim it of viability, newborn death is inevitable with immedi
ate delivery. Although conservative management may still result 
in a previable delivery, some women will benefit from extended 
latency with delivery of a potentially viable infant. Regardless 
of the gestational age, the patient should be well informed 
regarding the potential maternal, fetal, and neonatal compli
cations o f PROM and preterm birth. These issues are discussed 
in detail in this chapter.

FETAL MEMBRANE ANATOMY 
AND PHYSIOLOGY
The fetus develops within the amniotic sac, which is surrounded 
like a balloon by the fetal membranes. These membranes consist 
of a thin amnion layer that lines the amniotic cavity and a 
thicker outer chorion directly apposed to the maternal decidua. 
The amnion fuses to the chorion near the end of the first tri
mester of pregnancy, and these layers are subsequently attached 
by a collagen-rich connective tissue zone. For the remainder of 
the pregnancy, the fetal membranes include a single cuboidal 
amnion epithelium with subjacent compact and spongy connec
tive tissue layers and a thicker chorion that consists of reticular 
and trophoblastic layers. Together, the amnion and chorion are 
stronger than either layer independently; individually, the 
amnion has greater tensile strength than the chorion.

As the pregnancy progresses, changes in collagen content 
and type, intercellular matrix, and cellular apoptosis result in 
structural weakening of the fetal membranes. Membrane remod
eling is more evident near the internal cervical os and can be 
stimulated by thrombin-mediated increases in matrix metallo
proteinases (e.g., M M P-1, M M P-2, MMP-9) and decreased 
levels of tissue inhibitors of matrix metalloproteinases (e.g., 
TIMP-1, TIMP-3) within the membranes, as well as increased 
poly (ADP-ribose) polymerase (PARP) cleavage.6'8 Contractions 
subject the amniochorionic membranes to additional physical 
strain that can lead to membrane rupture. Should the fetal 
membranes not rupture before labor, advancing cervical dilation 
decreases the work needed to cause membrane rupture over 
the internal cervical os. Preterm PROM likely results from a 
variety o f factors that ultimately lead to accelerated mem
brane weakening through an increase in local cytokines 
and an imbalance in the interaction between MMPs and 
TIMPs, increased collagenase and protease activity, or other 
factors that cause increased intrauterine pressure (e.g., 
polyhydramnios) ,5'9

ETIOLOGY OF PREMATURE RUPTURE 
OF THE MEMBRANES
A number of risk factors have been associated with the occur
rence of preterm PROM. Among these are low socioeconomic 
status, uterine overdistension, second- and third-trimester bleed
ing, low body mass index (BMI), nutritional deficiencies of 
copper and ascorbic acid, maternal cigarette smoking, cervical 
conization or cerclage, pulmonary disease in pregnancy, connec
tive tissue disorders (e.g., Ehlers-Danlos syndrome), and preterm 
labor or symptomatic contractions in the current gestation. Each 
risk factor, individually or in concert, could lead to PROM 
through the mechanisms outlined above. However, the ultimate

clinical cause of membrane rupture is often not apparent, and 
many at-risk patients will deliver at term without PROM.

Preterm PROM has also been linked to infections that 
involve the urogenital tract. Neisseria gonorrhoeae, Chlamydia 
trachomatis, and Trichomonas vaginalis have each been associated 
with preterm PROM .10 Although vaginal group B P-hemolytic 
Streptococcus (GBS) colonization does not appear to be associ
ated with preterm PROM, cervica l colonization may be. GBS 
bacteriuria is associated with preterm PROM and low-birth- 
weight infants.” 12 Although bacterial vaginosis has been linked 
to spontaneous preterm births, including preterm PROM, it is 
unclear whether bacterial vaginosis is the inciting condition that 
facilitates ascent of other bacteria to the upper genital tract, or 
whether it is simply a marker of maternal susceptibility to abnor
mal genital tract colonization.13 Bacterial invasion can facilitate 
membrane rupture through direct release of proteases and also 
through stimulation of a host inflammatory response that results 
in the elaboration of local cytokines, MMPs, and prostaglandins. 
Histologic studies of the membranes after preterm PROM often 
demonstrate significant bacterial contamination along the cho- 
riodecidual interface with minimal involvement of the amnion.14 
Further evidence that links preterm PROM and genital tract 
infection is that these women have a high incidence of positive 
amniotic fluid cultures (25% to 35%) even in the absence of 
clinically suspected intrauterine infection.15,16 Although some of 
these findings may reflect ascending infection subsequent to 
membrane rupture, it is probable that ascending bacterial colo
nization and infection are integral to the pathogenesis of 
preterm PROM in many cases.

Although the onset o f vaginal fluid leakage is an acute 
event, evidence shows that the factors and events that lead to 
membrane rupture are sometimes subacute or even chronic. 
Women with a prior preterm birth (PTB), especially because 
of PROM, are at increased risk for PTB due to PROM in 
future pregnancies. Studies have also suggested associations exist 
between maternal inflammatory proteins, genotype, and sponta
neous preterm birth (sPTB) due to preterm labor or PROM .1 18 
Further, asymptomatic women with a short cervical length in 
the second trimester are at increased risk for preterm PROM 
occurring many weeks later.19

PREDICTION AND PREVENTION OF PRETERM 
PREMATURE RUPTURE OF THE MEMBRANES
Once preterm PROM occurs, delivery is often required or inevi
table. Optimally, prevention of PROM would offer the best 
opportunity to avoid its complications. Prior PTB and espe
cially prior preterm PROM (PPROM) have been associated 
with PPROM in a subsequent pregnancy.211 The risk o f recur
rence increases with decreasing gestational age o f the index 
PTB. Those with a prior delivery near the lim it of viability (23 
to 27 weeks) have a 27.1%  risk of subsequent PTB. Those with 
a prior history of PTB due to PROM have a 3.3-fold higher risk 
for PTB due to PROM (13.5% vs. 4.1%) and a 13.5-fold higher 
risk for PPROM before 28 weeks’ gestation (1.8% vs. 0.13%) 
in a subsequent pregnancy (P< .01 for each). In an analysis from 
a prospective evaluation of PTB prediction, nulliparas and 
women with prior deliveries were evaluated separately because 
those without a prior birth lacked important historic informa
tion available to those with a prior term or preterm birth.19 
In that study, multivariable analysis revealed medical complica
tions (including pulmonary disease in pregnancy), work during
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Chapter 30 Premature Rupture of the Membranes 649

pregnancy, recent symptomatic uterine contractions, and bacte
rial vaginosis to be significant markers for subsequent PTB in 
nulliparas when assessed at 22 to 24 weeks’ gestation (Table
30-1). Among women with prior deliveries, prior PTB due 
to preterm labor or PROM and a positive cervicovaginal fetal 
fibronectin (fFN) screen were statistically significant clinical 
markers for subsequent PPROM after controlling for other 
factors. Short cervical length (<25 mm) identified by transvagi
nai ultrasound and low maternal BMI (<19.8 kg/m2) were asso
ciated with an increased risk for subsequent PROM in both 
nulliparas and multiparas. Nulliparas with a positive cervicovagi
nal fFN and a short cervix had a 16.7% risk for PTB due to 
PPROM. Among multiparas, women with a prior PTB due 
to PROM, a short cervix on ultrasound, and positive cervi
covaginal fFN screen had a 3 1 -fold higher risk for PROM 
with delivery before 35 weeks’ gestation (25% vs. 2.3%) than 
those without risk factors (Table 30-2).

TABLE 30-1 MARKERS FOR PRETERM PREMATURE 
RUPTURE OF MEMBRANES BEFORE 
37 WEEKS' GESTATION*

NULLIPARAS MULTIPARAS
</V= 1618) (A/ = 1711)

Medical complications 3.7 (1.5-9.0) —

Work in pregnancy 3.0 (1.5-6.1) —
Symptomatic contractions 2.2 (1.2-7.5) —

within 2 weeks
Bacterial vaginosis 2.1 (1.1-4.1) —
Low BMI (<19.8 kg/m2) 2.0 (1.0-4.0) 1.8 (1.1-3.0)
Prior preterm birth due — 3.1 (1.8-5.4)

to PROM
Prior preterm birth due — 1.8 (1.1-3.1)

to preterm labor
Cervix <25 mm 3.7 (1.8-7.7) 2.5 (1.4-4.5)
Positive fetal fibronectin — 2.1 (1.1-4.0)

Modified from Mercer BM, Goldenberg RL, Meis PJ, et al, for the NICHD-MFMU 
Network. The preterm prediction study: prediction of preterm premature rupture of the 
membranes using clinical findings and ancillary testing. Am J  Obstet Gynecol.
2000; 183:738.
‘ Results of multivariable analyses for nulliparas and multiparas (presented as odds ratios 
with 95% confidence intervals).
BMI, body mass index; PROM, premature rupture of the membranes.

TABLE 30-2 RISK FOR PRETERM BIRTH DUE
TO PREMATURE RUPTURE OF THE 
MEMBRANES AMONG MULTIPARAS

N
<37 WEEKS
<%)

<35 WEEKS
(%)

All multiparas 1711 5.0 2.3
No risk factors present 1351 3.2 0.8
Prior preterm birth due to 124 10.5 4.8

PROM only
Prior preterm birth due to 13 15.4 15.4

PROM and positive fFN*
Prior preterm birth due to 26 23.1 15.4

PROM and short cervixt
All three risk factors present 8 25.0 25.0

Modified from Mercer BM, Goldenberg RL, Meis PJ, et al, for the NICHD-MFMU 
Network. The preterm prediction study: prediction of preterm premature rupture of the 
membranes using clinical findings and ancillary testing. Am J  Obstet Gynecol.
2000; 183:738.
‘ Positive fFN, cervicovaginal fFN screen positive (>50 ng/mL) at 22 to 24 weeks’ 
gestation.
tShort cervix, cervix length <25 mm on transvaginai ultrasound at 22 to 24 weeks’ 
gestation.
fFN, fetal fibronectin; PROM, premature rupture of the membranes.

Unfortunately, clinical risk-assessment systems identify only 
a small fraction of women who will ultimately deliver preterm. 
Although clinical and ancillary testing has increased our ability 
to identify women at increased risk because of potentially 
modifiable factors— such as cigarette smoking, poor nutrition, 
urinary tract and sexually transmitted infections, pulmonary 
disease, and severe polyhydramnios— it is unknown whether 
modification of these in a given patient will reduce the risk for 
PROM. Regardless, women at risk for PTB due to PROM based 
on clinical findings can be counseled regarding the symptoms 
of membrane rupture and contractions and can be encour
aged to seek medical care should symptoms occur. Regarding 
ancillary testing, progesterone therapy has been recommended 
for prevention of PTB in asymptomatic women with a short 
cervix, and thus cervical length (CL) screening has potential 
value for both predictive and therapeutic reasons.21 Alterna
tively, routine fFN screening has similar predictive value to 
CL measurement, but no elfective intervention can be offered 
based on the results. Thus routine fFN testing after PTB due 
to PROM is not recommended. Current evidence supports 
17-OC-hydroxyprogesterone caproate (17-P) treatment for 
women with a prior PTB due to PROM or preterm labor 
and also supports treatment with vaginal progesterone for 
asymptomatic women with a short cervical length. 21'23 Data 
regarding the value of vitamin C supplementation in preventing 
PROM are conflicting and are not generally supportive. In one 
study, such treatment was associated with a lower risk (7.7% 
vs. 24.5% ; P  = .02).24 Secondary analysis of another study sug
gested that treatment with vitamin C and E did not reduce sPTB 
or late preterm birth due to PROM but was associated with 
less frequent PTB due to PROM before 32 weeks’ gestation.25 
However, a review of studies in which vitamin C was given alone 
or in combination with other supplements suggests a negative 
impact on membrane strength and an increased risk for PTB.26,27 
Because o f these findings, vitamin C supplementation to 
prevent PPROM is not currently recommended.

CLINICAL COURSE AFTER PREMATURE 
RUPTURE OF THE MEMBRANES 
Maternal Risks
Hallmarks o f PROM include a brief latency from membrane 
rupture to delivery. On average, latency increases with 
decreasing gestational age at membrane rupture. At term, 
half o f expectantly managed gravidas deliver within 5 hours 
and 95%  deliver within 28 hours o f membrane rupture. 
O f all women with PROM before 34 weeks, 93%  deliver in 
less than 1 week. After excluding those who require delivery 
soon after admission, 50% to 60% of those conservatively 
managed and treated with antibiotics for pregnancy prolonga
tion will deliver within 1 week of membrane rupture.29 Only a 
small proportion of women with membrane rupture (<5%) can 
anticipate cessation of fluid leakage. About 86% of those with 
leakage after amniocentesis will reseal.30,31

RISKS OF PREMATURE RUPTURE 
OF THE MEMBRANES 
Maternal Risks
Chorioamnionitis is the most common maternal complica
tion after PPROM. This risk increases as the duration of mem
brane rupture becomes more prolonged and decreases with
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650 Section V Complicated Pregnancy

advancing gestational age at PROM.32 The risks of chorioamnio
nitis and endometritis increase with decreasing gestational age 
at PROM and also in different patient populations (13% to 60% 
for chorioamnionitis and 2% to 13%, for endometritis).33,34 
Abruptio placentae can cause PROM or can occur subse
quent to membrane rupture, and it affects 4% to 12%  of 
these pregnancies.1 Uncommon but serious complications 
of PROM managed conservatively near the limit o f viability 
include retained placenta and hemorrhage, requiring dila
tion and curettage (12%); maternal sepsis (0.8%); and mater
nal death (0.14% ).3S

Fetal and Neonatal Risks
Fetal complications after membrane rupture include infec
tion and fetal distress due to umbilical cord compression or 
placental abruption. Umbilical cord compression due to oligo
hydramnios is not uncommon after PROM. Frank or occult 
umbilical cord prolapse can also occur, particularly with fetal 
malpresentation. Because of these factors, women with PROM 
have a higher risk for cesarean delivery for nonreassuring fetal 
heart rate (FHR) patterns than those with isolated preterm labor 
(7.9% vs. 1.5%). Fetal death complicates 1% to 2% of cases 
o f conservatively managed PROM.29

The frequency and severity o f neonatal complications 
after PROM vary inversely with gestational age at membrane 
rupture and at delivery. Respiratory distress syndrome (RDS) 
is the most common serious newborn complication after 
PPROM at any gestational age. Necrotizing enterocolitis (NEC), 
intraventricular hemorrhage (IVH), and sepsis are common 
with early PTB but are relatively uncommon when PPROM and 
delivery occur near term. Serious perinatal morbidities with 
delivery remote from term can lead to long-term sequelae such 
as chronic lung disease (CLD), visual or hearing difficulties, 
intellectual disabilities, developmental and motor delay, cerebral 
palsy, and death. Although specific data are not available for 
those who deliver after PPROM, general community-based 
survival and morbidity data suggest that long-term morbidities 
and death are uncommon with delivery after about 32 weeks’ 
gestation.37 It is controversial whether gestational age-specific 
mortality is increased for preterm infants who deliver after 
PPROM.38'39

PPROM increases the risk o f neonatal sepsis twofold over 
that seen after PTB due to preterm labor with intact mem
branes.111 Neonatal infection can result from the same organisms 
present in the amniotic fluid, or from others, and it can present 
as acute congenital pneumonia, sepsis, or meningitis. Late-onset 
bacterial or fungal infections can also occur. Accumulating evi
dence suggests that fetal and neonatal infection and inflamma
tion are associated with an increased risk for long-term neurologic 
complications. Cerebral palsy and cystic periventricular leuko- 
malacia (PVL), as well as cognitive impairment and death and 
neurodevelopmental impairment in extremely preterm infants, 
have been linked to chorioamnionitis, which is more commonly 
seen after PPROM and is more likely with conservative manage
ment after membrane rupture.41,42 Elevated amniotic fluid cyto
kines and fetal systemic inflammation have also been associated 
with PPROM, PVL, and cerebral palsy.43 Although no data 
suggest that immediate delivery on admission with PROM 
will avert these sequelae, these findings highlight the impor
tance o f restricting conservative management after PROM to 
circumstances in which there is the potential to reduce neo
natal morbidity through either antenatal corticosteroid

administration or extended pregnancy prolongation for fetal 
maturation.

Pulmonary hypoplasia is a severe complication o f oligohy
dramnios in the second trimester that results from a lack 
of terminal bronchiole and alveolar development during 
the canalicular phase o f pulmonary development.44 It is most 
accurately diagnosed pathologically using radial alveolar counts 
and lung weights.45 Clinical findings, such as a small chest 
circumference with severe respiratory distress and persistent pul
monary hypertension in the newborn, and radiographic find
ings— small, well-aerated lungs with a bell-shaped chest and 
elevation of the diaphragm— are also supportive of the diagno
sis. W hether because of fluid efflux and tracheobronchial col
lapse after membrane rupture or through loss of intrinsic factors 
within the tracheobronchial fluid, pulmonary hypoplasia devel
ops over weeks after membrane rupture. Pulmonary hypoplasia 
complicated an average of about 6% of cases in series of midtri
mester PROM and carries a 70% mortality rate.46 Its incidence 
is inversely correlated with gestational age at membrane rupture, 
and it complicates nearly 50% of cases with membrane rupture 
before 19 weeks and prolonged latency.44,4 The frequency of 
pulmonary hypoplasia can be as high as 74% to 82% with 
PROM at 15 to 16 weeks, persistent oligohydramnios, and a 
latency of 28 days.48 Lethal pulmonary hypoplasia rarely occurs 
with PROM after 26 weeks’ gestation (0% to 1.4%).49 However, 
other pulmonary complications such as pneumothorax and 
pneumomediastinum related to poor pulmonary compliance 
and high ventilatory pressures can occur with lesser degrees of 
this condition. Restriction deformities occur in about 1.5% of 
infants delivered after conservative management after midtri
mester PROM but complicate up to 27% of fetuses with pro
longed oligohydramnios.36,50

DIAGNOSIS OF PREMATURE RUPTURE 
OF THE MEMBRANES
The diagnosis of PROM involves clinical history and physical 
examination as well as laboratory evaluation in some cases.

The diagnosis o f membrane rupture is confirmed by the 
presence o f the following findings:

• Visualization of amniotic fluid passing from the cervical 
canal or

• Vaginal sidewall or posterior fornix pH of more than 6.0 
to 6.5 and

• Microscopic arborized crystals (“ferning”), owing to the 
interaction of amniotic fluid proteins and salts, from dried 
vaginal secretions obtained by swabbing the posterior 
fornix with a sterile swab.

False-positive pH results may occur with blood or semen 
contamination, alkaline antiseptics, or bacterial vaginosis. Cervi
cal mucus can yield a false-positive ferning pattern; however, the 
crystals appear as more of a floral pattern. The fern pattern in 
samples heavily contaminated with blood is atypical and appears 
more “skeletonized.” Prolonged leakage with minimal residual 
fluid can result in a false-negative result on visual inspection or 
pH or ferning testing. If the diagnosis is equivocal after initial 
testing, the patient can be placed in a Trendelenburg position 
and reexamined after a few hours. The diagnosis of membrane 
rupture can be made unequivocally by ultrasound-guided dye 
amnioinfusion (1 mL indigo carmine plus 9 mL sterile saline), 
followed by observation for passage of dye onto a perineal pad. 
Although oligohydramnios without evident fetal urinary
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Chapter 30 Premature Rupture of the Membranes 651

tract malformations or fetal growth restriction may be 
suggestive o f membrane rupture, ultrasound alone is not 
definitive.

Noninvasive cervicovaginal markers such as fFN, alpha
fetoprotein, prolactin, human chorionic gonadotropin (hCG), 
placental OC-microglobulin 1 (PAMG-1), and insulin-like growth 
factor-binding protein 1 (IGFBP-1) have been studied for 
their ability to confirm or exclude membrane rupture, but 
most are unavailable for clinical use. Such testing is unneeded 
when the diagnosis is confirmed clinically. Further, although 
membrane rupture can be confirmed by the presence of 
PAMG-1 in cervicovaginal secretions, and the test’s accuracy is 
relatively unaffected by the presence of blood,51 it has also been 
found to be present in nearly one third of laboring women and 
in 1 of 20 nonlaboring women without suspected membrane 
rupture.52

MANAGEMENT OF PREMATURE RUPTURE 
OF THE MEMBRANES 
General Considerations
Management o f PROM is based primarily on an individual 
assessment o f the estimated risk for fetal and neonatal com
plications should conservative management or delivery be 
pursued. The risks for maternal morbidity should also be 
considered, particularly when PROM occurs before the limit 
of potential viability (currently 23 weeks’ gestational age). 
Regional factors may impact the potential risks and benefits of 
conservative management. In populations where the risk of 
intrauterine infection is high and the potential for extended 
latency without complications is low, the focus will tend to be 
on acceleration of fetal maturation, prevention of intrauterine 
infection, and delivery if  fetal benefit from prolonged latency is 
not anticipated. Alternatively, in populations at low risk for 
intrauterine infection and with higher potential for prolonged 
latency, conservative management may be appropriate at a more 
advanced gestational age.

The diagnosis of membrane rupture is confirmed and the 
duration of membrane rupture is determined to assist the pedi
atric caregivers with subsequent management decisions. The 
patient is assessed for fetal presentation, contractions, findings 
suggestive of intrauterine infection, and evidence of fetal well
being. GBS carriage is ascertained, if  available, from a recent 
anovaginal culture performed within the previous 5 weeks.

In general, digital cervical examinations should be 
avoided until it is determined that delivery is inevitable 
because such examination has been associated with a short
ening o f latency from membrane rupture to delivery. 3 Visu
alization of the cervix during a sterile speculum examination 
offers helpful information regarding cervical dilation and efface
ment. Brown and colleagues54 found visual estimation to be 
within 1 cm of digitally determined cervical dilation in 64% 
and within 2 cm in 84% of examinations, whereas visually esti
mated cervical effacement was within 1 cm in 83% of cases. In 
addition to providing confirmatory evidence of membrane 
rupture, sterile speculum examination can provide the opportu
nity to inspect for cervicitis and to obtain appropriate cervical 
and vaginal cultures.

The benefit of narrow-spectrum intrapartum prophylaxis with 
intravenous (IV) penicillin G (5 million U and then 2.5 to
3 million U every 4 hr) or ampicillin (2 g IV, then 1 g IV every
4 hr) to prevent vertical transmission and early-onset neonatal

GBS sepsis from maternal GBS carriers has been well estab
lished, and the Centers for Disease Control and Prevention 
(CDC) published a revised guideline for the prevention of peri
natal group B streptococcal disease in November 2010.55,56 
Current indications for intrapartum GBS prophylaxis and alter
native antibiotic regimens for those with a penicillin allergy are 
discussed in Chapter 54. Known GBS carriers with PROM at 
any gestation and those with PPROM and unknown GBS status 
should receive intrapartum prophylaxis regardless of prior anti
biotic treatment. GBS carriers with PROM and chorioamnion
itis should receive broad-spectrum intrapartum antibiotic 
therapy, including agents effective against GBS. If chorioamnio
nitis is not suspected clinically and there is a recent negative 
anovaginal culture for GBS, intrapartum antibiotics should not 
be administered because of the potential for selection of resistant 
organisms should neonatal sepsis occur.57

Although practice varies regarding the management of 
PPROM, general consensus has been reached in regard to some 
issues. Gestational age should be established based on clinical 
history and earliest ultrasound assessment where available (Fig.
30-1). Ultrasound should be performed to assess fetal growth 
and position, residual amniotic fluid volume, and gross fetal 
abnormalities that might cause polyhydramnios and PROM. 
Those with advanced labor, intrauterine infection, significant 
vaginal bleeding, or nonreassuring fetal testing are best delivered. 
If conservative management o f PPROM is to be pursued, the 
patient should be admitted to a facility capable o f providing 
emergent delivery for placental abruption, fetal malpresenta
tion in labor, and fetal distress due to umbilical cord com
pression or in utero infection. The facility should also be 
capable o f providing 24-hour neonatal resuscitation and 
intensive care because conservative management should gen
erally be performed only when significant risk for neonatal 
morbidity and mortality is present. If the need for transfer to 
a tertiary care facility is anticipated, this should occur early in 
the course of management to avoid emergent transfer once deliv
ery is imminent or complications arise.

Management of Premature Rupture 
of the Membranes at Term
Despite some past controversy, studies have found that induc
tion with oxytocin after PROM at term does not increase the 
risks for perinatal infection or cesarean delivery.28,58'61 In fact, 
the largest prospective study to date has found that oxytocin 
induction after PROM at term reduces the duration of mem
brane rupture after PROM (median, 17.2 vs. 33.3 hr), and the 
frequencies of chorioamnionitis (4% vs. 8.6%) and postpartum 
fever (1.9% vs. 3.6%; P  < .008 for each), without increasing 
cesarean deliveries (13.7% vs. 14.1%) or neonatal infections 
(2% vs. 2.8% ).28 An additional benefit of early oxytocin induc
tion in this trial was a reduction in neonatal antibiotic therapy 
(7.5% vs. 13.7%; P  < .001). Meta-analysis of 12 studies that 
comprised a total of 6814 women and studied early delivery 
versus expectant management for PROM at term confirmed less 
frequent chorioamnionitis and endometritis with planned deliv
ery, with no increases in caesarean delivery or neonatal infec
tion.62 Fewer infants in the early delivery group required neonatal 
intensive care unit (NICU) or special care admission. Analysis 
of studies of prostaglandin versus oxytocin induction after 
PROM at or near term found increased chorioamnionitis (odds 
ratio [OR], 1.51; 95% confidence interval [C l], 1.07 to 2.12), 
neonatal infection (OR, 1.63; 95% C l, 1 to 2.66), and a
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652 Section V Complicated Pregnancy

FIG 30-1 Initial assessment and management of women with preterm premature rupture of the membranes. (From Mercer BM. Preterm pre
mature rupture of the membranes: diagnosis and management. Clin Perinatol. 2004;31:765.)

prolonged NICU stay (OR, 1.43; 95% CI, 1.07 to 1.91) without 
improvement in cesarean delivery rates (OR, 0.92; 95% CI,
0.73 to 1.16) with prostaglandin treatment.63 This meta-analysis 
was dominated by the TermPROM trial,28 which found shorter 
latency from membrane rupture to delivery with oxytocin 
than with prostaglandin therapy (median, 17.2 vs. 23 hours; 
P  <.001). Taken together, these data suggest that women with 
PROM at term should be offered early delivery, generally 
with a continuous oxytocin infusion, to reduce the risk for 
maternal and neonatal complications. Adequate time for 
latent phase of labor should be allowed. During labor, transcervi
cal amnioinfusion of warm normal saline solution may prove 
useful if  significant umbilical cord compression is suspected and 
immediate delivery is not required.64,65

Management of Preterm Premature 
Rupture of the Membranes Near Term 
(32 to 36 Weeks)
Severe acute newborn complications are uncommon when 
preterm birth occurs between 34 and 36 weeks’ gestation. 
Antenatal corticosteroids for fetal maturation and magnesium 
sulfate for fetal/neonatal neuroprotection are not usually admin
istered in this gestational age range.1' Alternatively, conservative

management after PROM at 34 to 36 weeks’ gestation only 
briefly prolongs pregnancy while increasing the likelihood 
o f chorioamnionitis (16% vs. 2%; P — .001) without prevent
ing neonatal complications.66,67 A recent multicenter study 
regarding this issue suggested conservative management of 
women without GBS colonization to be preferable because 
newborn complications were not reduced with early delivery 
after PROM at 34 to 37 weeks’ of gestation.68,65 Whereas 
chorioamnionitis was twofold more common (5.6% vs. 2.3%, 
P  = .045), conservative management was associated with less 
frequent newborn hypoglycemia and hyperbilirubinemia. As 
such, conservative management o f PROM that occurs at 34 
to 37 weeks might be an option i f  the risk o f intrauterine 
infection is considered to be low.

Management o f the woman with PROM at 32 to 33 weeks’ 
gestation is more controversial because pulmonary and 
other gestational age-dependent complications can occur, 
but the likelihood o f survival at this gestation is high and 
long-term complications are uncommon. Neerhoff and col
leagues67 found modest benefits in the duration of newborn 
hospital stay and the frequency of hyperbilirubinemia with con
servative management at 32 to 33 weeks’ gestation. Alternatively, 
two prospective trials that compared early delivery and conserva
tive management of PROM near term have provided useful
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Conservative management 
for antenatal corticosteroid 

benefit with concurrent 
antibiotic therapy

r i
Delivery after 
24-48 hours

Delivery at 
34 weeks

Intrapartum group B Streptococcus prophylaxis 
if no recent negative anovaginal culture

Broad-spectrum antibiotics if amnionitis

FIG 30-2 Management algorithm for preterm premature rupture of the membranes (PROM) near term (32 to 36 weeks' gestation). (From Mercer 
BM: Preterm premature rupture of the membranes: diagnosis and management. Clin Perinatol. 2004:31:765.)

insights. Cox and coworkers found conservative management of 
PROM at 30 to 33w weeks’ gestation to increase latency only 
briefly (59% vs. 100% delivered within 48 hr; P  < .001).70 In a 
study of PROM at 32 to 366/7 weeks’ gestation, Mercer and 
colleagues 1 observed only a 24-hour increase in latency with 
conservative management (36 vs. 14 hours; P < .001). However, 
both studies noted that conservative management increased the 
risk for chorioamnionitis (15% vs. 2%, P  = .009 and 27.7%  vs. 
10.9%, P  = .06, respectively) without evident reductions in 
newborn complications. Secondary analysis of those with 
PROM at 32 to 336/7 weeks’ gestation in the latter trial revealed 
similar trends regarding latency, infection, and infant morbidi
ties.72 The potential for umbilical cord compression during con
servative management of PROM is highlighted by one stillbirth 
and the high incidence of nonreassuring FHR patterns found 
on intermittent monitoring in these studies.70 71

At 32 to 33 weeks’ gestation, it can be helpful to assess 
fetal pulmonary maturity and to treat with antenatal corti
costeroids those pregnancies without documented fetal 
maturity. Either vaginal pool or amniocentesis specimens can 
be used for testing. Because of the increased potential for inad
vertent fetal or umbilical cord puncture during amniocentesis 
when the amniotic fluid volume is decreased, vaginal pool 
specimen collection is preferable if  an adequate specimen can 
be obtained. If amniocentesis is required, color Doppler imaging 
can be helpful in differentiating umbilical cord loops from a 
small residual fluid pocket. Pulmonary phospholipids are not 
present in lavage fluid from the vagina when the membranes are 
intact.73 Studies of women with ruptured membranes have

found a high concordance rate (89% to 100%) between speci
mens collected vaginally and by amniocentesis for pulmonary 
phospholipids such as lecithin, phosphatidylglycerol (PG), 
phosphatidylinositol, phosphatidylethanolamine, and phospha- 
tidylserine.74 Lewis and associates75 found no cases of RDS 
among infants delivered after a mature PG result from vaginal 
pool fluid. Similarly, in a study of vaginally collected samples, 
Russell and associates76 found no cases of RDS after a mature 
lecithin-to-sphingomyelin (L/S) ratio or PG result. The presence 
of PG on perineal pad-collected fluid is predictive of fetal pul
monary maturity (97.8%), and its absence is predictive of pul
monary immaturity (33.7% ).77 The lamellar body count (LBC; 
>50,000 is considered mature) may be performed from vaginally 
collected amniotic fluid specimens and has been shown by some 
to have a high predictive value for fetal pulmonary maturity.78 
Amniotic fluid pulmonary maturity testing can be confounded 
by the presence of contaminants such as blood and meconium 
(see Chapter 11). Realistically, delivery should be considered if 
significant blood or meconium is present in a vaginal pool or an 
amniocentesis specimen after PROM.

Based on the available data, early delivery should be pursued 
when PROM occurs at 34 to 36 weeks’ gestation (Fig. 30-2). 
The infant delivered after PROM at 30 to 33 weeks’ gestation 
is at risk for infectious and other gestational age-dependent 
morbidities, but evidence of fetal pulmonary maturity at 32 to 
336/7 weeks’ gestation suggests a low risk for complications with 
immediate delivery. Because of the increased risk for infectious 
morbidity and potential for occult umbilical cord compression 
with conservative management, delivery should be initiated
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654 Section V Complicated Pregnancy

before complications ensue i f  there is documented fetal pul
monary maturity after PROM at 32 to 33 weeks. If fetal 
pulmonary maturity is not evident on testing, or if  amniotic 
fluid cannot be obtained for testing, conservative management 
with antenatal corticosteroid administration for fetal maturation 
and antibiotic therapy to reduce the risk for infection (see below) 
is appropriate. The issue of continued conservative management 
versus delivery after steroid treatment is a matter of opinion. 
Pragmatically, if  elective delivery is planned within 1 week, it is 
unlikely that prolonging the pregnancy further w ill offer more 
opportunity for significant additional fetal maturation, and 
delivery should be considered after steroids have been adminis
tered. Alternatively, if  several weeks of conservative management 
are to be attempted, there may be benefit to continuing the 
pregnancy.

Management of Preterm Premature 
Rupture of the Membranes Remote From 
Term (23 to 31 Weeks)
Infants born at 23 to 31 weeks’ gestation are at increased risk 
for perinatal death, and survivors commonly suffer acute and 
long-term complications. Pregnancy prolongation can reduce 
these risks, and because o f this, inpatient conservative man
agement is generally attempted unless intrauterine infection, 
significant vaginal bleeding, placental abruption, or advanced 
labor is evident or fetal testing becomes nonreassuring. Fetal 
malpresentation, funic presentation, human immunodeficiency 
virus (HIV), and primary herpes simplex virus (HSV) are exam
ples of exceptions that might warrant expeditious delivery 
because of the increased potential for fetal death or infection 
with prolonged membrane rupture.

During conservative management, initial care generally 
consists o f prolonged continuous FHR and maternal con
traction monitoring for evidence o f umbilical cord compres
sion and occult contractions and to establish fetal well-being. 
If initial testing is reassuring, the patient can be transferred to 
an inpatient ward for modified bed rest (Fig. 30-3). Because the 
fetus with PPROM remote from term is at risk for heart rate 
abnormalities resulting from umbilical cord compression, fetal 
assessment should be performed at least daily. More frequent or 
continuous monitoring may be appropriate if  intermittent FHR 
decelerations are present but findings are otherwise reassuring. 
Although both nonstress and biophysical profile testing have the 
ability to confirm fetal well-being in the setting of PPROM, 
FHR monitoring offers the opportunity to identify periodic 
heart rate changes and allows concurrent evaluation of uterine 
activity. Biophysical profile (BPP) testing may be confounded 
by the presence of oligohydramnios but can be helpful should 
the nonstress test (NST) result be equivocal (see Chapter 11). 
Although a low initial amniotic fluid index is associated with 
shorter latency and an increased risk for chorioamnionitis, 
it does not accurately predict who will ultimately develop 
these complications and should not be used in isolation to 
make management decisions. Prolonged bed rest in pregnancy 
may increase the risk for deep venous thrombosis (DVT).79 
Preventive measures such as leg exercises, antiembolic stockings, 
and/or prophylactic doses of subcutaneous heparin should be 
considered during conservative management of PROM (see 
Chapter 45).

Twofold to fourfold increases in perinatal mortality, IVH, 
and neonatal sepsis have been reported in infants born after

FIG 30-3 Management algorithm for preterm premature rupture of the 
membranes (PROM) remote from term (23 to 31 weeks' gestation). 
(From Mercer BM. Preterm premature rupture of the membranes: 
diagnosis and management. Clin Perinatol. 2004;31:765.)

chorioamnionitis compared with gestational age—matched con
trols born to noninfected mothers.33 The clinical diagnosis is 
made when maternal fever (temperature >38° C [100.4° F]) 
with uterine tenderness and maternal or fetal tachycardia 
are identified in the absence o f another evident source of 
infection. The maternal white blood cell (WBC) count can 
be helpful if clinical findings are equivocal. An increase in 
the W BC count from a baseline level obtained on admission 
is suggestive of infection but may be artificially elevated if 
antenatal corticosteroids have been administered within 5 to 
7 days. If additional confirmation of intrauterine infection 
is required, amniocentesis may be helpful.11'80 A positive 
amniotic fluid culture is also supportive of a clinical suspicion 
of clinical chorioamnionitis (sensitivity, 65% to 85%; specific
ity, 85%), but the clinical diagnosis will likely become clear 
during the 48 hours needed to achieve a culture result. An 
amniotic fluid glucose concentration below 16 to 20 mg/dL 
(sensitivity and specificity, 80% to 90% for positive culture) or 
a Gram stain positive for bacteria are supportive of a clinically 
suspicious diagnosis of chorioamnionitis and can be rapidly 
obtained. However, the presence of WBCs only in amniotic 
fluid is not diagnostic of intrauterine infection after PROM. 
Elevated amniotic fluid interleukin levels have also been associ
ated with an increased risk for early delivery and perinatal infec
tious morbidity, but cytokine analyses are not readily available 
in most clinical laboratories,80 which limits their utility in 
clinical practice. Once chorioamnionitis is diagnosed, broad- 
spectrum antibiotics should be initiated and delivery should 
be pursued.

Corticosteroid Administration
A single course of antenatal corticosteroids, either betametha
sone (12 mg intramuscularly [IM] every 24 hr for two doses) or

ak
us

he
r-li

b.r
u



Chapter 30 Premature Rupture of the Membranes 655

dexamethasone (6 mg IM every 12 hours for four doses) before 
anticipated preterm birth has been shown to reduce the risks for 
RDS, IVH, NEC, perinatal death, and long-term neurologic 
morbidities. Meta-analysis regarding antenatal corticosteroid 
administration after PPROM has confirmed steroid therapy 
to significantly reduce the risks for RDS (20% vs. 35.4% ), 
IVH (7.5% vs. 15.9%), and NEC (0.8% vs. 4.6%) without 
increasing the risks for maternal (9.2% vs. 5.1%) or neonatal 
(7.0% vs. 6.6%) infection.*1

Repeated courses of antenatal corticosteroids after PPROM 
have been associated with increased newborn infection in some 
studies and have not been consistently associated with improve
ments in newborn outcomes.82 Ghidini and colleagues83 found 
less IVH and chorioamnionitis but no reduction in the risk 
for RDS with repeated antenatal corticosteroid doses. Alterna
tively, Abbasi and associates82 observed a lower risk for RDS with 
more than one course of antenatal corticosteroids after PROM 
(34.9% vs. 45.2% ). Given the potential risks and the lack of 
clear data supporting the benefit of repeated weekly antenatal 
corticosteroid administration, such treatment does not appear 
warranted. It remains to be determined whether a single repeat 
“rescue” course could benefit the woman who receives an initial 
course of antenatal corticosteroids after PROM near the lim it 
of viability but then remains pregnant through 30 to 33 weeks’ 
gestation.

Antibiotic Administration
The goal o f antibiotic therapy during conservative manage
ment o f PPROM remote from term is to treat or prevent 
ascending infection in order to prolong pregnancy and 
reduce perinatal infectious and gestational age-dependent 
morbidity. Meta-analyses have summarized a large number of 
randomized controlled clinical trials in this regard.84'85 These 
evaluations suggest that antibiotic treatment significantly 
prolongs latency after membrane rupture and reduces cho
rioamnionitis, and treatment also reduces the frequencies 
of newborn complications that include neonatal infection, 
the need for oxygen or surfactant therapy, and IVH. Several 
published trials offer valuable insights regarding the potential 
role of adjunctive antibiotics in this setting. The National Insti
tutes of Child Health and Human Development Maternal Fetal 
Medicine Units (NICHD-MFM U) Research Network studied 
women with PPROM remote from term (24 to 32 weeks, 0 days’ 
gestation).86,87 Participants received 48 hours of broad-spectrum 
IV therapy (ampicillin 2 g every 6 hours and erythromycin 
250 mg every 6 hours), followed by 5 days of oral (PO) therapy 
(amoxicillin 250 mg every 8 hours and enteric-coated erythro
mycin base 333 mg every 8 hours) or a matching placebo. GBS 
carriers in both study arms received ampicillin for 1 week and 
then again in labor. Antibiotic treatment doubled the likelihood 
of remaining undelivered after 7 days, and this benefit persisted 
up to 3 weeks after randomization, suggesting that antibiotics 
successfully treat, rather than just suppress, subclinical infection. 
Antibiotics improved neonatal health by reducing the number 
of babies with one or more major infant complications from 
53% to 44% (composite morbidity: death, RDS, early sepsis, 
severe IVH, severe NEC; P < .05) and also reduced individual 
newborn complications, including RDS (40.5% vs. 48.7% ), 
stage 3 or 4 NEC (2.3% vs. 5.8%), patent ductus arteriosus 
(11.7% vs. 20.2% ), and CLD (bronchopulmonary dysplasia: 
20.5% vs. 13.0%; P  < .05 for each). Regarding individual 
infectious morbidities, antibiotics reduced the frequencies of

chorioamnionitis overall (32.5% vs. 23%), and also neonatal 
sepsis (8.4% vs. 15.6%) and pneumonia (2.9% vs. 7%), among 
those who were not GBS carriers (/*5= .04 for each). In a second 
multicenter placebo-controlled trial, Kenyon and colleagues88 
studied oral therapy with erythromycin, amoxicillin—clavulanic 
acid, or both for up to 10 days after PPROM before 37 weeks’ 
gestation. In summary, erythromycin prolonged latency only 
briefly (not significant at 7 days) but did reduce the need for 
supplemental oxygen (31.1% vs. 35.6%) and the frequency 
of positive blood cultures (5-7% vs. 8.2%; P  = .02 for both). 
Amoxicillin—clavulanic acid prolonged pregnancy (43.3% vs. 
36.7% undelivered at 7 days) and reduced the need for supple
mental oxygen (30.1% vs. 35.6%) but increased the risk for 
NEC (1.9% vs. 0.5%; P  S  .05 for each). Long-term follow-up 
of infants delivered within this trial revealed no evident dif
ferences between antibiotic and control groups.89 Subsequent 
studies have attempted to determine whether the duration of 
antibiotic therapy could be shortened but are of inadequate size 
and power to evaluate infant outcomes adequately.

In summary, there is a role for a 7-day course o f parenteral 
and oral antibiotic therapy with erythromycin and amoxicil- 
lin-ampicillin during conservative management o f PROM 
remote from term, to prolong latency and to reduce infec
tious and gestational age-dependent neonatal complications. 
Extended-spectrum ampicillin-clavulanic acid treatment is 
not recommended because it may be harmful.

Magnesium Sulfate for Neuroprotection
Administration o f magnesium sulfate before early PTB will 
improve long-term infant outcomes and is recommended 
for anticipated deliveries before 32 weeks’ gestation after 
PPROM regardless of attempts at conservative management. 11 
In a large multicenter trial that studied this issue, 92% of par
ticipants had PROM before 32 weeks’ gestation, and treatment 
was effective in preventing moderate/severe cerebral palsy 
(1.9% vs. 3.9%, P=  .03) and cerebral palsy overall (4.2% vs. 
7.3% , P ~ .004) by 2 years of age.91 Magnesium sulfate was 
administered as a bolus of 6 g followed by an infusion of 2 g/ 
hr for 12 hours if  undelivered (or continued for imminent 
delivery). Retreatment was attempted for those initially undeliv
ered and those who subsequently delivered before 34 weeks 
gestation.

Tocolysis
Limited evidence suggests that prophylactic tocolysis, adminis
tered after PPROM and before the onset of contractions, can 
prolong pregnancy briefly.92 However, therapeutic tocolysis in iti
ated only after the onset of contractions has not been shown 
to prolong latency after PPROM. A report from the National 
Institutes of Health (NIH) collaborative study on antenatal 
steroids suggested an association between tocolytic treatment 
after PPROM and subsequent neonatal RDS, but subsequent 
small prospective studies have found neither an increase nor a 
decrease in neonatal complications with such tocolytic treat
ment.93 Although it is plausible that tocolysis could facilitate 
initial uterine quiescence to allow additional time for antibiotic 
and corticosteroid benefits, no studies have been done of therapy 
with traditional tocolytic agents after PPROM in which concur
rent antenatal corticosteroid and antibiotic treatments were 
given. Further, weekly progesterone treatment failed to prolong 
latency after PROM in a recent small, randomized controlled 
trial.9' Pending further study, tocolysis and progesterone
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656 Section V Complicated Pregnancy

therapy are not recommended during conservative manage
ment o f PPROM.

Cervical Cerclage
PPROM is a common complication after cervical cerclage place
ment, and it affects about one in four elective cerclages and half 
of emergent procedures.95 Retrospective studies reveal that peri
natal complications are similar to PROM without a cerclage if 
the stitch is removed on admission.96 A single randomized con
trolled study of cerclage removal after PROM was discontinued 
when futility calculations determined that the power of the 
study would not be met. The investigation revealed no improve
ment in latency (56.3% vs. 45.8%  delivered within 1 week, 
P  = .59) and no improvement in newborn outcomes with cer
clage retention. Despite being 1.7-fold more common in the 
study population, cerclage retention was not significantly associ
ated with more frequent chorioamnionitis (41.7% vs. 25%, P = 
.25).97 Retrospective studies that compared stitch removal and 
retention after PPROM have been small but have yielded con
sistent patterns.98,99 Each has found insignificant trends toward 
increased maternal infections and only brief pregnancy prolon
gation; one study noted increased infant mortality and death 
due to sepsis when the cerclage was retained after PROM.98 
Because no well-controlled study has found cerclage reten
tion to improve newborn outcomes after PROM, early cer
clage removal is recommended when PROM occurs. The risks 
and benefits of short-term cerclage retention during antenatal 
corticosteroid are unknown.

Herpes Simplex Virus
Neonatal HSV infection most commonly results from direct 
maternal-fetal transmission during delivery, with newborn infec
tion rates of 34% to 80% after primary and 1% to 5% after 
secondary maternal infection."10 When neonatal HSV infection 
occurs, the infant mortality rate is 50% to 60%, and up to 50% 
of survivors will suffer serious sequelae.101 Based on small case 
series of women with an active maternal genital HSV infection 
by Gibbs and colleagues102 (n = 9) and Nahmias and colleagues 
(n = 26), both in 1971, the accepted belief has been that 
extended latency after membrane rupture (>4 to 6 hours) is 
associated with an increased risk for newborn infection. Major 
and coworkers103 have reported on a case series of 29 gravidas 
managed expectandy with PROM before 32 weeks’ gestation 
with active recurrent HSV lesions. Latency after membrane 
rupture ranged from 1 to 35 days, and cesarean delivery was 
performed if  active lesions were present at the time of delivery. 
None of the infants delivered under this regimen developed 
neonatal herpes infection. These data support conservative 
management o f PROM complicated by recurrent maternal 
HSV infection when the likelihood o f infant mortality and 
long-term complications with early delivery is high. Prophy
lactic treatment with antiviral agents (e.g., acyclovir) to reduce 
viral shedding and the frequency of recurrences is prudent under 
this circumstance.

Management of Previable Premature Rupture 
of the Membranes
The cause o f PROM before the limit o f viability has implica
tions for the anticipated pregnancy outcome and can be 
helpful in guiding counseling and management. Previable
PROM subsequent to second-trimester amniocentesis is likely 
related to continued leakage of fluid through a small membrane

defect without concurrent infection. Under this circumstance it 
is likely that the membranes will reseal, and extended pregnancy 
can be anticipated. Alternatively, previable PROM subsequent 
to second-trimester bleeding, oligohydramnios, or an elevated 
maternal serum alpha-fetoprotein level more likely reflects an 
abnormality of placentation and has a poorer prognosis. The 
patient with previable PROM and no indication for immediate 
delivery should be counseled regarding the potential risks and 
benefits of conservative management. Counseling should include 
a realistic appraisal of fetal and neonatal outcomes and the risks 
for maternal complications.

Most available data regarding women with PPROM near 
the lim it of viability are derived from retrospective studies. In 
a review o f PPROM that occurred at or before 24  weeks’ 
gestation, Waters and Mercer36 found median latency to 
range from 6 to 13 days. Another recent evaluation found 
that 38% delivered within 1 week and 69% delivered within
5 weeks after periviable PROM .10** Other maternal risks 
during conservative management o f PROM at 24 weeks or 
less include chorioamnionitis (35%), abruptio placentae 
(19%), retained placenta (11% ), and endometritis (14% ).’ 
Maternal sepsis (0.8%) and death (1 in 6 19  pregnancies 
overall) are rare but serious complications. Conservative 
management can also lead to maternal muscle wasting, bone 
demineralization, and DVT due to prolonged bed rest. Overall, 
infant survival after conservatively managed periviable PROM 
occurs in 44% of cases, but this varies with gestational age at 
membrane rupture (14.4% before 22 weeks vs. 57.7% at 22 to
24 weeks). Stillbirth is common and complicates up to 23% to 
53% of cases. Neonatal complications include pulmonary hypo
plasia (19%), RDS (66%), grade III or IV intraventricular hem
orrhage (5%), sepsis (19%), and NEC (4%) as well as long-term 
complications such as bronchopulmonary dysplasia (29%), stage
III retinopathy of prematurity (5%), and contractures (3%). 
Prediction of individual outcomes is difficult because of the 
inability to predict the ultimate gestational age at delivery in any 
given case.

A potential management scheme for PROM before the limit 
of viability is presented in Figure 30-4. Consensus has not yet 
been reached regarding the advantages o f inpatient versus 
outpatient management for the patient who elects conserva
tive management after previable PROM. The benefits of an 
initial period of inpatient observation may include bed rest and 
pelvic rest to increase the opportunity for membrane resealing 
as well as early identification of infection, fetal demise, and 
abruption. A number of novel treatments, including amnioinfu
sion and fibrin-platelet-cryoprecipitate or Gelfoam sealing of the 
membranes, have been preliminarily investigated.105 108 The risks 
and benefits of these aggressive interventions have not been 
adequately studied to suggest that such therapy be incorporated 
into routine clinical practice. Typically, women with previable 
PROM who have been managed as outpatients are readmit
ted to the hospital once the pregnancy reaches the limit of 
viability. Administration of antenatal corticosteroids for fetal 
maturation is appropriate at the lim it of viability because early 
delivery is still anticipated.

During conservative management, serial ultrasound 
studies performed every 1 to 2 weeks can evaluate for 
reaccumulation o f amniotic fluid and interval pulmonary 
growth. Although persistent severe oligohydramnios is a strong 
marker for subsequent development of lethal pulmonary 
hypoplasia, serial fetal biometric evaluation (e.g., lung length,
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Chapter 30 Premature Rupture of the Membranes 657

FIG 30-4 Management algorithm for previable premature rupture of the membranes (PROM) before the limit of potential viability (currently 23 
weeks' gestation). PGE2, prostaglandin E2. (From Mercer BM. Preterm premature rupture of the membranes: diagnosis and management. Clin 
Perinatol. 2004;31:765.)

three-dimensional lung volume, chest circumference) and ratios 
that adjust for overall fetal size (thoracic-abdominal circumfer
ence, thoracic circumference—femur length) can demonstrate a 
lack of fetal pulmonary growth over time and have a high predic
tive value for lethal pulmonary hypoplasia.44,47,109,110 Studies of 
pulmonary artery and ductus arteriosus waveform modulation 
with fetal breathing movements have shown some promise but 
can be technically difficult to perform.

Some women w ill choose to not undertake the potential risks 
for maternal complications after previable PROM either after 
initial counseling or with evidence of developing pulmonary 
hypoplasia. Delivery can be accomplished by labor induction 
with vaginal prostaglandin E2, prostaglandin E, (misoprostol), 
high-dose IV oxytocin, or dilation and evacuation. The optimal 
approach depends on patient characteristics (e.g., gestational 
age, evident chorioamnionitis, prior cesarean delivery), available 
facilities, and physician experience.

SUMMARY

The potential for significant perinatal complications exists 
when PROM occurs at term or before term. Early delivery 
of the patient with PROM at or near term can reduce 
the risk for perinatal infections without increasing the 
likelihood of operative delivery. Careful conservative man
agement of PROM remote from term offers the potential 
to reduce infectious and gestational age—dependent mor
bidities. Early transfer to a facility capable of providing 
urgent obstetric and neonatal intensive care is important 
should adequate facilities not be available locally. Regard
less of the management approach, infants who deliver after 
PPROM and after PROM before the lim it of potential 
viability are at high risk for perinatal complications, many 
of which cannot be avoided with current technology and 
management algorithms.
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KEY POINTS

♦ PROM complicates about 8% to 10% of pregnancies 
and is a significant cause of gestational age—dependent 
and infectious perinatal morbidity and mortality.

♦ Latency from membrane rupture to delivery is typically 
brief and decreases with increasing gestational age at 
membrane rupture.

♦ Chorioamnionitis is common after PPROM and 
increases in frequency with decreasing gestational age at 
membrane rupture.

♦ Women with a prior preterm birth due to PROM have 
a 3.3-fold higher risk for subsequent preterm birth due 
to PROM and a 13.5-fold higher risk for PPROM 
before 28 weeks’ gestation.

♦ Some potentially preventable causes of PPROM include 
urogenital tract infections, poor maternal nutrition with 
a low body mass index (<19.8 kg/m2), and cigarette 
smoking.

♦ Vaginally collected amniotic fluid can reliably predict 
the presence of fetal pulmonary maturity after PPROM.

♦ Conservative management after PPROM with docu
mented fetal pulmonary maturity near term (32 to 36 
weeks) prolongs latency only briefly but increases the 
risk for perinatal infection and does not improve neo
natal outcomes.

♦ Antenatal corticosteroid administration and limited 
duration broad-spectrum antibiotic administration have 
been shown to reduce newborn complications when 
given in the setting of PROM remote from term.

♦ Cervical cerclage retention after PPROM has not been 
shown to improve neonatal outcomes.

♦ Lethal pulmonary hypoplasia is common after PROM 
that occurs before 20 weeks and can be predicted with 
serial ultrasound assessment of lung and chest growth.
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Hypertensive disorders are among the most common medical 
complications of pregnancy; the reported incidence is between 
5% and 10%,1,2 although incidence varies among different hos
pitals, regions, and countries. These disorders are a major cause 
of maternal and perinatal mortality and morbidity worldwide.3 
The term hypertension in pregnancy is commonly used to describe 
a wide spectrum of patients who may have only mild elevations 
in blood pressure (BP) or severe hypertension with dysfunc
tion of various organ systems. The clinical manifestations in 
these patients may be similar (e.g., hypertension, proteinuria); 
however, they may result from different underlying causes such 
as chronic hypertension, renal disease, or pure preeclampsia (PE). 
The three most common forms of hypertension that complicate 
pregnancy are (1) gestational hypertension, (2) preeclampsia, 
and (3) chronic essential hypertension.

D E F IN IT IO N S  
G e statio n a l H ypertension
Hypertension may be present before pregnancy, or it may be 
diagnosed for the first time during pregnancy. In addition, in 
some women, hypertension may become evident only during 
labor or during the postpartum period. For clinical purposes, 
women with hypertension may be classified into one of the 
three categories listed above; these are described further in Table 
31-1.1,2 Recently, the diagnosis of PE and its subtypes have been 
expanded and revised by the members of the American College 
of Obstetricians and Gynecologists (ACOG) Task Force on 
Hypertension in Pregnancy1:
• Systolic BP greater than 140 mm Hg but less than 160 

mm Hg or
• Diastolic BP greater than 90 mm Hg but less than 

110 mm Hg and
• These pressures must be observed on at least two occasions 4 

hours apart but no more than 7 days apart.4

Severe H ypertension
Severe hypertension refers to sustained elevations in systolic BP 
to at least 160 mm Hg and/or in diastolic BP to at least 
110 mm Hg for at least 4 hours or once if  the patient is receiving

oral antihypertensive agents or received intravenous (IV) anti
hypertensive medications prior to the 4-hour period.

Proteinuria
Proteinuria may also be present before pregnancy, or it may be 
newly diagnosed during pregnancy. The definition of proteinuria 
is the same no matter when it occurs:
• Greater than 0.3 g in a 24-hour urine collection or protein/ 

creatinine (P/C) ratio greater than 0.3. If it is not possible 
to measure 24-hour protein or P/C ratio, proteinuria  can 
be defined as a dipstick measurement of at least 1+ on two 
occasions.

• Protein excretion in the urine increases in normal pregnancy 
from approximately 5 mg/dL in the first and second trimes
ters to 15 mg/dL in the third trimester. These low levels 
are not detected by dipstick. The concentration of urinary 
protein is influenced by contamination with vaginal secre
tions, blood, bacteria, or amniotic fluid. It also varies with 
urine specific gravity and pH, exercise, and posture.

• Proteinuria usually appears after hypertension in the course 
of the disease process, but in some women, it may appear 
before hypertension.

Ed em a
Edema is defined as excessive weight gain (>4 lb [1.8 kg] in 1 
week) in the second or third trimester, and it may be the first 
sign of the potential development of PE. However, 39% of 
patients with eclampsia do not have edema.

P reeclam p sia and Eclam p sia
Preeclampsia is gestational hypertension (GH) plus protein
uria. Box 31-1 lists criteria for diagnosis of GH and PE. The 
ACOG Task Force on Hypertension in Pregnancy Group clas
sifies PE based on whether it is has severe features. The term 
mild preeclampsia has been removed from the ACOG classifica
tion system and should not be used in clinical practice.

It is recognized that some women with GH may have 
undiagnosed chronic hypertension, whereas others will sub
sequently progress to develop the clinical syndrome of 
preeclampsia. In general, the likelihood of progression to PE

TABLE 31-1 HYPERTENSIVE DISORDERS OF PREGNANCY

C LIN IC AL FINDINGS CHRONIC HYPERTENSION G ESTATIO N AL HYPERTENSION* PREECLAMPSIA

Tim e of onset o f hypertension <20 wk >20 wk Usually in third trimester
Degree o f hypertension M ild or severe M ild M ild  or severe
Proteinuria* Absent Absent Usually present
Cerebral symptoms M ay be present Absent Present in 30%
Hemoconcentration Absent Absent Severe disease
Thrombocytopenia Absent Absent Severe disease
Hepatic dysfunction Absent Absent Severe disease

*Defined as 1+ or more (or protein/creatinine ratio >0.30) by dipstick testing on two occasions or 300 mg or more in a 24-hour urine collection or protein.

ak
us

he
r-li

b.r
u



Chapter 31 Preeclampsia and Hypertensive Disorders 663

BOX 31-1 CRITERIA FOR MILD GESTATIONAL 
HYPERTENSION IN HEALTHY PREGNANT WOMEN

• Systolic blood pressure >140 m m  Hg but <160 m m  Hg 
and diastolic blood pressure >90 m m  Hg but
<110 m m  Hg

• Proteinuria o f <300 mg per 24-hr collection
• Platelet count o f >100,0 0 0 /m m 3
• Norm al liver enzym es
• Absent m aternal sym ptom s
• Absent intrauterine grow th  restriction and  

oligohydram nios by ultrasound

TABLE 31-2 RECOMMENDED CRITERIA TO DIAGNOSE 
PREECLAMPSIA IN WOMEN WITH 

____________ PREEXISTING MEDICAL CONDITIONS
CO NDITIO N CRITERIA NEEDED

Hypertension only Proteinuria of >300 mg per 24 hr or
thrombocytopenia

Hypertension plus proteinuria Worsening severe hypertension plus
(renal disease or class F proteinuria and either new onset
diabetes) of symptoms, thrombocytopenia,

or elevated liver enzymes

60 
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FIG 31-1 Rate of progression from gestational hypertension to pre
eclampsia by gestational age at diagnosis. (Data from references 5, 
6, 7, and 8.)

depends on gestational age at time of diagnosis, with higher 
rates if  the onset of hypertension is before 35 weeks’ gestation 
(Fig. 31-1).5-8

Criteria for Preeclampsia or Gestational Hypertension 
With Severe Features
Preeclampsia, or gestational hypertension with severe features, is 
defined when either disorder is present in association with any 
of the following abnormalities:
• Systolic BP greater than 160 mm Hg or diastolic BP greater 

than 110 mm Hg on two occasions at least 4 hours apart 
while the patient is on bed rest or once if  the patient has 
received prior antihypertensive therapy. Prompt treatment is 
recommended for severe BP values that are sustained for 
longer than 30 minutes.

• New-onset persistent cerebral symptoms (headaches) or visual 
disturbances

• Impaired liver function as indicated by abnormally elevated 
liver enzymes (at least twice the upper lim it of normal [ULN]); 
severe, persistent right upper quadrant or epigastric pain that 
is unresponsive to medications and not accounted for by an 
alternative diagnosis; or both

• Pulmonary edema
• Thrombocytopenia (platelet count <100,000/|J,L)
• Progressive renal insufficiency (serum creatinine >1.1 mg/dL) 

It is important to note that the amount of proteinuria, pres
ence of oliguria, and presence of intrauterine growth restriction 
(IUGR) or fetal growth restriction (FGR) by ultrasound have 
been removed as criteria for the diagnosis of severe disease.

Eclampsia is defined as the occurrence o f seizures after the 
second half o f pregnancy not attributable to other causes.

Ch ro n ic H ypertension
Chronic hypertension is defined as hypertension present prior to 
pregnancy or that is diagnosed before 20 weeks of gestation. 
Hypertension that persists for more than 3 months postpartum 
is also classified as chronic hypertension.2-3

Chronic Hypertension With Superimposed Preeclampsia
Women with chronic hypertension may develop superimposed 
preeclampsia, which increases morbidity for both the mother 
and fetus. The diagnosis of superimposed PE is based on one 
or both of the following findings: development of new-onset 
proteinuria, defined as the urinary excretion of 0.3 g or more of 
protein in a 24-hour specimen or a P/C ratio greater than 0.3 
in women with hypertension and no proteinuria before 20 
weeks’ gestation; or, in women with hypertension and protein
uria before 20 weeks, severe exacerbation in hypertension plus 
development of symptoms or thrombocytopenia and abnormal 
liver enzymes (Table 31-2).11011

The ACOG Task Force report on hypertension in pregnancy 
recommended that superimposed preeclampsia be stratified 
into two groups to guide management: (1) superimposed p re
eclampsia, defined as a sudden increase in blood pressure that 
was previously well controlled or escalation of antihypertensive 
medications to control BP, or (2) new-onset proteinuria  (>300 mg/ 
24-hour collection or a P/C ratio >0.3), or a sudden and sus
tained increase in proteinuria in a woman with known protein
uria before conception or early in pregnancy.

A diagnosis of superimposed preeclampsia with severe fea
tures should be made in the presence of any of the following: 
(1) severe-range BP (>160 mm Hg systolic or >110 mm Hg 
diastolic) despite escalation of antihypertensive therapy; (2) per
sistent cerebral symptoms such as headaches or visual distur
bances; (3) significant increase in liver enzymes (at least two 
times the ULN concentration for a particular laboratory);
(4) thrombocytopenia (platelet count <100,000/jxL); or
(5) new-onset and/or worsening renal insufficiency.

G e sta tio n a l H ypertension
Gestational hypertension is the most frequent cause of 
hypertension during pregnancy. The incidence ranges between 
6% and 29% in nulliparous women2,4,12 and between 2% and 
4% in multiparous women.2 The incidence is markedly increased 
in patients with multiple gestations.13' 15 In general, most cases 
of GH develop at or beyond 37 weeks’ gestation, and thus 
the overall pregnancy outcome is usually similar to that seen 
in women with normotensive pregnancies (Table 31-3).4,5’12
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Section V Complicated Pregnancy

TABLE 31-3 P R E G N A N C Y  O U T C O M E  IN W O M E N  W IT H  M IL D  G E S T A T IO N A L  H Y P E R T E N S IO N

KN U IST ET A L 12 H AU TH ET A L 4 BARTON ET A L 5 S IB A I2

(n = 396) (n = 715) (n = 405) (n = 186)

Gestation at delivery (week)* NR 39.7 37.4* 39.1
Before 37 weeks (%) 5.3 7.0 17.3 5.9
Before 34 weeks (%) 1.3 1.0 4.9 1.6
Birthweight (g)* NR 3303 3038 3217
SGA (%) 1.5* 6.9 13.8 7.0
<2500 g (%) 7.1 7.7 23.5 NR
Abruptio placentae (%) 0.5 0.3 0.5 0.5
Perinatal deaths (%) 0.8 0.5 0 0

Modified from Sibai BM. Diagnosis and management of gestational hypertension and preeclampsia. Obstet Gynecol. 2003;102:181. 
*Mean values.
tWomen who developed hypertension at 24 to 35 weeks.
*Less than the third percentile.
NR, not reported; SGA, small for gestational age.

Proteinuria

Epigastric 
pain -<■

Bleeding<-

Nausea/ 
vomiting -<

Facial
edema

Pulmonary
edema

Ascites

Pleural
effusions

HELLP

Low platelets 
TLiver enzymes

FIG 31-2 Maternal manifestations in preeclampsia. CNS, central 
nervous system; DIC, disseminated intravascular coagulation; HELLP, 
hemolysis, elevated liver enzymes, and low platelets.

However, women with mild GH have higher rates of induction 
of labor.4

Maternal and perinatal morbidities are substantially increased 
in women with severe GH.2,4 Indeed, these women have 
increased risk for morbidity compared with women with mild 
PE. The rates of abruptio placentae, preterm delivery (at <37 
and 35 weeks), and small-for-gestational-age (SGA) infants in 
these women are similar to those seen in women with PE and 
severe features.2'16 It remains unclear whether this increase in 
preterm delivery is secondary to scheduled early delivery accord
ing to physician preference or whether it occurs because of a 
disease process.

PREECLAMPSIA
Preeclampsia is a form o f hypertension that is unique to 
human pregnancy. The clinical findings o f PE can manifest 
as either a maternal syndrome (Fig. 31-2) or a fetal syndrome
(Fig. 31-3).1719 In practice, the maternal syndrome of PE repre
sents a clinical spectrum with major differences between near- 
term PE without demonstrable fetal effects and PE that is 
associated with low birthweight and preterm delivery.17,20 PE is 
clearly a heterogeneous condition for which the pathogenesis 
may be different in women with various risk factors.1 "021 
The pathogenesis of PE in nulliparous women may be different 
than that in women with preexisting vascular disease, multifetal 
gestations, diabetes mellitus, or previous PE. In addition, the

FIG 31-3 Fetal manifestations of preeclampsia. FGR, fetal growth 
restriction.

pathophysiology of early-onset PE may be different than that of 
PE that develops at term, during labor, or in the postpartum
period.17'20'21

The incidence o f preeclampsia ranges between 2% and 7% 
in healthy nulliparous women.24’1" In these women, PE is 
generally mild, with the onset near term or during labor 
(75% of cases), and the condition conveys only a minimally 
increased risk for adverse fetal outcome." 1,2 In contrast, the 
incidence and severity of PE are substantially higher in women
with multifetal gestation 10, 13, 15,22 chronic hypertension, ’ pre
vious PE,23-28 pregestational diabetes mellitus, ' ’ or preexist
ing thrombophilias.31

Atypical Preeclampsia
The criteria for atypical preeclampsia include gestational pro
teinuria or FGR plus one or more of the following symptoms 
of preeclampsia: hemolysis, thrombocytopenia, elevated liver 
enzymes, early signs and symptoms of preeclampsia-eclampsia 
earlier than 20 weeks, and late postpartum preeclampsia- 
eclampsia (>48 hours postpartum).

Capillary Leak Syndrome: Facial Edema, 
Ascites and Pulmonary Edema, and 
Gestational Proteinuria
Hypertension is considered to be the hallmark for the diag
nosis o f preeclampsia. However, in some patients with PE, 
the disease may manifest as either a capillary leak (protein
uria, facial and vulvar edema, ascites, pulmonary edema); exces
sive weight gain, particularly during the second and early 
third trimester; or a spectrum o f abnormal hemostasis with 
multiple-organ dysfunction. These women usually present
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Chapter 31 Preeclampsia and Hypertensive Disorders 665

rjllM ik r

FIG 31-4 Vulvar edema in severe preeclampsia.

with clinical manifestations of atypical preeclampsia, such as 
proteinuria with or without facial edema, vulvar edema (Fig. 
31-4), excessive weight gain (>4 lb/wk), ascites, or pulmonary 
edema in association with abnormalities in laboratory values or 
presence of symptoms but without hypertension.32 Therefore we 
recommend that women with capillary leak syndrome with or 
without hypertension be evaluated for platelet, liver enzyme, and 
renal abnormalities. Those with symptoms such as new onset of 
unrelenting severe headache, severe visual disturbances, or 
abnormal blood tests should be considered to have PE.3-

Gestational Proteinuria
It is generally agreed that urine dipstick protein measurements 
should be performed at each prenatal visit after 20 weeks’ gesta
tion. Gestational proteinuria is defined as urinary protein excre
tion of at least 300 mg per 24-hour timed collection, P/C ratio 
greater than 0.3, or persistent proteinuria (>1+ on dipstick on 
at least two occasions at least 4 hr apart).1’3 In addition, new- 
onset proteinuria greater than 2+ on one occasion is strongly 
associated with proteinuria of greater than 300 mg in 24 hours. 
The exact incidence of gestational proteinuria progressing to 
preeclampsia is unknown; however, isolated gestational protein
uria was identified in 4% of women enrolled in two multicenter 
trials.33,34 In addition, these studies reported that 4.3%  to 7% 
of patients had combined GH and gestational proteinuria. Thus 
it appears that at least one third of women with gestational 
proteinuria may progress to PE.33,3'* Indeed, some authors 
have suggested that gestational proteinuria alone may herald the 
early manifestations of impending preeclampsia.33" In the 
absence o f other pathology, the patient should be treated as 
having potential PE and requires evaluation for the presence 
of symptoms; evaluation should include blood tests and fre
quent monitoring o f BP (at least twice per week or, alterna
tively, ambulatory home BP measurements), and the patient 
should be educated about the signs and symptoms o f PE. In 
addition, women in whom convulsions develop in associa
tion with hypertension and proteinuria during the first half 
of pregnancy should be considered to have eclampsia until 
proven otherwise. These women should undergo ultrasound

BOX 31-2 RISK FACTORS FOR PREECLAMPSIA

• N u llip a r ity
• A g e  >40 years
• P re g n an cy  w ith  ass is ted  re p ro d u c tio n
• In te rp re g n a n c y  in te rv a l >7 yea rs
• F a m ily  h is to ry  o f  p re e c la m p s ia
• W o m a n  b o rn  s m a ll fo r  g e s ta tio n a l age
• O b e s ity /g e s ta tio n a l d ia b e te s  m e llitu s
• M u lt ife ta l g e s ta tio n
• P reec lam ps ia  in p re v io u s  p re g n a n cy
• P oor o u tc o m e  in p re v io u s  p re g n a n cy
• Fetal g ro w th  re s tr ic t io n , p la ce n ta l a b ru p tio n , fe ta l dea th
• P re e x is tin g  m e d ic a l-g e n e tic  c o n d itio n s
• C h ro n ic  h y p e rte n s io n
• Renal d isease
• T ype  1 ( in s u lin -d e p e n d e n t) d ia b e te s  m e llitu s
• A n t ip h o s p h o lip id  a n tib o d y  s y n d ro m e
• F acto r V Le iden  m u ta tio n

examination o f the uterus to rule out molar pregnancy or 
hydropic/cystic degeneration o f the placenta. Measurement 
of uterine artery Doppler flow, which shows the classic “notch
ing” characteristic of increased resistance in the placenta of 
patients with PE, is also recommended.32

Risk Factors for Preeclampsia
Several factors have been identified with increased risk for pre
eclampsia (Box 31-2). Generally, PE is considered a disease 
of primigravid women. The risk increases in those who have 
lim ited sperm exposure with the same partner before concep
tion.17,20,36 The protective effects of long-term sperm exposure 
with the same partner might provide an explanation for the high 
risk for PE in women younger than 20 years old. A previous 
abortion (spontaneous or induced) or a previous normal preg
nancy with the same partner is associated with a lower risk 
for PE. However, this protective effect î  lost with a change of 
partner or with prolonged interval between pregnancies.37

Both Scandinavian and U.S. studies have confirmed the 
importance of paternal factors as a contributor to PE as well as 
an interpregnancy interval greater than 7 years.38,35 Using whole 
population data, Lie and colleagues39 demonstrated that men 
who fathered one preeclamptic pregnancy were nearly twice 
as likely to father a preeclamptic pregnancy with a different 
woman (odds ratio [OR], 1.8; 95% confidence interval [C l], 
1.2 to 2.6 after adjustment for parity), regardless of whether the 
new partner had a history of a preeclamptic pregnancy. Thus 
mothers had a substantially increased risk in their second preg
nancy (2.9%) if their partner had fathered a preeclamptic first 
pregnancy with another woman. This risk was nearly as high as 
the average risk among primigravid women.39

Recent advances in assisted reproductive technology (ART) 
have been associated with an increased risk for preeclamp
sia.14,15,40 Among the factors cited are a greater proportion of 
women older than 40 years, infertile women during their first 
gestation, multifetal gestation, obese women with polycystic 
ovary syndrome (PCOS), and women who become pregnant 
with donated gametes or embryos.40 The use of donated gametes 
can influence the maternal-fetal immune interaction. In addi
tion, infertile women with recurrent miscarriage are also reported 
to be at increased risk for PE.41

Obesity reflected as increased body mass index (BMI) height
ens the risk for preeclampsia.42 The worldwide increase in obesity
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666 Section V Complicated Pregnancy

BOX 31-3 THEORIES ASSOCIATED WITH THE ETIOLOGY 
OF PREECLAMPSIA

• A b n o rm a l tro p h o b la s t in v a s io n  o r p o o r im p la n ta tio n
• Im b a la n ce  in a n g io g e n e s is
• C o a g u la tio n  a b n o rm a litie s
• V a scu la r e n d o th e lia l d a m a g e
• C a rd io v a s c u la r m a la d a p ta tio n
• Im m u n o lo g ic  m a la d a p ta tio n
• G enetic  p re d is p o s itio n
• E xa g g e ra te d  in f la m m a to ry  response
• Increased  o x id a tiv e  stress

is thus likely to lead to a rise in the frequency of PE.43,44 Obesity 
has a strong link to insulin resistance, which is also a risk factor 
for PE. The exact mechanism by which obesity or insulin resis
tance is associated with PE is not well understood.

Earlier studies found an overall higher rate of thrombophilia 
in women with PE compared with controls.3' Recently, a number 
of reports have failed to reproduce these findings.45"46 The dispar
ity in results may reflect the heterogeneity of the women being 
studied. In the largest series of preeclamptic women with throm
bophilia, women had increasing risk for very early onset, severe 
disease (delivery before 28 weeks) compared with those who did 
not have thrombophilia.31

Pathophysiology
The etiology of preeclampsia remains unknown. M any theories 
have been suggested, but most of them have not withstood the 
test of time. Some of the theories still under consideration are 
listed in Box 31-3.1/147 50

During normal pregnancy, impressive physiologic changes 
occur in the uteroplacental vasculature and in the cardiovascu
lar system. These changes are most likely induced by the interac
tion of the fetal (parental) allograft with maternal tissue. The 
development of mutual immunologic tolerance in the first tri
mester is thought to lead to important morphologic and bio
chemical changes in the systemic and uteroplacental maternal 
circulation.

Uterine Vascular Changes
The human placenta receives its blood supply from numer
ous uteroplacental arteries that are developed by the action 
of migratory interstitial and endovascular trophoblasts into 
the walls o f the spiral arterioles. This transforms the utero
placental arterial bed into a low-resistance, low-pressure, 
high-flow system. The conversion of the spiral arterioles of the 
nonpregnant uterus into the uteroplacental arteries has been 
termed physiologic changes.50M In a normal pregnancy, these 
trophoblast-induced vascular changes extend all the way from 
the intervillous space to the origin of the spiral arterioles that 
represent the radial arteries in the inner one third of the myo
metrium. It is suggested that these vascular changes are 
effected in two stages, “the conversion o f the decidual seg
ments o f the spiral arterioles by a wave o f endovascular tro
phoblast migration in the first trimester and the myometrial 
segments by a subsequent wave in the second trimester. " 
This process is reportedly associated with extensive fibrinoid 

formation and degeneration o f the muscular layer in the arte
rial wall. These vascular changes result in the conversion of 
about 100 to 150 spiral arterioles into distended, tortuous, and

funnel-shaped vessels that communicate through multiple open
ings into the intervillous space.

In contrast, pregnancies complicated by preeclampsia or by 
FGR demonstrate inadequate maternal vascular response to 
placentation. In these pregnancies, the previously mentioned 
vascular changes are usually found only in the decidual segments 
of the uteroplacental arteries. Hence the myometrial segments 
of the spiral arterioles continue to exhibit their characteristic 
musculoelastic architecture, thereby leaving them responsive 
to hormonal influences.50,52 Additionally, the number of well- 
developed arterioles is smaller than that found in normotensive 
pregnancies.

It has been postulated that this defective vascular response 
to placentation is due to inhibition o f the second wave of 
endovascular trophoblast migration that normally occurs 
from about 16 weeks’ gestation onward. These pathologic 
changes may have the effect o f curtailing the increased blood 
supply required by the fetoplacental unit in the later stages 
of pregnancy and may correlate with the decreased utero
placental blood flow seen in most cases o f preeclampsia. " 
Frusca and associates52 studied placental bed biopsy specimens 
obtained during cesarean delivery from normal pregnancies 
(n = 14), preeclamptic pregnancies {n = 24), and chronic hyper
tensive pregnancies only (n = 5). Biopsy specimens from the 
preeclamptic group demonstrated abnormal vascular changes in 
every case, and 18 had acute atherosclerotic changes. In contrast, 
13 of the 14 specimens from normotensive pregnancies had 
normal vascular physiologic changes. In addition, they found 
that the mean birthweight was significantly lower in the group 
with atherosclerosis than it was in the other group without such 
findings. It is important to note that these vascular changes may 
also be demonstrated in a significant proportion of normoten
sive pregnancies complicated by FGR. Meekins and associates53 
demonstrated that endovascular trophoblast invasion is not an 
all-or-none phenomenon in normal and preeclamptic pregnan
cies. These authors observed that morphologic features found 
in one spiral artery may not be representative of all vessels in a 
placental bed.

Vascular Endothelial Activation 
and Inflammation
The mechanism by which placental ischemia leads to the clinical 
syndrome of PE is thought to be related to the production of 
placental factors that enter the maternal circulation and result 
in endothelial cell dysfunction.47'49,54 Soluble fms-like tyrosine 
kinase 1 (sFlt-1) is a protein produced by the placenta. It acts 
by binding to the receptor-binding domains o f vascular 
endothelial growth factor (VEGF), and it also binds to 
placental-like growth factor (PLGF). Increased levels o f this 
protein in the maternal circulation results in reduced levels 
o f free VEGF and free PLGF with resultant endothelial cell 
dysfunction/4

Maternal serum and placental levels o f sFlt-1 are increased 
in pregnancies complicated by preeclampsia values above 
seen during normal pregnancies. Maynard and coworkers' 
demonstrated that soluble placenta-derived VEGF receptor 
(sFlt-1)— an antagonist of VEGF and PLGF— is unregulated in 
PE, which leads to increased systemic levels of sFlt-1 that fall 
after delivery. Increased circulating sFlt-1 in PE is associated 
with decreased circulating levels of free VEGF and PLGF and 
results in endothelial dysfunction. The magnitude of increase in 
sFlt levels correlates with disease severity,56 which lends further
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Chapter 31 Preeclampsia and Hypertensive Disorders 667

support to VEGF-soluble Fit balance and represents one of the 
final common pathophysiologic pathways.

First-trimester PLGF levels are decreased in future preeclamp
tic pregnancies and in pregnancies complicated by FGR, whereas 
sFlt levels do not differ from controls.57 Again, these data are 
compatible with decidual angiogenic growth factors, in particu
lar PLGF, as being essential for early placental development 
(PLGF is low in both FGR and preeclampsia), with a later 
involvement of sFlt as a fetal rescue signal steering the maternal 
response; that is, the degree of maternal systemic hypertension. 
This hypothesis is supported by Levine and colleagues,56 who 
demonstrated that during the last 2 months of pregnancy in 
normotensive controls, the level of sFlt-1 increased and the level 
of PLGF decreased.

Levine and associates58 investigated urinary PLGF levels in 
pregnant women with and without PE and found that among 
normotensive pregnant women, urinary PLGF increased during 
the first two trimesters, peaked at 29 to 32 weeks, and decreased 
thereafter. Among women who ultimately developed PE, the 
pattern of urinary PLGF was similar, but levels were significantly 
reduced beginning at 25 to 28 weeks. Particularly large differ
ences were seen among those who subsequently developed early- 
onset PE and in those who delivered SGA infants.58 A similar 
study suggested that urinary angiogenic factors can identify 
women with severe PE/1

During the past decade, our understanding of the molecular 
basis for the pathophysiologic abnormalities in preeclampsia has 
reached an unprecedented level. Clear appreciation now exists 
for the role of cell adhesion molecules (CAMs) and angiogenic 
proteins and for activation of the inflammatory system in the 
pathogenesis of microvascular dysfunction in women with 
PE.47, Evidence also suggests an exaggerated inflammatory 
response (abnormal cytokine production and neutrophil activa
tion) in women with the clinical findings of PE.49 However, this 
enhanced inflammatory response is absent before the develop
ment of PE.60

Recent studies that have confirmed increased levels of asym
metric dimethylarginine at 23 to 25 weeks in pregnant women 
who develop PE have emphasized the importance of the nitric 
oxide-cyclic guanosine monophosphate (cGMP) pathway. 
Endothelial dysfunction and inappropriate endothelial cell acti
vation associated with alterations in nitric oxide levels in PE 
explains most typical clinical manifestations, including the 
increased endothelial cell permeability and increased platelet 
aggregation. 63

Genetics and Genetic Imprinting
According to the genetic conflict theory, fetal genes are selected 
to increase the transfer of nutrients to the fetus, whereas mater
nal genes are selected to lim it transfer in excess of some optimal 
level.17,20 The phenomenon of genomic imprinting means that 
a similar conflict exists within fetal cells between genes that are 
maternally derived and those that are paternally derived. The 
conflict hypothesis suggests that placental factors (fetal genes) 
act to increase maternal BP, whereas maternal factors act to reduce 
BP.20 Endothelial cell dysfunction may have evolved as a fetal 
rescue strategy to increase nonplacental resistance when the 
uteroplacental blood supply is inadequate.

Nilsson and associates64 published a model that suggests a 
heritability estimate of 31% for PE and 20% for GH. It is 
unlikely that one major PE gene will be found because such a 
gene would be selected against through evolution, unless it also

carried a major reproductive advantage. It is more likely that a 
rapidly growing number of susceptibility genes will be uncov
ered and that many of these will be found to interact with the 
maternal cardiovascular-hemostatic system or in the regulation 
of maternal inflammatory responses.65 These loci segregate with 
different populations,66 and it should be noted that these loci 
only explain a relatively small percentage of the overall cases of 
PE. In addition, although these linkage studies indicate maternal 
susceptibility, they do not exclude the additional involvement of 
fetal genes.66 Another important consideration regarding the 
genetics o f PE is the confounding effect o f the so-called fetal 
origins o f adult disease hypothesis, which suggests that a 
hostile intrauterine environment for a female fetus would 
form the basis for the insulin resistance syndrome with its 
associated endothelial dysfunction and, as such, that it would 
lead to an increased risk for PE (see Chapter 5)."°

Epigenetic features and imprinting are also involved in the 
pathogenesis of PE.66,67 Further evidence of the role of imprint
ing was recently suggested by Oudejans and van Dijk66 and 
Nafee and associates.67

Changes in Prostanoids
Several investigators have described levels of the various prosta
glandins and their metabolites throughout pregnancy. They have 
measured the concentrations of these substances in plasma, 
serum, amniotic fluid, placental tissues, urine, and cord blood. 
The data have been inconsistent, which reflects differences 
in methodology.68,69 During pregnancy, prostanoid production 
increases in both maternal and fetoplacental tissues. Prostacyclin 
is produced by the vascular endothelium and in the renal cortex. 
It is a potent vasodilator and inhibitor of platelet aggregation. 
Thromboxane A2 (TXA2) is produced by the platelets and tro- 
phoblasts; it is a potent vasoconstrictor and platelet aggregator. 
Hence, these eicosanoids have opposite effects and play a major 
role in regulating vascular tone and vascular blood flow. An 
imbalance in prostanoid production or catabolism has been 
suggested as being responsible for the pathophysiologic 
changes in preeclampsia. However, the precise role by which 
prostaglandins are involved in the etiology of PE remains 
unclear.20

Lipid Peroxide, Free Radicals, 
and Antioxidants
Evidence is accumulating that lipid peroxides and free radicals 
may be important in the pathogenesis of preeclampsia. 0,50,70 
Superoxide ions may be cytotoxic to the cell by changing the 
characteristics of the cellular membrane and producing mem
brane lipid peroxidation. Elevated plasma concentrations of 
free radical oxidation products precede the development of PE. 
In addition, some studies reported lower serum antioxidant 
activity in patients with PE than in those with normotensive

17,20pregnancies.
Much of the controversy about oxidative stress is related to 

the nonspecificity of the markers. A recent study by Moretti and 
associates71 measured oxidative stress “on line” in exhaled breath 
(not subjective to in vitro artifacts) and confirmed greater oxida
tive stress in women with PE compared with nonpregnant con
trols and those who had uncomplicated pregnancies.

Diagnosis of Preeclampsia
Preeclampsia is a clinical syndrome that embraces a wide 
spectrum o f signs and symptoms that have been clinically
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668 Section V Complicated Pregnancy

observed to develop alone or in combination. Elevated BP is 
the traditional hallmark for diagnosis o f the disease. The
diagnosis of PE and the severity of the disease process are gener
ally based on maternal BP. M any factors may influence the 
measurement of BP, including the accuracy of the equipment 
used, the size of the sphygmomanometer cuff, duration of the 
rest period before recording, posture of the patient, and the 
Korotkoff phase used (phase IV or phase V  for diastolic BP 
measurement). It is recommended that all BP values be 
recorded with the woman in a sitting position for ambula
tory patients or in a semireclining position for hospitalized 
patients.2,3'18,19 The right arm should be used consistently, and 
the arm should be in a roughly horizontal position at heart level. 
For diastolic BP measurements, both phases— muffling sound 
and disappearance sound— should be recorded. This is very 
important because the level measured at phase IV is about 5 to 
10 mm Hg higher than that measured at phase V. A rise in BP 
has been used by several authors as a criterion for the diagnosis 
of hypertension in pregnancy. This definition is usually unreli
able because a gradual increase in BP from the second to third 
trimester is seen in most normotensive pregnancies. Villar and 
Sibai72 prospectively studied BP changes during the course of 
pregnancy in 700 young primigravidas and found that 137 
patients (19.6%) had PE. The sensitivity and positive predictive 
values for PE of a threshold increase in diastolic BP of at least 
15 mm Hg on two occasions were 39% and 32%, respectively. 
The respective values for a threshold increase in systolic pressures 
were 22% and 33%.

Three recent studies from New Zealand,75 the United States,74 
and Turkey75 investigated pregnancy outcomes in women with 
a rise in diastolic BP of more than 15 mm Hg but an absolute 
diastolic level below 90 mm Hg compared with gravidas 
who remained normotensive. The New Zealand report 3 and a 
Turkish study75 included women with elevated BPs without 
proteinuria, whereas the American investigation74 included 
women with an increased diastolic pressure by 15 mm Hg or 
more plus proteinuria (>300 mg/24 hours). Overall, pregnancy 
outcomes were similar among women who remained normoten
sive and those who demonstrated a rise in diastolic pressure of 
15 mm Hg or higher but did not reach 90 mm Hg. The use of 
a specific rise in BP over baseline as a diagnostic criterion is 
principally influenced by two factors: gestational age at time of 
first observation and frequency of BP measurements. Thus a
15 mm Hg rise in diastolic BP is unreliable to diagnose PE.

Prediction of Preeclampsia
A review of the world literature reveals that more than 100 clini
cal, biophysical, and biochemical tests have been recommended 
to predict or identify the patient at risk for future development 
of preeclampsia.76 84 The results o f the pooled data for the 
various tests and the lack o f agreement among serial tests 
suggest that none o f these clinical tests is sufficiently reliable 
for use as a screening test in clinical practice.28

Numerous biochemical markers have been proposed to 
predict which women are destined to develop PE. These bio
chemical markers were generally chosen on the basis of specific 
pathophysiologic abnormalities that have been reported in asso
ciation with PE. Thus these markers have included markers of 
placental dysfunction, endothelial and coagulation activation, 
angiogenesis, and markers of systemic inflammation. However, 
the results of various studies to evaluate the reliability of these 
markers in predicting PE have been inconsistent, and many of

these markers suffer from poor specificity and predictive values 
that are too low for routine use in clinical practice.80'88

During the past decade, several prospective and nested 
case-control studies have found that certain maternal risk 
factors, biophysical clinical factors, and serum biomarkers 
obtained in the first trimester are associated with subsequent 
development o f hypertensive disorders o f pregnancy (HDP), 
GH, or pE.7t)~83'89'90 These studies evaluated the use of these 
factors or markers alone or in combination, and they provided 
detection rates for various subtypes of hypertension and PE with 
a false-positive rate (FPR) of either 5% or 10%. Overall, neither 
the maternal factors nor the serum biomarkers, either alone or 
combined, had an adequate detection rate for either all HDPs 
or GH or PE developing at 37 weeks of gestation or later. In the 
same studies, using maternal factors and mean arterial pressure 
(MAP) in the first trimester, the detection rate for PE before 34 
weeks was 73%, and for PE before 37 weeks, it was 60% with 
an FPR of 10%. Using data from the Maternal-Fetal Medicine 
Foundation, the use of combined maternal factors and biophysi
cal and biochemical markers increased the detection rate to 95% 
for PE that required delivery before 34 weeks of gestation and 
77% for PE that required delivery at before 37 weeks of gesta
tion with an FPR of 10%.90 However, the positive predictive 
value (PPV) for such a screen remained less than 10%. In addi
tion, these studies were conducted in a heterogeneous group of 
women at various risks for HDP and PE. A recent study by 
Giguere and colleagues91 evaluated combined maternal factors 
and serum markers measured in the first trimester in 7929 
women who were at very low risk for GH (2.7%) and PE 
(1.8%). In those with PE, the incidence was 0.2% at less than 
34 weeks and 1.2% at less than 37 weeks of gestation. They 
found that a clinical model that included maternal risk factors, 
BMI, and MAP had a detection rate of 54% and a PPV of 3% 
with an FPR of 10% for preeclampsia at less than 37 weeks of 
gestation, whereas a full model that also included serum bio
markers had a detection rate of 39% and a PPV of 2% for PE 
at less than 37 weeks of gestation.

Based on the results o f this study and other reports in 
recent years, it is clear that evaluation o f maternal clinical 
factors and other biophysical and biomarkers measured in 
the first trimester is useful only for the prediction o f those 
who will ultimately progress to PE that will require delivery 
prior to 34 weeks o f gestation. However, given the poor PPV 
for PE before 34 weeks and the poor detection rates for all cases 
of GH and PE, the clinical indications for a PE screening test 
in the first trimester remain unclear. Currently, no prospective 
studies or randomized trials have evaluated the benefits 
and risks o f first-trimester screening for prediction of PE. 
Until then, the use o f such tests for screening should remain 
investigational. 2

Doppler ultrasound is a useful method to assess uterine artery 
blood flow velocity in the second trimester. An abnormal uterine 
artery velocity waveform is characterized by a high resistance 
index or by the presence of an early diastolic notch (unilateral 
or bilateral). 78 81 Pregnancies complicated by abnormal 
uterine artery Doppler findings in the second trimester are 
associated with more than a sixfold increase in the rate of 
PE.77 However, the sensitivity of an abnormal uterine artery 
Doppler for predicting PE ranges from 20% to 60% with a PPV 
of 6% to 40% .77 81 Current data do not support Doppler 
studies for routine screening o f pregnant women for PE, but 
uterine artery Doppler could be beneficial as a screening test
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BOX 31-4 INTERVENTIONS USED TO 
PREVENT PREECLAMPSIA

• H ig h -p ro te in  and  lo w -s a lt d ie t
• N u trit io n a l s u p p le m e n ta tio n  (p ro te in )
• C a lc ium
• M a g n e s iu m
• Z inc
• Fish and  e v e n in g  p r im ro s e  o il
• A n tih y p e rte n s iv e  d ru g s , in c lu d in g  d iu re tic s
• A n tith ro m b o tic  a g e n ts
• L ow -dose  a sp irin
• D ip y r id a m o le
• H eparin
• V ita m in s  E and C
• S ild e n a fil

in women at very high risk for PE if  an effective preventive 
treatment should become available.

The ACOG task force report on hypertension in pregnancy 
recommends only using risk factors for identifying women 
considered at increased risk for PE.'

Prevention of Preeclampsia
Numerous clinical trials describe the use of various methods to 
prevent or reduce the incidence of preeclampsia.28'92 Because the 
etiology of the disease is unknown, these interventions have been 
used in an attempt to correct theoretic abnormalities in PE. A 
detailed review of these trials is beyond the scope of this chapter; 
however, the results of these studies have been the subject of 
several recent systemic reviews. In short, randomized trials 
have evaluated protein or salt restriction; zinc, magnesium, 
fish oil, or vitamin C or E supplementation; the use o f diuret
ics and other antihypertensive agents; and the use o f heparin 
to prevent PE in women with various risk factors. These trials 
have had limited sample sizes, and results have revealed 
m in im al to no benefit. Some of the methods studied are sum
marized in Box 31-4.

Calcium Supplementation
The relationship between dietary calcium intake and hyperten
sion has been the subject of several experimental and obser
vational studies. Epidemiologic studies have documented an 
inverse association between calcium intake and maternal BP and 
the incidences of PE and eclampsia. The BP-lowering effect of 
calcium is thought to be mediated by alterations in plasma renin 
activity and parathyroid hormone.

Thirteen clinical studies (15,730 women) have compared the 
use of calcium with no treatment or with a placebo in pregnancy. 
These trials differ in the populations studied (low risk or high 
risk for hypertensive disorders of pregnancy), study design (ran
domization, double-blind, or use of a placebo), gestational age 
at enrollment (20 to 32 weeks’ gestation), sample size in each 
group (range, 22 to 588), dose of elemental calcium used (156 
to 2000 mg/day), and the definition of hypertensive disorders 
of pregnancy used.

In the Cochrane review, calcium supplementation was associ
ated with reduced hypertension (relative risk [RR], 0.65; 95% 
CI, 0.53 to 0.81) and reduced PE (RR, 0.45; 95% CI, 0.31
to 0.65), particularly for those at high risk and with low base
line dietary calcium intake; for those with adequate calcium 
intake, the difference was not statistically significant. No side

effects of calcium supplementation have been recorded in the 
trials reviewed. In contrast, a recent evidence-based review by 
the U.S. Food and Drug Administration (FDA) concluded 
that “the relationship between calcium and risk o f hyperten
sion in pregnancy is inconsistent and inconclusive, and the 
relationship between calcium and the risk o f pregnancy- 
induced hypertension and preeclampsia is highly unlikely.” 
At present, the benefit o f calcium supplementation for 
PE prevention in women with low dietary calcium intake 
remains unclear.28 It is also important to note that none of the 
published randomized trials included women with high-risk 
factors such as previous PE, chronic hypertension, twins, or 
pregestational diabetes mellitus.28 Based on available data, the 
author does not recommend using calcium supplementation 
for the prevention o f PE.

Antiplatelet Agents Including Low-Dose Aspirin
Preeclampsia is associated with vasospasm and activation of the 
coagulation-hemostasis systems. Enhanced platelet activation 
plays a central role in the previously mentioned process and 
reflects abnormalities in the thromboxane-prostacyclin balance. 
Hence, several authors have used pharmacologic manipulation 
to alter the previously mentioned ratio in an attempt to prevent 
or ameliorate the course of PE.

Aspirin inhibits the synthesis of prostaglandins by irreversibly 
acetylating and inactivating cyclooxygenase (COX). In vitro, 
platelet COX is more sensitive to inhibition by low doses of 
aspirin (<80 mg) than vascular endothelial COX. This bio
chemical selectivity of low-dose aspirin appears to be related to 
its unusual kinetics, which result in presystemic acetylation of 
platelets exposed to higher concentrations of aspirin in the portal 
circulation.

Most randomized trials for the prevention of PE have used 
low-dose aspirin (LDA; 50 to 150 mg/dL). The rationale 
for recommending LDA prophylaxis is the theory that the 
vasospasm and coagulation abnormalities in preeclampsia 
are caused partly by an imbalance in the TXA2/prostacyclin 
ratio.2028

Recently, the Perinatal Antiplatelet Review of International 
Studies (PARIS) collaborative group performed a meta-analysis 
of the effectiveness and safety of antiplatelet agents, predomi
nantly aspirin, for the prevention of PE. Thirty-one trials that 
involved 32,217 women are included in this review, and a 10% 
reduction was seen in the risk for PE associated with the use 
of antiplatelet agents (RR, 0.90; 95% CI, 0.84 to 0.96). For 
women with a previous history of hypertension or PE (n = 6107) 
who were assigned to antiplatelet agents, the relative risk for 
developing PE was 0.86 (95% CI, 0.77 to 0.97). No significant 
differences were found between treatment and control groups in 
any other measures of outcome. The reviewers concluded that 
antiplatelet agents, largely LDA, have small to moderate ben
efits when used for prevention o f PE. LDA was also found to 
be safe. However, more information is clearly required to assess 
which women are most likely to benefit from this therapy, when 
treatment is optimally started, and what dose to u se/

Several studies have evaluated the efficacy of aspirin in the 
prevention of PE in high-risk pregnancies as determined by 
Doppler ultrasound or other risk factors when aspirin was used 
early in pregnancy. A meta-analysis suggested that LDA improves 
pregnancy outcome in these women when aspirin is started 
before 16 weeks’ gestation. However, this review has numerous 
flaws in design and data analysis. A large multicenter study
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TABLE 31-4 LOW-DOSE ASPIRIN IN HIGH-RISK 
WOMEN: NATIONAL INSTITUTE 
OF CHILD HEALTH AND HUMAN 
DEVELOPMENT TRIAL

PREECLAMPSIA (%)

ENTRY CRITERIA N ASPIRIN* PLACEBO*

Normotensive and no 1613 14.5 17.7
proteinuria

Proteinuria and 119 31.7 22.0
hypertension

Proteinuria only 48 25.0 33.3
Hypertension only 723 24.8 25.0
Insulin-dependent 462 18.3 21.6

diabetes
Chronic hypertension 763 26.0 24.6
Multifetal gestation 678 11.5 15.9
Previous preeclampsia 600 16.7 19.0

Data from Caritis SN, Sibai BM, Hauth J , et al, for the National Institute of Child 
Health and Human Development. Low-dose aspirin therapy to prevent preeclampsia in 
women at high risk. N  Engl J  Med. 1998;338:701.
*No difference was reported for any of the groups regarding the rate of preeclampsia.

sponsored by the National Institute of Child Health and 
Human Development (NICHD) included 2539 women with 
pregestational insulin-treated diabetes mellitus, chronic hyper
tension, multifetal gestation, or PE in a previous pregnancy and 
showed no beneficial effect from LDA in such high-risk women 
(Table 31-4).

During the past three decades, several randomized controlled 
trials (RCTs) and systematic reviews evaluated the benefits and 
risks of using LDA in pregnancy for the prevention of PE and 
its complications in women with one or more of the risk factors 
listed above. The results of the RCTs were conflicting, and the 
systematic reviews were inconclusive.93 This is not surprising 
given that the published trials and those included in various 
reviews differed in regard to the enrolled study populations 
(minimal risk to extremely high risk for PE, preterm birth, FGR, 
and perinatal death), gestational age at enrollment (12 to 32 
weeks), dose of aspirin utilized (50 to 150 mg/day), number of 
study subjects and number of centers in each trial, definition of 
PE and adverse perinatal outcomes, and whether the systemic 
review included unplanned subgroup analysis.93

The U.S. Preventive Services Task Force (USPSTF) recently 
published a report on LDA for the prevention of morbidity and 
mortality from preeclampsia.94 The report contained an exhaus
tive review of published trials regarding the efficacy and safety 
of LDA in pregnancy for the prevention of PE and other adverse 
perinatal outcomes in women considered at high risk for PE. 
The review considered 15 randomized trials (8 quality) in 
women at increased risk for PE to evaluate maternal and peri
natal benefits and 13 randomized trials (8 quality) to evaluate 
the incidence of PE. Preeclampsia incidence in women consid
ered at increased risk ranged from 8% to 30%. In addition, two 
large observational studies were included to evaluate the safety 
of LDA use in pregnancy.

In women considered at increased risk for preeclampsia, 
the USPSTF members found that LDA administered after 12 
weeks’ gestation reduced the risk o f PE by an average o f 24%  
(pooled relative risk [PRR], 0.76; 95% CI, 0.62 to 0.95), 
reduced the average risk o f preterm birth by 14%  (PRR, 0.86; 
95% CI, 0.76 to 0.98), and reduced the risk o f FGR by 20%  
(PRR, 0.80; 95% CI, 0.65 to 0.99). In addition, they found 
that the magnitude of risk reduction with LDA for the above

complications was dependent on baseline risk for PE in the 
study population. Contrary to the results of other systematic 
reviews, they found that the beneficial effects of LDA were not 
dependent on the dose of LDA, and they were evident when 
LDA was used between 12 and 28 weeks’ gestation. Moreover, 
they found that LDA did not increase the risk of bleeding 
complications (abruptio placentae, postpartum hemorrhage, 
neonatal intracerebral hemorrhage) or perinatal death. Based on 
results of this review, the Task Force members recommended 
that women considered at increased risk for PE— that is, 
those with a history o f PE, preexisting chronic hypertension 
or renal disease, pregestational diabetes, autoimmune disease, 
or multifetal gestation— should receive LDA (81 mg/day) 
starting at 12 to 28 weeks until delivery to reduce the likeli
hood o f developing subsequent PE, preterm birth, or FGR.

However, such recommendation is in contrast to that of the 
ACOG Task Force on Hypertension in Pregnancy, which rec
ommended LDA only to women with prior PE that resulted 
in delivery at less than 34 weeks or to those with prior recur
rent PE.

Heparin or Low-M olecular-W eight Heparin
Several observational studies and randomized trials have 
evaluated the prophylactic use of low-molecular-weight heparin 
(LMWH) for the prevention of PE and other adverse pregnancy 
outcomes. The results of these studies were the subject of several 
recent reviews. Two recent large randomized trials conducted 
in Italy95 and in Canada96 revealed that prophylactic LMWH 
does not reduce the rate of PE in women at high risk for this 
complication. In addition, a meta-analysis of published trials 
demonstrated no benefit from LM W H .9 Therefore it is the 
authors’ opinion that LMWH should not be used for PE 
prevention.

Vitamins C and E
Reduced antioxidant capacity, increased oxidative stress, or both 
in the maternal circulation and in the placenta have been pro
posed to play a major role in the pathogenesis of PE. Conse
quently, several trials were designed using vitamins C and E for 
the prevention of PE. The first trial suggested a beneficial effect 
from pharmacologic doses of vitamins E and C in women identi
fied as being at risk for PE by means of abnormal uterine 
Doppler flow velocimetry. However, the study had limited 
sample size and must be confirmed in other populations. In 
contrast, several randomized trials with large sample sizes in 
women at low risk and very high risk for PE found no reduc
tion in the rate o f PE with vitamin C and E supplementation 
(Table 3 1-5).29’98103

Laboratory Abnormalities in Preeciampsia
Women with preeclampsia may exhibit a symptom complex that 
ranges from minimal BP elevation to derangements of multiple- 
organ systems. The renal, hematologic, and hepatic systems are 
most likely to be involved.

Renal Function
Renal plasma flow and glomerular filtration rate (GFR) increase 
during normal pregnancy. These changes are responsible for a 
fall in serum creatinine, urea, and uric acid concentrations.98 In 
PE, vasospasm and glomerular capillary endothelial swelling 
(glomerular endotheliosis) lead to an average reduction in GFR 
of 25% below the rate for normal pregnancy. Serum creatinine
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TABLE 31-5 MULTICENTER TRIALS OF VITAMINS C AND E FOR THE PREVENTION OF PREECLAMPSIA
PREECLAMPSIA

STUDY GROUP WOMEN ENROLLMENT GESTATIONAL AGE (WEEKS) VITAMINS C AND E (%) PLACEBO (%)

ACTS58
VIP"
Global Network100
W HO101
NICHD102
INTAPP103
DAPIT25

Nulliparas 
High risk 
High risk 
High risk 
Nulliparas 
High risk
Pregestational diabetes

14 to 22 
14 to 22 
12 to 20 
14 to 22 
9 to 16 

12 to 18 
8 to 22

56/935 (6) 
181/1196 (15) 

49/355 (14) 
164/681 (24) 

358/4993 (7.2) 
69/1167 (6) 

57/375 (15)

47/942 (5) 
187/1199 (16) 

55/352 (16) 
157/674 (23) 

332/4976 (6.7) 
68/1196 (5.7) 
70/3784 (19)

DAPIT, Diabetes and Preeclampsia Intervention Trial; INTAPP, International Trial of Antioxidants in the Prevention of Preeclampsia; NICHD, National Institute of Child Health and 
Development; VIP, Vitamins in Pregnancy; WHO, World Health Organization.

is rarely elevated in PE, but uric acid can be increased. In a study 
of 95 women with severe PE, Sibai and associates reported a 
mean serum creatinine of 0.91 mg/dL, a mean uric acid of 
6.6 mg/dL, and a mean creatinine clearance of 100 mL/min.

The clinical significance of elevated uric acid levels in 
preeclampsia-eclampsia has been confusing. Hyperuricemia is 
associated with renal dysfunction, especially decreased renal 
tubular secretion, and has been consistently associated with glo
merular endotheliosis. In addition, it has been linked with 
increased oxidative stress in PE. Despite the fact that uric acid 
levels are elevated in women with PE, this test is not sensitive 
or specific for the diagnosis o f PE or for predicting adverse 
perinatal outcome.

Elevated uric acid levels above 6 mg/dL are often found in 
women with normotensive multifetal pregnancies. As a result, 
some authors have suggested that to secure a diagnosis of PE 
based on elevated uric acid values, the upper lim it should be 
adjusted for those with multiple gestation. Elevated uric acid 
values are also found in women with acute fatty liver of preg
nancy and underlying renal disease; therefore it is suggested 
that uric acid values not be used for the diagnosis o f PE or 
as an indication for delivery in women with PE.

Hepatic Function
The liver is not primarily involved in preeclampsia, and hepatic 
involvement is observed in only 10% of women with severe PE. 
Fibrin deposition has been found along the walls of hepatic 
sinusoids in preeclamptic patients with no laboratory or histo
logic evidence of liver involvement. W hen liver dysfunction does 
occur in PE, m ild elevation of serum transaminases is most 
common. Bilirubin is rarely increased in PE, but when elevated, 
the indirect fraction predominates. Elevated liver enzymes are a 
feature of the hemolysis, elevated liver enzymes, and low plate
lets (HELLP) syndrome, a variant of severe PE.

Hematologic Changes
M any studies have evaluated the hematologic abnormalities in 
women with preeclampsia. Plasma fibrinopeptide A, D-dimer 
levels, and circulating thrombin-antithrombin complexes are 
higher in women with PE than in normotensive gravidas. In 
contrast, plasma antithrombin III activity is decreased, lhese 
findings indicate enhanced thrombin generation.

Plasma fibrinogen rises progressively during normal preg
nancy. In general, plasma fibrinogen levels are rarely reduced in 
women with PE in the absence of placental abruption.

Thrombocytopenia is the most common hematologic 
abnormality in women with severe PE. It is correlated with 
the severity o f the disease process and the presence or absence 
of placental abruption. In a study of 1414 women with

hypertension during pregnancy, Burrows and Kelton found a 
platelet count of less than 150,000/mm3 in 15% of cases.

Leduc and associates studied the coagulation profile— the 
platelet count, fibrinogen, prothrombin time (PT), and partial 
thromboplastin time (PTT)— in 100 consecutive women with 
severe PE. A platelet count lower than 150,000/mm3 was found 
in 50% of the women, and a count lower than 100,000/mm3 
was found in 36%. Thirteen women had a fibrinogen level of 
less than 300 mg/dL, and two had prolonged PT and PTT as 
well as thrombocytopenia on admission. These researchers found 
the admission platelet count to be an excellent predictor of 
subsequent thrombocytopenia and concluded that fibrino
gen levels, PT, and PTT should be obtained only in women 
with a platelet count o f less than 100,000/mm3. A recent 
study by Barron confirmed these observations in more than 800 
women with hypertension in pregnancy.

Hemolysis, Elevated Liver Enzymes, and Low Platelets 
(HELLP) Syndrome
Considerable debate surrounds the definition, diagnosis, 
incidence, etiology, and management of HELLP syndrome. 4 
Patients with such findings were previously described by many 
investigators. Weinstein considered it a unique variant of PE 
and coined the term HELLP syndrome for this entity. Barton 
and associates performed liver biopsies in patients with PE and 
HELLP syndrome, and periportal necrosis and hemorrhage were 
the most common histopathologic findings. In addition, they 
found that the extent of the laboratory abnormalities in HELLP 
syndrome, including the platelet count and liver enzymes, did 
not correlate with hepatic histopathologic findings.

LABORATORY CRITERIA FOR DIAGNOSIS
Various diagnostic criteria have been used for HELLP. Hemo
lysis, defined as the presence o f microangiopathic hemolytic 
anemia, is the hallmark o f the triad o f HELLP syndrome.11,4
The classic findings of microangiopathic hemolysis include 
an abnormal peripheral smear (schistocytes, burr cells, echino- 
cytes), elevated serum bilirubin (indirect form), low serum hap
toglobin levels, elevated lactate dehydrogenase (LDH) levels, 
and a significant drop in hemoglobin levels. A significant per
centage of published reports included patients who had no evi
dence of hemolysis; hence, these patients will not fit the criteria 
for HELLP syndrome.104 In some studies in which hemolysis is 
described, the diagnosis is suspect because it has been based on 
the presence of an abnormal peripheral smear (no description of 
type or degree of abnormalities) or elevated LDH levels (thresh
old of 180 to 600 U/L).

No consensus exists in the literature regarding the liver func
tion test to be used or the degree of elevation in these tests to
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diagnose elevated liver enzymes. In his original report, Weinstein 
mentioned abnormal serum levels of aspartate transaminase 
(AST), abnormal alanine transaminase (ALT), and abnormal 
bilirubin values; however, specific levels were not suggested. 
In subsequent studies in which elevated liver enzymes were 
described, either AST or ALT, the values considered to be abnor
mal ranged from 17 to 72 U/L.104 In clinical practice, many of 
these values are considered normal or slightly elevated.

Low platelet count is the third abnormality required to estab
lish the diagnosis of HELLP syndrome; no consensus has been 
reached among various published reports regarding the diagnosis 
of thrombocytopenia. The reported cut-off values have ranged 
from 75,000/mm3 to 279,000/mm3, and a level of less than 
100,000/mm3 is most often cited.1114

M any authors have used elevated total LDH (usually 
>600 U/L) as a diagnostic criteria for hemolysis. O f the five 
isoforms of LDH, only two of them— LDH, and LDH2— are 
released from ruptured red blood cells. In most women with 
severe preeclampsia-eclampsia, the elevation in total LDH is 
probably caused mostly by liver ischemia. Therefore many 
authors advocate that elevated bilirubin values (indirect form), 
abnormal peripheral smear, or a low serum haptoglobin level 
should be part of the diagnostic criteria for hemolysis.

Based on a retrospective review of 302 cases of HELLP syn
drome, Martin and colleagues devised the following classifica
tion based on the nadir of the platelet count. Class 1 HELLP 
syndrome was defined as a platelet nadir below 50,000/mm3, 
class 2  as a platelet nadir between 50,000 and 100,000/mm3, 
and class 3  as a platelet nadir between 100,000 and 150,000/ 
mm3. These classes have been used to predict the rapidity of 
recovery postpartum, maternal-perinatal outcome, and the need 
for plasmapheresis.

Hemolysis, defined as the presence of microangiopathic hemo
lytic anemia, is the hallmark of HELLP syndrome. The role of 
disseminated intravascular coagulation (DIC) in preeclampsia is 
controversial. Most authors do not regard HELLP syndrome 
to be a variant o f DIC because coagulation parameters such 
as PT, PTT, and serum fibrinogen are normal.1'1 However, the 
diagnosis of DIC can be difficult to establish in clinical practice. 
When sensitive determinants of this condition are used— such 
as antithrombin III, fibrinopeptide A, fibrin monomer, D-dimer, 
a 2-antiplasmin, plasminogen, prekallikrein, and fibronectin— 
many patients have laboratory values consistent with DIC. 
Unfortunately, these tests are time consuming and are not 
suitable for routine monitoring. Consequently, less sensitive 
parameters are often used. Sibai and associates defined DIC 
as the presence of thrombocytopenia, low fibrinogen levels 
(plasma fibrinogen <300 mg/dL), and fibrin split products 
above 40 mg/mL. These authors noted the presence of coagu
lopathy in 21% of 442 patients with HELLP syndrome. They

also found that most cases occurred in women who had anteced
ent placental abruption or peripartum hemorrhage, and it 
occurred in all four women in their study who had subcapsular 
liver hematomas. In the absence of these complications, the 
frequency of DIC was only 5%.

In view o f the previously mentioned diagnostic problems, 
we recommended that uniform and standardized laboratory 
values be used to diagnose HELLP syndrome.1 11 Plasma hap
toglobin and bilirubin values should be included in the diagnosis 
of hemolysis. In addition, the degree of abnormality of liver 
enzymes should be defined as a certain number of standard 
deviations (SDs) from the normal value for each hospital popu
lation. Our laboratory criteria to establish the diagnosis are 
presented in Box 31-5.

CLINICAL FINDINGS
The reported incidence of HELLP syndrome in preeclampsia 
has been variable, which reflects the differences in diagnostic 
criteria. The syndrome appears to be more common in white 
women and is also more common in preeclamptic women 
who have been managed conservatively.1" *

Early detection of HELLP syndrome can be a challenge in 
that many women present with nonspecific symptoms or subtle 
signs of PE. The various signs and symptoms reported are not 
diagnostic of PE and may also be found in women with severe 
preeclampsia-eclampsia without HELLP syndrome.104 Right 
upper quadrant or epigastric pain and nausea or vomiting have 
been reported with a frequency ranging from 30% to 90% 
(Table 31-6). Most women gave a history of malaise typical of 
a nonspecific viral-like syndrome for several days before presen
tation, which led one investigator to suggest performing labora
tory investigations (complete blood count [CBC] and liver 
enzymes) in all pregnant women with suspected PE who have

BOX 31-5  CRITERIA TO ESTABLISH THE DIAGNOSIS OF 
HELLP SYNDROME

H e m o ly s is  (as least tw o  o f  these):
• P e rip h e ra l sm e a r (s c h is to cy te s , b u rr  ce lls)
• S e ru m  b il iru b in  (>1.2 m g/dL )
• L o w  s e ru m  h a p to g lo b in  

S evere  a n e m ia  u n re la te d  to  b lo o d  loss 
E leva ted  liv e r  e n zym es

• A s p a rta te  tra n s a m in a s e  o r  a la n in e  tra n s a m in a s e  at 
least tw ic e  th e  ULN

• Lacta te  d e h y d ro g e n a s e  tw ic e  o r m o re  o f  th e  ULN 
L o w  p la te le ts  (<100,0 0 0 /m m 3)

HELLP, hemolysis, elevated liver enzymes, and low  platelets: ULN, upper 
lim it o f normal.

TABLE 31-6 SIGNS AND SYMPTOMS IN WOMEN WITH HELLP SYNDROME

WEINSTEIN108 SIBAI ET A L107 MARTIN ET A L106 RATH ET AL™
(n = 57) (%) (n = 509) (%) (n = 501) (%) (n = 50) (%)

Right upper quadrant epigastric pain 86 63 40 90
Nausea, vomiting 84 36 29 52
Headache NR 33 61 NR
Hypertension NR 85 82 88
Proteinuria 96 87 86 100

Modified from Sibai BM. Diagnosis, controversies, and management of HELLP syndrome. Obstet Gynecol. 2004; 103:981. 
HELLP, hemolysis, elevated liver enzymes, and low platelets; NR, not reported.
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BOX 31-6 MEDICAL AND SURGICAL DISORDERS OFTEN 
CONFUSED WITH HELLP SYNDROME

• A cu te  fa tty  liv e r  o f p re g n a n c y
• A p p e n d ic itis
• G a llb la d d e r d isease
• G lo m e ru lo n e p h rit is
• H e m o ly tic  u re m ic  s y n d ro m e
• H epatic  e n c e p h a lo p a th y
• H yp e re m e s is  g ra v id a ru m
• Id io p a th ic  th ro m b o c y to p e n ia
• P ye lo n e p h ritis
• S ys te m ic  lu p u s  e ry th e m a to s u s
• A n t ip h o s p h o lip id  a n t ib o d y  s y n d ro m e
• T h ro m b o tic  th ro m b o c y to p e n ic  p u rp u ra
• V ira l h e p a tit is

HELLP, hemolysis, elevated liver enzymes, and low platelets.

these symptoms during the third trimester.10,4 Headaches are 
reported by 33% to 61% of the patients, whereas visual changes 
are reported in about 17%. A small subset of patients with 
HELLP syndrome may present with symptoms related to 
thrombocytopenia, such as bleeding from mucosal surfaces, 
hematuria, petechial hemorrhages, or ecchymosis.

Although most patients have hypertension (82% to 88%; see 
Table 31-6), it may be only m ild in 15% to 50% of the cases 
and absent in 12% to 18%. Most of the patients (86% to 100%) 
have proteinuria by dipstick examination, although it has been 
reported to be absent in 13% of cases.

DIFFERENTIAL DIAGNOSIS
The presenting symptoms, clinical findings, and many o f the 
laboratory findings in women with HELLP syndrome overlap 
with a number o f medical syndromes, surgical conditions, 
and obstetric complications; therefore the differential diagno
sis of HELLP syndrome should include any of the conditions 
listed in Box 31-6. Because some women with HELLP syn
drome may present with gastrointestinal, respiratory, or hema
tologic symptoms in association with elevated liver enzymes or 
low platelets in the absence of hypertension or proteinuria, many 
initially are misdiagnosed as having other conditions such as 
upper respiratory infection, hepatitis, cholecystitis, pancreatitis, 
acute fatty liver of pregnancy (AFLP), or immune thrombocy
topenic purpura (FTP).104 Conversely, some women with other 
conditions— such as thrombotic thrombocytopenic purpura 
(TTP), hemolytic uremic syndrome (HUS), systemic lupus ery
thematosus (SLE), sepsis, or catastrophic antiphospholipid anti
body syndrome— may be erroneously diagnosed as having 
HELLP syndrome. In addition, PE may occasionally be super
imposed on one of these disorders, which further contributes to 
the diagnostic difficulty. Because of the remarkably similar clini
cal and laboratory findings of these disease processes, even the 
most experienced clinician can face a difficult diagnostic chal
lenge. Therefore efforts should be made to attempt to identify 
an accurate diagnosis, given that management strategies may be 
different among these conditions. It is important to emphasize 
that affected women may have a variety of unusual signs and 
symptoms, none of which are diagnostic of severe PE. Pregnant 
women with probable PE who present with atypical symp
toms should have a CBC, a platelet count, and liver enzyme 
determinations irrespective o f maternal BP findings.

Occasionally, the presence of this syndrome is associated with 
hypoglycemia that leads to coma, severe hyponatremia, and 
cortical blindness. A rare but interesting complication of HELLP 
syndrome is transient nephrogenic diabetes insipidus. Unlike 
central diabetes insipidus, which results from the diminished or 
absent secretion of arginine vasopressin by the hypothalamus, 
transient nephrogenic diabetes insipidus is characterized by a resis
tance to arginine vasopressin mediated by excessive vasopressi- 
nase. It is postulated that elevated circulating vasopressinase may 
result from impaired hepatic metabolism of the enzyme.

MANAGEMENT OF HELLP SYNDROME
Management of preeclamptic women who present with HELLP 
syndrome is highly controversial.104 Consequently, several thera
peutic modalities have been described in the literature to treat 
or reverse HELLP syndrome. Most of these modalities are 
similar to those used in the management of severe PE remote 
from term (Box 31-7).

The clinical course of women with true HELLP syndrome is 
usually characterized by progressive and sometimes sudden dete
rioration in the maternal condition.104 Because the presence of 
this syndrome has been associated with increased rates of mater
nal morbidity and mortality, many authors consider its presence 
to be an indication for immediate delivery. There is also a con
sensus o f opinion that prompt delivery is indicated i f  the 
syndrome develops beyond 34 weeks’ gestation or earlier if 
obvious multiorgan dysfunction, DIC, liver infarction or 
hemorrhage, renal failure, suspected abruption, or nonreas
suring fetal status are apparent. Delivery is also indicated if 
the syndrome develops before 23 weeks’ gestation.1104

On the other hand, considerable disagreement exists about 
the management o f women with HELLP syndrome at or 
before 34 weeks o f gestation when the maternal condition is 
stable, except for mild to moderate abnormalities in blood 
tests, and fetal condition is reassuring. In such patients, some 
authors recommend the administration o f corticosteroids to 
accelerate fetal lung maturity followed by delivery after 24  
hours,1"4 whereas others recommend prolonging pregnancy 
until the development o f maternal or fetal indications for 
delivery or until achievement o f fetal lung maturity. Some 
of the measures used in these latter cases have included one 
or more of the following; bed rest, antihypertensive agents, 
antithrombotic agents (LDA, dipyridamole), plasma volume 
expanders (crystalloids, albumin, fresh frozen plasma [FFP]), 
and corticosteroids (prednisone, prednisolone, dexamethasone, 
or betamethasone).10

EXPECTANT MANAGEMENT OF HELLP SYNDROME 
Few large case series describe expectant management of 
women with true HELLP, partial HELLP, or severe PE with 
isolated liver enzyme elevation. In general, these reports 
suggest that transient improvement in laboratory values or 
pregnancy prolongation from a few days to a few weeks is 
possible in a select group o f women with HELLP syndrome. 
It is important to note that most o f the patients included in 
these studies were ultimately delivered within 1 week o f

104expectant management.
Investigators from the Netherlands have reported their experi

ence with expectant management in women with HELLP syn
drome before 34 weeks’ gestation. Visser and Wallenburg 
reported the use of plasma volume expansion using invasive 
hemodynamic monitoring and vasodilators in 128 women with
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BOX 31-7 THERAPEUTIC MODALITIES USED TO TREAT 
OR REVERSE HELLP SYNDROME

Plasm a v o lu m e  e x p a n s io n
• Bed rest
• C ry s ta llo id s
• A lb u m in  5% to  25%

A n tith ro m b o tic  a gents
• L o w -d o se  a sp irin
• D ip y r id a m o le
• H eparin
• A n tith ro m b in  III 

Im m u n o s u p p re s s iv e  a gents
• S te ro id s  

M is c e lla n e o u s
• F resh-frozen  p la sm a  in fu s io n s
• E xchange  p la sm a p h e re s is
• D ia lys is

Modified from  Sibai BM. The HELLP syndrome (hemolysis, elevated liver 
enzymes, and low platelets): much ado about nothing? A m  J  O bste t 
Gynecol. 1990;162:311.
HELLP, hemolysis, elevated liver enzymes, and low platelets.

HELLP syndrome before 34 weeks’ gestation. Magnesium 
sulfate and steroids were not used in such women. Twenty-two 
of the 128 patients were delivered within 48 hours; the remain
ing 102 patients had pregnancy prolongation for a median of
15 days (range, 3 to 62 days). Fifty-five of these 102 women had 
antepartum resolution of HELLP syndrome, with a median 
pregnancy prolongation in these women of 21 days (range, 7 to 
62 days). No maternal deaths or serious maternal morbidity was 
reported. However, 11 of the 128 pregnancies (8.6%) resulted 
in fetal death at 25 to 34.4 weeks, and 7 neonatal deaths (5.5%) 
at 27 to 32 weeks’ gestation were reported.

Van Pampus and coworkers reported the use of bed rest, 
antihypertensive medication, and salt restriction in 41 women 
with HELLP syndrome before 35 weeks’ gestation. Fourteen 
women (34%) were delivered within 24 hours; in the remaining
27 women, pregnancy was prolonged a median of 3 days (range,
0 to 59 days). Fifteen of these 27 women showed complete 
normalization of the laboratory values. No serious maternal 
morbidities were noted, but 10 fetal deaths were reported at 27 
to 35.7 weeks’ gestation.

The study by Ganzevoort and colleagues included 54 women 
with HELLP syndrome at the time of enrollment. In a subse
quent publication, the same authors compared maternal and 
perinatal complications in these women to the respective out
comes in women without HELLP. They found that the median 
number of days of pregnancy prolongation and maternal and 
perinatal complications were similar between the two groups.

One randomized, double-blind trial compared prednisolone 
{n = 15) to placebo («  = 16) in patients with HELLP syndrome 
before 30 weeks’ gestation. Prednisolone was given intravenously 
twice a day. The primary outcome measures were the entry-to- 
delivery interval and the number of “recurrent HELLP” exacer
bations in the antepartum period. The mean entry-to-delivery 
interval was similar between the two groups (6.9 days for pred
nisolone and 8 days for placebo). Three cases of liver hematoma 
or rupture were reported, along with one maternal death in the 
placebo group. The perinatal mortality rate was similar between 
the two groups (20% in the prednisolone group and 25% in the 
placebo group).

The results o f these studies suggest that expectant man
agement is possible in a very select group o f women with 
suspected HELLP syndrome before 34 weeks’ gestation. 
However, despite pregnancy prolongation in some o f these 
cases, the overall perinatal outcome was not improved com
pared with fetuses at a similar gestational age who were 
delivered within 48 hours after the diagnosis o f HELLP 
syndrome.

Confounding variables make it difficult to evaluate any treat
ment modality proposed for this syndrome. Occasionally, some 
patients without true HELLP syndrome may demonstrate ante
partum reversal of hematologic abnormalities following bed rest, 
use of corticosteroids, or plasma volume expansion. However, 
most of these patients experienced deterioration in either mater
nal or fetal condition within 1 to 10 days after conservative 
management. It is doubtful that such lim ited pregnancy prolon
gation will result in improved perinatal outcome, and maternal 
and fetal risks are substantial.104

In summary, the results o f these studies suggest that 
expectant treatment is possible in a select group o f women 
with HELLP syndrome before 34 weeks’ gestation. However, 
the number o f women who were studied in these reports is 
inadequate to evaluate maternal safety; therefore such treat
ment should be considered experimental. In addition, most 
experts— including members o f the ACOG Task Force— 
recommend delivery o f such patients after completion of a 
course o f corticosteroids for fetal lung maturity or i f  the 
gestational age is less than 24  weeks.1

CORTICOSTEROIDS TO IMPROVE PREGNANCY 
OUTCOME IN WOMEN WITH HELLP SYNDROME 
It is well established that antenatal glucocorticoid therapy reduces 
neonatal complications and neonatal mortality in women with 
severe PE at 34 weeks’ gestation or less (see Chapter 29). The rec
ommended regimens of corticosteroids for the enhancement of 
fetal maturity are betamethasone (12 mg intramuscularly every
24 hours, two doses) or dexamethasone (6 mg intramuscularly 
every 12 hours, four doses). These regimens have been identified 
as the most appropriate for this purpose because they readily 
cross the placenta and have minimal mineralocorticoid activity. 
However, it is unclear whether the same or different regimens 
are beneficial in women with HELLP syndrome.

Corticosteroids have been suggested as safe and effective drugs 
for improving maternal and neonatal outcome in women with 
HELLP or partial HELLP syndrome. A review of the literature 
reveals substantial differences in methodology, time of adminis
tration, and drug selection among investigators who advocate 
the use of corticosteroids in women with HELLP syndrome. 
Different regimens of steroids have been suggested for prevent
ing respiratory distress syndrome (RDS) as well as to accelerate 
maternal recovery in the postpartum period."14 The regimens 
of steroids used included intramuscular betamethasone (12 
mg/12 hr or 24 hours apart on two occasions) or IV dexametha
sone (various doses at various time intervals) or a combination 
of the two. Some studies used steroids only in the antepartum 
period (for 24 hours, 48 hours, repeat regimens, or chronically 
for weeks until delivery). In other studies, steroids were given 
for 48 hours before delivery and then were continued for 24 to 
48 hours postpartum, whereas others recommend their admin
istration only in the postpartum period.104

Some randomized trials have compared the use of high-dose 
dexamethasone to either no treatment or betamethasone in
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TABLE 31-7 M A T E R N A L  C O M P L IC A T IO N S  W IT H  D E X A M E T H A S O N E  V E R S U S  P LA C E B O  IN H ELLP S Y N D R O M E

NO. WITH PLACEBO (%) NO. WITH DEXAMETHASONE {%) CRUDE RELATIVE RISK (95% Cl)

Acute renal failure* 8 (13) 6(10 ) 0.8 (0.3-2.1)
Oliguria 4 (6 ) 5 (7.6) 1.3 (0.4-4.5)
Pulmonary edema* 1 (2) 3 (4.6) 3.1 (0.3-28)
Eclampsia 10 (15) 8 (14) 0.8 (0.3-1.9)
Infections 10 (15) 5(8) 0.5 (0.2-1.4)
Death 1 (2) 3 (5 ) 3.0 (0.3-28)
Platelet transfusion 10(15) 12 (18) 1.2 (0.6-2.6)
Plasma transfusion 6 (9 ) 5 (8) 0.8 (0.3-2.6)

Modified from Fonseca JE, Mendez F, Catano C, Arias F. Dexamethasone treatment does not improve the outcome of women with HELLP syndrome: a double-blind, placebo- 
controlled, randomized clinical trial. Am J  Obstet Gynecol. 2005;193:1591-1598.
*Only included patients without the event before randomization.
CI, confidence interval.

TABLE 31-8 M A T E R N A L  C O M P L IC A T IO N S  C O M P A R IN G  

D E X A M E T H A S O N E  V E R S U S  PLA C E B O  

FOR P O S T P A R T U M  H ELLP S Y N D R O M E

COMPLICATION*
DEXAMETHASONE
(n = 56)

PLACEBO 
(n = 49)

n % n %

Pulmonary edema 2 3.6 5 10.2
Hemorrhagic manifestation 20 35.7 16 32.7
Acute renal failure 9 16.1 12 24.5
Oliguria 27 48.2 22 44.9
Blood transfusion 16 28.6 19 38.6
Any complication 37 66.1 25 51
Death 2 3.6 2 4.1

Modified from Katz L, de Amorim M M , Figueiroa JN , Pinto e Silva JL. Postpartum 
dexamethasone for women with hemolysis, elevated liver enzymes, and low platelets 
(HELLP) syndrome: a double-blind, placebo-controlled, randomized clinical trial. Am J  
Obstet Gynecol. 2008; 198:283.
*Each patient may have more than one complication.

women with presumed HELLP syndrome. These studies were 
summarized in a review by Sibai.1 The results o f these studies 
demonstrated improved laboratory values and urine output 
in patients receiving dexamethasone but found no differ
ences in serious maternal morbidity. In addition, the number 
of patients studied was limited, and neither of these small studies 
used a placebo.

More recently, three randomized, double-blind placebo trials 
were conducted to evaluate dexamethasone versus placebo in 
women with antepartum and postpartum HELLP syndrome. 
Two of the trials were multicenter, and one was a single-center 
trial. The results of the two large, multicenter trials are sum
marized in Tables 31-7 and 31-8. Overall, these trials revealed 
no maternal benefit of using dexamethasone in women with 
HELLP syndrome.105 It is my opinion that corticosteroids 
should only be used for 48 hours to accelerate fetal lung 
maturity in women who have reached 24 to 34 weeks’ gesta
tion. In addition, it is recommended that dexamethasone not 
be used to treat maternal symptoms o f HELLP syndrome 
either beyond 34 weeks or in the postpartum period.1

MATERNAL AND PERINATAL OUTCOME
The presence o f HELLP syndrome is associated with an 
increased risk for maternal death (1%) and increased rates of 
maternal morbidities such as pulmonary edema (8%), acute 
renal failure (3%), DIC (15%), abruptio placentae (9%), 
liver hemorrhage or failure (1%), acute respiratory distress 
syndrome (ARDS), sepsis, and stroke (<1%).104 Pregnancies 
complicated by HELLP syndrome are also associated with

TABLE 31-9 M A T E R N A L  C O M P L IC A T IO N S  IN 316

P R E G N A N C IE S  W IT H  H ELLP S Y N D R O M E , 

P A R T IA L  H ELLP S Y N D R O M E , OR SEVERE 

P R E E C L A M P S IA  W IT H  N O R M A L  

L A B O R A T O R Y  V A L U E S

HELLP
(n = 67)

PARTIAL
HELLP
<n = 71)

SEVERE
HELLP
(n = 178)

Blood products transfusion 25* 4 3
(%)

Disseminated intravascular 15* 0 0
coagulation (%)

Wound hematoma, infection 14* l l 5 2s
(%)t

Pleural effusion (%) 6* 0 1
Acute renal failure (%) 3* 0 0
Eclampsia (%) 9 7 9
Abruptio placentae (%) 9 4 5
Pulmonary edema (%) 8 4 3
Subcapsular liver hematoma 1.5 0 0

(%)
Intracerebral hemorrhage (%) 1.5 0 0
Death (%) 1.5 0 0

From Audibert F, Friedman SA, Frangieh AY, Sibai BM. Clinical utility of strict 
diagnostic criteria for the HELLP (hemolysis, elevated liver enzymes, and low platelets) 
syndrome. Am J  Obstet Gynecol. 1996; 175:460.
*P < .001, HELLP vs. partial and severe HELLP.
Percentages of women who had cesarean delivery.
%P <  .05, HELLP vs. severe HELLP.
§/>< .05, partial vs. severe HELLP.
HELLP, hemolysis, elevated liver enzymes, and low platelets.

increased rates of wound hematomas and the need for transfu
sion of blood and blood products.10*1 The rate of these complica
tions depends on the population studied, the laboratory criteria 
used to establish the diagnosis, and the presence of associated 
preexisting medical conditions (chronic hypertension, lupus) or 
obstetric complications (abruptio placentae, peripartum hemor
rhage, fetal demise, eclampsia).104 The development of HELLP 
syndrome in the postpartum period also increases the risk for 
renal failure and pulmonary edema. The presence of placental 
abruption increases the risk for DIC, pulmonary edema, and 
renal failure and also increases the need for blood transfusions. 
Patients who have a large volume of ascites appear to have a high 
rate of cardiopulmonary complications. Finally, women who 
meet all the criteria suggested for diagnosis will have higher rates 
of maternal complications than those who have partial HELLP 
or elevated liver enzymes only (Table 31-9).

It is generally agreed that perinatal mortality and morbid
ity are substantially increased in pregnancies complicated by
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676 Section V Complicated Pregnancy

the HELLP syndrome. The reported perinatal death rate in 
recent series ranged from 7.4%  to 34% , and this high peri
natal death rate is mainly experienced at a very early gesta
tional age (<28 weeks) in association with severe FGR or 
placental abruption.104 It is important to emphasize that neo
natal morbidities in these pregnancies are dependent on gesta
tional age at time of delivery, and they are similar when corrected 
for gestational age to those in preeclamptic pregnancies without 
the HELLP syndrome. The rate of preterm delivery is about 
70%, and 15% occur before 28 weeks’ gestation. As a result, 
these infants have a high rate of acute neonatal complications.

The HELLP syndrome may develop antepartum or post
partum. Analysis of 442 cases studied by Sibai and associates 
revealed that 309 (70%) had evidence of the syndrome antepar
tum, whereas 133 (30%) developed the condition postpartum. 
Four maternal deaths were reported, and morbidity was frequent 
(Table 31-10).

In the postpartum period, the time of onset of the manifesta
tions can range from a few hours to 7 days, but most develop 
within 48 hours postpartum. Thus laboratory assessment for 
potential HELLP syndrome should be considered during 
the first 48 hours postpartum in women with significant 
hypertension or symptoms o f severe PE. Eighty percent of 
the women who develop HELLP syndrome postpartum had 
PE before delivery, whereas 20% had no evidence of PE during 
either the antepartum or intrapartum periods. It is my experi
ence that patients in this group are at increased risk for

TABLE 31-10 S E R IO U S  M A T E R N A L  C O M P L IC A T IO N S  

IN 442 P A T IE N T S  W IT H  

H ELLP S Y N D R O M E

COMPLICATION N <%)

Disseminated intravascular coagulation 92 (21)
Abruptio placentae 69 (16)
Acute renal failure 33 (8)
Severe ascites 32 (8)
Pulmonary edema 26 (6)
Pleural effusions 26 (6)
Cerebral edema 4 (1 )
Retinal detachment 4 (1 )
Laryngeal edema 4 (1 )
Subcapsular liver hematoma 4 (1 )
Adult respiratory distress syndrome 3 (1)
Death, maternal 4 (1 )

From Sibai BM, Ramadan MK, Usta I, et al. Maternal morbidity and mortality in 442 
pregnancies with hemolysis, elevated liver enzymes, and low platelets (HELLP syndrome). 
Am J  Obstet Gynecol. 1993; 169:1000.
HELLP, hemolysis, elevated liver enzymes, and low platelets.

the development of pulmonary edema and acute renal failure 
(Table 31-11). The differential diagnosis should include exacer
bation of SLE, TTP, and HUS.

RECOMMENDED MANAGEMENT
The clinical course of women with HELLP syndrome is usually 
characterized by progressive and sometimes sudden deteriora
tion in maternal and fetal condition. Therefore patients with a 
suspected diagnosis o f HELLP syndrome should be hospital
ized immediately and observed in a labor and delivery unit 
(Fig. 31-5). Such patients should be managed as i f  they have 
PE with severe features and should initially receive IV mag
nesium sulfate as prophylaxis against convulsions and anti
hypertensive medications to maintain systolic BP below 
160 mm Hg or diastolic BP below 105 mm Hg.104 This can 
be achieved with a 5-mg bolus dose o f hydralazine repeated 
as needed every 20 minutes for a maximal dose o f 25 mg/ 
hour. BP is recorded every 20 minutes during therapy and 
every hour once the desired values are achieved. If hydralazine 
does not lower BP adequately, or if  maternal side effects such as 
tachycardia or headaches develop, another agent such as labetalol 
or nifedipine can be used.

The recommended dose o f labetalol is 20 to 40 mg given 
intravenously every 10 minutes for a maximum o f 300 mg, 
and the dose o f nifedipine is 10 to 20 mg orally every 20 
minutes for a maximum dose o f 50 mg within an hour. 
During the observation period, maternal and fetal condi
tions should be followed carefully.

The recommended regimen o f magnesium sulfate is a 
loading dose o f 6 g given over 20 minutes, followed by a 
maintenance dose o f 2 g/hr as a continuous IV solution. 
Magnesium sulfate is initiated at the beginning of the observa
tion period and is then continued during labor and for at 
least 24 hours postpartum. In those with abnormal renal 
function (oliguria or serum creatinine >1.2 mg/dL), the dose 
of magnesium sulfate should be reduced and perhaps even 
discontinued.

Once the diagnosis of HELLP syndrome is confirmed, a deci
sion must be made regarding the need for delivery (see Fig. 
31-5). Women with HELLP syndrome at less than 35 weeks’ 
gestation should be referred to a tertiary care facility if  their 
condition is stable. The first priority is to assess and stabilize the 
maternal condition, particularly BP and coagulation abnormali
ties. The next step is to evaluate fetal status with the use of fetal 
heart rate (FHR) monitoring, biophysical profile (BPP), or 
Doppler assessment of fetal vessels. Finally, a decision must be 
made as to whether delivery should be initiated or delayed for

TABLE 31-11 O U T C O M E  A N D  C O M P L IC A T IO N S  OF H ELLP S Y N D R O M E  IN R E L A T IO N  T O  T IM E  OF O N S E T

ANTEPARTUM ONSET (n = 309) (%)

Delivery at <27 wk* 15
Delivery at 37-42 wk+ 15
Pulmonary edema 5
Acute renal failure+ 5
Eclampsia 7
Abruptio placentae 16
DIC 21

POSTPARTUM ONSET (#? = 133) (%) RELATIVE RISK 95% Cl

3 4.84 2.0-11.6
25 0.61 0.41-0.91

9 0.50 0.24-1.05
12 0.46 0.24-0.87
10 0.73 0.38-1.40
15 1.05 0.65-1.70
20 1.09 0.73-1.64

From Sibai BM, Ramadan MK, Usta I, et al. Maternal morbidity and mortality in 442 pregnancies with hemolysis, elevated liver enzymes, and low platelets (HELLP syndrome). Am J  
Obstet Gynecol. 1993; 169:1000.
*P < .0007.
+P < .002.
CI, confidence interval; DIC, disseminated intravascular coagulation; HELLP, hemolysis, elevated liver enzymes, and low platelets.
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No

FIG 31-5 An algorithm for the management of hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome. IV, intravenous.

48 hours to allow the full benefit of corticosteroids. Thus in 
practice, prompt delivery is undertaken in all patients with 
true HELLP syndrome except in those with a gestational age 
between 24 to 34  weeks with stable maternal and fetal condi
tions. These latter patients are given betamethasone and are 
generally then delivered within 24 hours alter the last dose 
of corticosteroids. Maternal and fetal conditions are assessed 
continuously during this time. In some o f these women, 
transient improvement in maternal laboratory values may be
seen; however, delivery is still recommended despite such

104improvement.

INTRAPARTUM M ANAGEM ENT
The presence o f HELLP syndrome is not an indication for 
immediate cesarean delivery, and such an approach might 
prove detrimental for both mother and fetus. The decision 
to perform a cesarean delivery should be based on gestational 
age, fetal condition, the presence o f labor, and the cervical 
Bishop score. Elective cesarean delivery is recommended for 
all women with HELLP syndrome before 30 weeks’ gestation 
who are not in labor and have a Bishop score o f less than 5. 
Elective cesarean delivery is also undertaken for those with 
HELLP syndrome complicated by FGR or oligohydramnios, 
particularly i f  the gestational age is less than 32 weeks in the 
presence o f an unfavorable cervical Bishop score (Box 31-8).

Women in labor and those whose membranes have ruptured 
are allowed to deliver vaginally in the absence of obstetric com
plications. W hen induction is indicated, labor is initiated with 
either oxytocin infusion or prostaglandins in patients with a 
gestational age of more than 30 weeks, irrespective of the amount 
of cervical dilation or effacement. A similar approach is used for 
those at 30 weeks’ gestation or less if  the cervical Bishop score 
is at least 5.

Maternal pain relief during labor and delivery can be provided 
by intermittent use of small doses of systemic opioids. Local 
infiltration anesthesia can be used for all vaginal deliveries if  an 
episiotomy or repair of a laceration is necessary. The use of a 
pudendal block is contraindicated in these patients because of 
the risk for bleeding and hematoma formation into this area.

BOX 31-8 INDICATIONS AND MANAGEMENT DURING 
CESAREAN DELIVERY IN HELLP SYNDROME

Indications for Cesarean Delivery
• N o n re a s s u rin g  fe ta l s ta tus
• A b n o rm a l fe ta l p re s e n ta tio n
• G e sta tio n  <30 w eeks and B ish o p  sco re  <5
• G e s ta tio n  <32 w eeks w ith  IUGR o r o lig o h y d ra m n io s  and 

B ish o p  sco re  <5
• K n o w n  su b c a p s u la r liv e r h e m a to m a
• S u sp e c te d  a b ru p tio  p lacen tae

Management During Cesarean Delivery
• G enera l a n esthes ia  fo r  p la te le t c o u n t <75,0 0 0 /m m 3
• T ra n s fu se  6 U o f  p la te le ts  if  c o u n t <40,0 0 0 /m m 3
• In se rt su b fasc ia l d ra in
• S e co n d a ry  sk in  c lo su re  o r leave s u b c u ta n e o u s  d ra in
• O bserve  fo r  b le e d in g  fro m  u p p e r a b d o m e n  b e fo re  

c lo s u re

HELLP, hemolysis, elevated liver enzymes, and low platelets; IUGR, intra
uterine growth restriction.

Epidural anesthesia is also contraindicated, particularly if  the 
platelet count is less than 75,000/mm’. Therefore general anes
thesia is the method o f choice for cesarean delivery in most 
thrombocytopenic women. O ’Brien and coworkers assessed 
the impact of glucocorticoid administration on the use of epi
dural anesthesia in 37 women with partial HELLP syndrome 
who had a platelet count of less than 90,000/mm1 before steroid 
administration. They found that administration of corticoste
roids in these patients increased the use of epidural anesthesia, 
particularly in those who achieved a latency period of 24 hours 
before delivery (8 of 14 in the steroid group vs. 0 of 10 in the 
group that did not receive steroids; P  = .006).

Platelet transfusions are indicated either before or after 
delivery in all patients with HELLP syndrome in the pres
ence o f significant bleeding—such as subcapsular hematoma 
of the liver, ecchymosis, bleeding from gums, oozing from
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FIG 31-6 Subfascial drains used at the time of cesarean section.

puncture sites and wounds, or intraperitoneal bleeding— 
and in all those with a platelet count less than 20,000/mm3.
However, repeated platelet transfusions are generally not neces
sary because of the short half-life of the transfused platelets in 
such patients. Correction of thrombocytopenia is also important 
before any surgery. Administration of 6 units of platelets is 
recommended in all patients with a platelet count less than 
40,000 to 50,000/mm3 before intubation if  cesarean delivery is 
needed. Generalized oozing from the incision site can occur 
during surgery or in the immediate postpartum period because 
of the continued drop in platelet count in some patients. The 
risk for hematoma formation at these sites is about 20%, and 
some prefer to use a vertical skin incision for this reason, whereas 
others use a subfascial drain and keep the skin incision open 
for at least 48 hours in women who require cesarean delivery 
(Fig. 31-6).104

POSTPARTUM MANAGEMENT
After delivery, patients with HELLP syndrome should receive 
close monitoring of vital signs, fluid intake and output, labora
tory values, and pulse oximetry for at least 48 hours. IV mag
nesium sulfate prophylaxis is generally continued for 48 hours, 
and antihypertensive drugs are used if the systolic BP is at least 
155 mm Hg or if the diastolic BP is at least 105 mm Hg. In 
general, most women will show evidence o f resolution of 
the disease process within 48 hours after delivery. However, 
some patients— especially those with placental abruption 
complicated by DIC, severe thrombocytopenia (platelet 
count <20,000/mm3), or severe ascites or those with signifi
cant renal dysfunction— may show delayed resolution or 
even deterioration in their clinical condition. Such patients 
are at risk for the development of pulmonary edema from trans
fusion of blood and blood products, fluid mobilization, and 
compromised renal function. These patients are also at risk for 
acute tubular necrosis and may require dialysis and intensive 
monitoring for several days. Some authors have suggested that 
such patients might benefit from plasmapheresis or plasma 
transfusions. In practice, most of these women will recover with 
supportive therapy only. If the patient continues to deteriorate 
for more than 72 hours after delivery, however, or shows 
improvement in laboratory values and then starts to show 
thrombocytopenia and abnormal liver enzymes again, a diag
nosis o f TTP/HUS should be considered. In such cases, plas
mapheresis is indicated.

FIG 31-7 Computed tomographic scan of the liver demonstrates 
hepatic infarct.

The clinical and laboratory findings of HELLP syndrome may 
first appear during the postpartum period.101 In these women, 
the time of onset of the manifestations ranges from a few hours 
to 7 days, although most develop within 48 hours postpar
tum. 104 Hence, all postpartum women and their health care 
providers should be educated to be aware of the signs and symp
toms of HELLP syndrome. Management of patients with post
partum HELLP syndrome should be similar to that in the 
antepartum period, including the use of magnesium sulfate.

Hepatic Complications in HELLP Syndrome
Marked elevations in serum aminotransferases (>1000 to 
2000 IU/L) are not typical o f uncomplicated HELLP syn
drome; however, when they do occur, the possibility of 
hepatic infarction and subcapsular hematoma o f the liver 
must be considered. The differential diagnosis should also 
include AFLP, abruptio placentae with DIC, acute cholecystitis 
with sepsis, viral hepatitis, and TTP. In addition to the signs and 
symptoms of PE, physical examination findings consistent with 
peritoneal irritation and hepatomegaly may be present.

HEPATIC INFARCTION
Marked elevation in serum aminotransferases (usually 1000 to
2000 IU/L or higher) and LDH (usually 10,000 to 20,000 IU/L) 
associated with right upper quadrant pain and fever is charac
teristic of hepatic infarction; this diagnosis can be confirmed by 
hepatic imaging (Fig. 31-7). Follow-up imaging after delivery 
typically demonstrates resolution of the infarcts. These women 
may have underlying antiphospholipid antibody syndrome.104

HEPATIC HEMATOMA AND RUPTURE
HELLP syndrome may be complicated by hepatic rupture 
with the development o f a hematoma beneath the Glisson 
capsule (Fig. 31 -8). Histology of the liver adjacent to the rupture 
shows periportal hemorrhage and fibrin deposition along with 
a neutrophilic infiltrate suggestive of hepatic PE. The hematoma 
may remain contained or it may rupture, with resulting
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Liver hematoma at 40 weeks 
Pleural effusions, intubation

8/27/2013 9/10/2013

FIG 31-8 Computed tomographic scan of liver demonstrates subcapsular hematoma at presentation and 2 weeks postpartum.

hemorrhage into the peritoneal cavity. Women who develop a 
hepatic hematoma typically have abdominal pain, and many 
have severe thrombocytopenia, shoulder pain, nausea, and vom
iting. The aminotransferases are usually modestly elevated, but 
values of 4000 to 5000 IU/L can occasionally be seen. If hepatic 
rupture occurs, swelling of the abdomen from hemoperitoneum 
and shock rapidly ensue.

The management o f a contained hematoma is to support 
the patient with volume replacement and blood transfusion, 
as needed, with consideration for percutaneous embolization 
of the hepatic arteries. If the size of the hematoma remains 
stable and the laboratory abnormalities are resolving, the patient 
may be discharged home with outpatient follow-up. It may take 
months for the hematoma to resolve completely.

Surgical repair has been recommended for hepatic hemor
rhage without liver rupture. This complication, however, can be 
managed conservatively in patients who remain hemodynami- 
cally stable. Management should include close monitoring of 
hemodynamics and coagulation status. Serial assessment of the 
subcapsular hematoma with ultrasound or computed tomogra
phy (CT) is necessary, as is immediate intervention for rupture 
or worsening of maternal status. It is important with conserva
tive management to avoid exogenous sources of trauma to the 
liver—such as abdominal palpation, convulsions, or emesis— 
and to use care in transportation of the patient. Indeed, any 
sudden increase in intraabdominal pressure could potentially 
lead to rupture of the subcapsular hematoma (Fig. 31-9).

Rupture o f a subcapsular hematoma o f the liver is a life- 
threatening complication o f HELLP syndrome. Profound 
hypovolemic shock in a previously hypertensive patient is the 
hallmark of hematoma rupture. In most instances, rupture 
involves the right lobe and is preceded by the development of a 
parenchymal hematoma. Patients frequently present with shoul
der pain, shock, evidence of massive ascites, respiratory diffi
culty, pleural effusions, and often with a dead fetus. Ultrasound 
or CT of the liver should be performed to rule out the presence 
of subcapsular hematoma of the liver and to assess for the pres
ence of intraperitoneal bleeding. Paracentesis can confirm intra
peritoneal bleeding.

The presence o f ruptured subcapsular liver hematoma that 
results in shock is a surgical emergency that requires acute 
multidisciplinary treatment (Box 31-9). Resuscitation should 
consist of massive transfusions of blood, correction of coagu
lopathy with FFP and platelets, and immediate laparotomy.

FIG 31-9 Subcapsular hematoma in a patient with hemolysis, elevated 
liver enzymes, and low platelets (HELLP) syndrome.

A team experienced in liver trauma surgery should be con
sulted. If hepatic rupture is suspected, an incision in the upper 
abdomen is necessary for adequate surgical exposure. A lower 
abdominal midline incision can be extended superiorly. If a 
Pfannenstiel incision was used for operative delivery, a separate 
upper abdominal midline incision should be made to maximize 
visualization of the upper abdomen and liver. Options at lapa
rotomy include packing and drainage, surgical ligation of the 
hemorrhaging hepatic segments, embolization of the hepatic 
artery to the involved liver segment, and loose suturing of the 
omentum or surgical mesh to the liver to improve integrity. 
Shrivastava and associates in a case report described the success
ful use of an argon-beam coagulator to obtain hemostasis from 
a ruptured liver hematoma in a patient with HELLP syndrome, 
although previous experience with this modality was unsuccess
ful. Even with appropriate treatment, maternal and fetal 
mortality is almost 50%. Mortality is most commonly associ
ated with exsanguination with coagulopathy and sepsis. 
Initial survivors are at increased risk for developing ARDS, 
pulmonary edema, liver failure, and acute renal failure in the 
postoperative period.

Reck and colleagues reviewed cases with HELLP syndrome- 
associated liver rupture (4 patients from their center in 
Germany and 49 identified from a MedLine literature search 
covering 1990 to 1999). Despite surgical interventions, HELLP 
syndrome-associated liver rupture carried a mortality rate of
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BOX 31-9 MANAGEMENT OF PATIENTS WITH 
DOCUMENTED SUBCAPSULAR HEMATOMA OF THE LIVER

General Considerations

1. Inform  the blood bank about the potentia l need fo r 
large am ounts o f packed red b lood cells, fresh-frozen 
plasm a, and plate le t concentrate.

2. Ensure consu lta tion  w ith  a general or vascular surgeon.
3. A vo id  d irect and ind irect m an ipu la tion  o f the liver.
4. A rrange fo r  close m o n ito rin g  o f hem odynam ic status.
5. A dm in is te r in travenous m agnesium  sulfate to  prevent 

seizures.

Unruptured Hematoma
• Conservative m anagem ent
• Correct coagu lopathy
• Serial com puted to m og rap hy  scans or ultrasound

Expanding or Ruptured Hematoma

• Massive transfusions
• Im m ediate laparo tom y

Minimal Bleeding
• O bservation
• D raining area w ith  closed suction

Severe Bleeding

• A pp lica tion  o f laparo tom y sponges as packs fo r  pressure
• Em bolization o f the hepatic artery to  the invo lved liver 

segm ent
• Surgical ligation o f hem orrhag ing  hepatic segm ent
• Loosely sutured om entum  or surgical mesh to  the liver 

to  im prove in tegrity
• A rgon beam coagu la tor to  live r surface
• Hepatic lobectom y
• Hepatectom y and tem po ra ry  portocaval shunt fo llow e d  

by liver transp lanta tion

39% (19 of 49) in their review. The main causes of death were 
hemorrhagic shock (n = 11) and multiorgan failure (n = 7). 
Based on their review, these authors suggested an interdisciplin
ary approach for patients with ruptured liver or hepatic failure 
that includes the use of temporary packing of the liver to control 
bleeding. In those patients with hepatic failure or uncontrollable 
hepatic hemorrhage, they noted that a liver transplantation as a 
last-resort measure must be considered.

LIVER TRANSPLANTATION FOR INTRACTABLE HEMORRHAGE
For women with intractable hemorrhage despite the previously 
described interventions, and for those with necrosis with subse
quent liver failure, liver transplantation has been successful in 
case reports and case series. Shames and colleagues queried the 
Organ Procurement and Transplantation Network database 
regarding liver transplantations performed for complications 
from HELLP syndrome. Eight deceased donor liver transplanta
tions were identified in the United States with this indication 
between October 1987 and November 2003. At the time of 
their review, six of the eight patients were alive, whereas two 
maternal deaths occurred within 1 month of transplantation. In 
addition, two patients required retransplantation. Based on the 
results of their review, these authors presented an algorithm in 
which liver transplantation is considered for patients with com
plicated HELLP syndrome, including ongoing, uncontrolled 
hemorrhage or liver necrosis and failure. From our experience

and review o f the literature, we have developed a manage
ment plan o f hepatic hematoma associated with HELLP syn
drome. This plan emphasizes the potential for transfusion of 
large amounts o f blood and blood products and the need for 
aggressive intervention i f  rupture o f the hematoma is sus
pected (see Box 31-9). We recommend that 30 units of packed 
red blood cells, 20 U of FFP, 30 to 50 U of platelets, and 20 to 
30 U of cryoprecipitate be available if  rupture o f a subcapsular 
hematoma is suspected.

We agree with the observations o f others that a stable 
patient with an unruptured subcapsular hematoma should 
be conservatively managed. Constant monitoring must con
tinue during this management, however, because patients can 
rapidly become unstable after rupture o f the hematoma. Survival 
clearly is associated with rapid diagnosis and immediate medical 
or surgical stabilization, so these patients should be managed in 
an intensive care unit (ICU) with close monitoring of hemody
namic parameters and fluid status to avoid the potential for 
pulmonary edema or respiratory compromise.

Postpartum follow-up for patients with subcapsular hema
toma of the liver should include serial CT, magnetic resonance 
imaging (M RI), or ultrasonography until the defect resolves. 
Although the data on subsequent pregnancy outcome after a 
subcapsular hematoma of the liver in pregnancy are limited, we 
have managed three such patients who have had subsequent 
normal maternal and fetal outcomes, and Wust and coworkers 
reported the successful outcome of four subsequent pregnancies 
in three women with a history of hepatic rupture and PE or 
HELLP syndrome.

Hemodynamic Monitoring in Preeclampsia
The cardiovascular hemodynamics of preeclampsia have been 
investigated over the years by many authors who have used 
various techniques for measurement of BP, cardiac output, pul
monary capillary wedge pressure (PCW P), and central venous 
pressure (CVP).

Hemodynamic findings in women with PE are variable. A 
review of the English literature demonstrates considerable dis
agreement regarding one or more of the hemodynamic param
eters studied. This lack of agreement has been attributed to 
differences in the definition of PE, variable severity and duration 
of the disease process, presence of underlying cardiac or renal 
disease, techniques used to measure cardiac output and BP, and 
therapeutic interventions applied before obtaining the various 
measurements. In addition, the dynamic minute-to-minute fluc
tuation of the cardiovascular parameters studied makes it diffi
cult to standardize the conditions under which these observations 
are made, which limits the value of a single measurement.

Invasive techniques have been used by many authors to study 
the hemodynamic findings in untreated women with severe PE. 
The reported cardiac index ranged from a low of 2.8 to a high 
of 4.8 L/m2 per minute, and the reported PCWP ranged from 
a low of 3.3 to a high of 12 mm Hg. The findings suggest that 
cardiac index and PCWP are either low or normal in severe PE. 
The reported CVP values also ranged from 2 to 6 mm Hg. The 
findings demonstrate that treated patients with PE have 
normal to high cardiac index, normal to high systemic vas
cular resistance index, and normal to high PCWP.

In summary, variable hemodynamic findings accompany 
PE. Moreover, the clinical utility o f invasive hemodynamic 
monitoring in PE is debatable. Most of the invasive monitor
ing data indicate that both cardiac output and systemic vascular
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Chapter 31 Preeclampsia and Hypertensive Disorders 681

resistance appear to be elevated in women with severe PE. This 
finding suggests that the problem in PE is a systemic vascular 
resistance that is inappropriately high for the level of cardiac 
output. Both the PCWP and the CVP appear to be in the low 
to normal range; however, no correlation is found between the 
two values.

Antepartum Management of Gestational 
Hypertension-Preeclampsia 
GESTATIONAL HYPERTENSION
Women with gestational hypertension-preeclampsia (GH- 
PE) are at risk for progression to severe hypertension, PE 
with severe features, HELLP syndrome, or eclampsia.'^ The 
risks are increased with a lower gestational age at the time o f 
diagnosis,1̂  and therefore these patients require close obser
vation o f maternal and fetal conditions. Maternal evaluations 
require weekly prenatal visits; education about reporting pre
eclamptic symptoms; and evaluation of CBC, platelet count, 
liver enzymes, and serum creatinine.13 Fetal evaluation includes 
ultrasound examination of fluid and estimated fetal weight at 
the time of diagnosis and weekly or twice weekly nonstress tests 
(NSTs) and evaluation of amniotic fluid volume (AFV).1'3 
Restriction of dietary salt and physical activity has not proved 
beneficial in the management of these patients.1-3 Additionally, 
the results o f several randomized trials reveal that control o f 
maternal BP with antihypertensive drugs does not improve 
pregnancy outcome in these women.

In the absence o f progression to severe disease, women 
with GH-PE can continue pregnancy until 37 weeks’ gesta
tion. During labor and immediately postpartum, they do not 
require seizure prophylaxis because the rate of eclampsia in these 
women is less than 1 in 500.1,2

The Hypertension and Preeclapmsia Intervention Trial At 
Term (HYPITAT) was a multicenter, open-label RCT con
ducted at 6 academic and 32 nonacademic hospitals in the 
Netherlands. It included 756 women with a singleton pregnancy 
at a gestational age between 360/7 weeks and 410/7 weeks who 
had mild GH (n — 496) or nonsevere GH («  = 246); 377 were 
randomized to induction, 379 to expectant monitoring. The 
primary outcome was a composite o f adverse maternal out
comes: progression to severe disease or HELLP syndrome, 
eclampsia, pulmonary edema, placental abruption, postpar
tum hemorrhage, thromboembolic disease, or death. Second
ary outcomes were a composite of adverse neonatal outcomes 
and rate of cesarean delivery. No cases of maternal, fetal, or 
neonatal death and no cases of eclampsia or abruption were 
reported in either group. However, women randomized to the 
induction group had a significant reduction in the primary 
outcome (31% vs. 44%; RR, 0.71; 95% C l, 0.59 to 0.86) 
mainly because o f differences in the rates o f severe hyperten
sion. No differences were found in the overall secondary out
comes; however, subgroup analysis revealed significant differences 
in the primary outcomes in the group enrolled with mild PE 
(33% vs. 54%; RR, 0.61; 95% C l, 0.45 to 0.8) but not in those 
with mild GH (31% VS. 38%; RR, 0.81; 95% C l, 0.63 to 1.03). 
Unfortunately, the sample size was inadequate to answer the 
question in those with nonsevere GH only. Moreover, in the 
induction group, the rate of cesarean delivery was lower in nul
liparous women and in those with a cervical Bishop score of less 
than 2, which refutes the belief that induction of labor in these 
women increases the rate of cesarean delivery. Results of this trial 
are summarized in Tables 31-12 and 31-13.

TABLE 31-12 MATERNAL OUTCOME IN RANDOMIZED 
TRIAL COMPARING INDUCTION 
AND EXPECTANT MONITORING 
IN MILD GESTATIONAL 

_____________ HYPERTENSION-PREECLAMPSIA_______

RELATIVE
INDUCTION
(n = 377) (%)

EXPECTANT
(n = 379) (%)

RISK
(95% Cl)

Composite adverse 117 (31) 166 (44) 0.71 (0.59-0.86)
outcome

HELLP syndrome 4 (1 ) 11 (3) 0
Pulmonary edema 0 2 (1) 0
Abruptio placentae 0 0 0
Eclampsia 0 0 0
Maternal ICU 6(2 ) 14(4) 0

admission
Cesarean delivery 54 (14) 72 (19) 0.75 (0.55-1.04)

Modified from Koopmans CM , Bijlenga D, Groen H, et al. Induction of labour versus 
expectant monitoring for gestational hypertension or mild pre-eclampsia after 36 weeks’ 
gestation (HYPITAT): a multicentre, open-label randomize controlled trial. Lancet. 
2009;374:979-988.
Cl, confidence interval; HELLP, hemolysis, elevated liver enzymes, and low platelets; 
ICU, intensive care unit.

TABLE 31-13 NEONATAL OUTCOME IN RANDOMIZED 
TRIAL COMPARING INDUCTION VERSUS 
EXPECTANT MANAGEMENT IN MILD 

_____________ HYPERTENSION-PREECLAMPSIA_______

NO. WITH NO. WITH 
INDUCTION EXPECTANT

NEONATAL OUTCOME <%) MONITORING (%)

Composite adverse outcome 24 (6) 32 (8)
Perinatal deaths 0 0
Apgar <7 at 5 min 7 (2 ) 9 (2)
Cord pH <7.05 9 (3) 19(6)
Neonatal intensive care unit 10 (3) 8 (2 )

admission
Respiratory distress 1 (0.25) 1 (0.25)

syndrome

Modified from Koopmans CM , Bijlenga D, Groen H, et al. Induction of labour versus 
expectant monitoring for gestational hypertension or mild pre-eclampsia after 36 weeks’ 
gestation (HYPITAT): a multicentre, open-label randomized controlled trial. Lancet. 
2009;374:979-988.

HOSPITALIZATION
In the past, management of these women has involved hospital 
bed rest for the duration of pregnancy with the belief that such 
management diminishes the frequency of progression to severe 
disease and allows rapid intervention in the event of sudden 
disease progression, including the development of placental 
abruption, eclampsia, or hypertensive crisis. However, these 
complications are extremely rare among compliant women with 
mild hypertension or nonsevere hypertension and absent symp
toms. In addition, the results of two randomized trials in women 
with GH and several observational studies in women with mild 
hypertension and nonsevere PE suggest that most o f these 
women can be safely managed at home or in a day care facil
ity provided they undergo frequent maternal and fetal 
evaluation.13

BED REST
Complete or partial bed rest for the duration o f pregnancy is 
often recommended for women with nonsevere hypertension- 
PE. No evidence to date suggests that this practice improves 
pregnancy outcome. In addition, no published randomized
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trials have compared complete bed rest and restricted activity 
in the management of women with PE. On the other hand, 
prolonged bed rest for the duration of pregnancy increases the 
risk for thromboembolism. The ACOG Task Force report rec
ommends that bed rest not be used in management of GH-PE.1

BLOOD PRESSURE MEDICATIONS
Several randomized trials have described the use o f antihy
pertensive drugs compared with no treatment or a placebo 
in the management o f women with nonsevere hypertension 
or PE remote from term. Overall, these trials revealed lower 
rates o f progression to severe disease with no improvement 
in perinatal outcome.1'5 Of note, the sample size of these trials 
is inadequate to evaluate differences in FGR, abruptio placentae, 
perinatal death, or maternal outcome. It is recommended that 
antihypertensive medications not be used routinely to control 
mild levels o f hypertension.

FETAL AND MATERNAL SURVEILLANCE
It is universally agreed that fetal testing is indicated during 
expectant management o f women with GH or PE.1'3 Most 
authorities in the United States recommend daily fetal move
ment counting (FMC) in association with either an NST or 
BPP to be performed at the time o f diagnosis and serially 
thereafter until delivery (1 to 2 times per week).13 Because 
uteroplacental blood flow may be reduced in some of these 
women, ultrasound estimation of fetal weight and amniotic fluid 
status is also recommended at the time of diagnosis and serially 
thereafter, with the frequency depending on findings. Doppler 
flow velocimetry is recommended in the presence of suspected 
IUGR.1,3 The frequency of these tests is usually dependent on 
the severity of hypertension or PE, gestational age at the time 
of diagnosis, and fetal growth findings. Most clinical series 
suggest testing once weekly in women with GH or PE, twice 
weekly if  fetal growth delay is suspected, and daily during 
expectant management of women with PE without severe fea
tures at less than 32 weeks’ gestation. However, no large prospec
tive studies have assessed outcomes of these monitoring 
techniques in women with GH or PE.

Maternal surveillance is indicated in all women with GH 
and PE. The goal o f monitoring in women with GH is to 
observe progression o f the condition to severe hypertension 
or to PE.1 3 In women with PE, the goal is early detection o f 
progression to PE with severe features. In those with severe 
features, the goal is to detect the development of organ dys
function; therefore all such women should be evaluated for

symptoms of organ dysfunction such as severe headaches, visual 
changes, altered mentation, right upper quadrant or epigastric 
pain, nausea or vomiting, and shortness of breath.1'3 In addition, 
they should undergo laboratory testing for serum creatinine, 
platelet count, and liver enzymes. Coagulation function tests 
are not necessary in the presence o f a normal platelet count 
and liver enzymes. The frequency o f laboratory testing will 
depend on the initial findings, the severity o f the maternal 
condition, and the ensuing clinical progression.

RECOMMENDED MANAGEMENT
The primary objective of management in women with GH-PE 
must always be safety of the mother and then delivery of a 
mature newborn that will not require intensive and prolonged 
neonatal care. This objective can be achieved by formulating a 
management plan that takes into consideration the severity of 
the disease process, gestational age, maternal and fetal status at 
the initial evaluation, presence of labor, and the wishes of the 
mother.

HYPERTENSION OR PREECLAMPSIA WITHOUT 
SEVERE FEATURES
Once the diagnosis of GH or PE is made, subsequent manage
ment will depend on the results of maternal and fetal evaluation 
(Fig. 31-10). In general, women with disease that develops 
at 37 weeks’ gestation or later should undergo induction of 
labor.

In women who remain undelivered, close maternal and fetal 
evaluation are essential. These women are instructed to eat a 
regular diet with no salt restriction and to restrict their activity, 
but complete bed rest is not advised. Diuretics and antihyper
tensive medications are not used because of the potential to 
mask the diagnosis of severe disease.1 At the time of initial and 
subsequent visits, women are educated and instructed about 
reporting symptoms of severe PE. Those who are managed as 
outpatients are also advised to come to the hospital or out
patient facility immediately i f  they develop abdominal pain, 
significant headache, uterine contractions, vaginal spotting, 
or decreased fetal movement.

In women with nonsevere GH, fetal evaluation should include 
an NST and an ultrasound examination of estimated fetal 
weight (EFW) and AFV using the amniotic fluid index (AFI). 
If the results are normal, repeat testing is performed every week 
as previously described.

Maternal evaluation includes weekly measurements of hema
tocrit, platelet count, serum creatinine, and liver function tests.

Pregnancy prolongation 
for fetal benefit 

Definite risks to mother 
Potential risks to fetus

FIG 31-10 Management plan for patients with gestational hypertension-preeclampsia.
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FIG 31-11 Management plan for patients with preeclampsia with severe features before 34 weeks' gestation. HELLP, hemolysis, elevated liver 
enzymes, and low platelets; REDF, reversed end-diastolic flow.

The women are usually seen twice a week for evaluation of 
maternal BP, urine protein by dipstick or P/C ratio (GH only), 
and symptoms of impending eclampsia. This evaluation is 
extremely important for early detection of progression to severe 
disease. The onset of maternal symptoms and/or a sudden 
increase in BP to severe values requires prompt hospitalization 
for close evaluation.

In women with PE at less than 37 weeks’ gestation but at 
more than 32 weeks, outpatient management can be consid
ered for reliable patients with a systolic BP o f 155 mm Hg 
or less or diastolic BP o f 105 mm Hg or less and no symp
toms. Women who do not satisfy these criteria are hospital
ized, particularly those with PE before 32 weeks. During 
ambulatory management, women are instructed to have limited 
activity at home and are given instructions about prompt report
ing of symptoms of severe disease; these women are then seen 
twice weekly. Fetal evaluation includes daily FM C, twice-weekly 
NST, and serial ultrasound evaluation of fetal growth and AFV. 
If disease progression is evident— that is, if  a significant increase 
in BP to levels above the threshold mentioned previously, new 
onset of symptoms, evidence of abnormal blood tests, or abnor
mal fetal growth are apparent— these women are hospitalized for 
the duration of pregnancy. Women managed in the hospital 
receive similar maternal and fetal evaluations. Obstetric manage
ment is summarized in Figure 31-11.

PREECLAMPSIA WITH SEVERE FEATURES 
The incidence of preeclampsia with severe features ranges from 
0.6% to 1%.105 Pregnancies complicated by PE with severe 
features are associated with serious maternal and perinatal com
plications, particularly preterm delivery, FGR, placental abrup
tion, and perinatal death (Table 31-14). As a result, knowledge 
of the anticipated maternal, fetal, and neonatal risks is essential 
for appropriate counseling and management.

Expectant Management
The clinical course of PE with severe features may be charac
terized by progressive deterioration in both maternal and fetal 
conditions. Because these pregnancies have been associated 
with increased rates o f maternal morbidity and mortality and 
with significant risks for the fetus (growth restriction, hypox
emia, and death), it is generally agreed that all such patients 
should be delivered i f  the disease develops after 34 weeks’ 
gestation. Prompt delivery is also indicated when eclampsia is 
imminent—when persistent, severe symptoms do not respond 
to treatment— or in the presence of multiorgan dysfunction or 
severe IUGR (<5th percentile) in association with abnormal 
umbilical artery Doppler studies, such as reversed end-diastolic 
flow (REDF) or severe oligohydramnios (largest vertical pocket 
<2 cm), suspected placental abruption, nonreassuring fetal 
testing, gestational age less than 24 weeks, or fetal demise. 1~3,105
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684 Section V Complicated Pregnancy

TABLE 31-14 PREGNANCY OUTCOME IN WOMEN WITH MILD AND SEVERE PREECLAMPSIA

HAUTH ET AL* BUCHBINDER ET A L *16 HNAT ET AL23

M IL D SEVER E M IL D SEV E R E M IL D SEV E R E
O U T C O M E (n  = 2 1 7 ) (% ) (n  = 10 9 ) (% ) (n  = 6 2 ) (% ) (n  = 4 5 ) (% ) (n  = 8 6 ) (% ) (n  = 7 0 ) (% )

Delivery at <37 wk NR NR 25.8 66.7 14.0 33.0
Delivery at <35 wk 1.9’ 18.5* 9.7 35.6 2.3 18.6
SGA infant* 10.2 18.5 4.8 11.4 NR NR
Abruptio placentae 0.5 3.7 3.2 6.7 0 1.4
Perinatal death 1.0 1.8 0 8.9 0 1.4

*Included women with previous preeclampsia. The other studies included only nulliparous women. 
tRates for delivery at <34 wk.
NR, not reported; SGA, small for gestational age.

Although delivery is beneficial to the mother, it must be 
weighed against the risks associated with prematurity. In the 
past, it was believed that infants born prematurely to severely 
preeclamptic women had lower rates of neonatal mortality and 
morbidity compared with infants of similar gestational age born 
to nonpreeclamptic women. This belief was based on the clinical 
impression that fetuses of preeclamptic women have accelerated 
lung and neurologic maturation as a result of stress in utero. 
Reduced risk for prematurity-associated neonatal morbidity has 
never been documented in case-control studies. In contrast, 
several recent case-control investigations have demonstrated 
that premature infants born after PE with severe features 
have similar neonatal complications and mortality and have 
higher rates o f admission to neonatal ICUs compared with 
other premature infants o f similar gestational age. In addi
tion, the results o f case-controlled studies reveal that fetuses 
of preeclamptic women do not exhibit accelerated lung or 
neurologic maturation.104

During expectant management, women should be aware 
that the decision to continue such management will be made 
on a daily basis and that the median time o f pregnancy pro
longation is 7 days w ith  a  ran ge o f  2  to 35 days. Only three 
randomized trials have compared a policy of early elective deliv
ery after corticosteroids with a policy of delayed delivery.105 One 
trial was conducted in South Africa and included patients at a 
gestational age of 26 to 34 weeks, one United States trial included 
women at 28 to 32 weeks, and a recent trial from Latin Ameri
can countries included patients with a gestational age of 28 to
34 weeks. The first two studies totaled 133 women and revealed 
improved neonatal outcome in those who had delivery delayed, 
whereas the multicenter Latin American study revealed no peri
natal benefits and increased maternal morbidity. Nevertheless, 
the results of retrospective and observational studies of more 
than 2000 women suggest that expectant management is 
associated with reduced short-term neonatal morbidity in a 
select group o f women with a gestational age between 24 and 
32 weeks.1'3'104

In the past, uncertainty surrounded the efficacy and safety 
of corticosteroids administered to women with PE with severe 
features before 34 weeks’ gestation. A prospective double-blind 
randomized trial of 218 women with severe PE with a gesta
tional age between 26 and 34 weeks receiving either betametha
sone (n = 110) or placebo (n = 108) reported a significant 
reduction in the rate of RDS (RR, 0.53; 95% CI, 0.35 to 0.82) 
in the steroid-treated group. Corticosteroid use also was associ
ated with a reduction in the risks for neonatal intraventricular 
hemorrhage (RR, 0.35; 95% CI, 0.15 to 0.86), neonatal infec
tion (RR, 0.39; 95% CI, 0.39 to 0.97), and neonatal death (RR, 
0.5; 95% CI, 0.28 to 0.89). However, no differences were noted

in maternal complications between the two groups. Thus the 
data support the use o f steroids to reduce neonatal complica
tions in women with severe PE at 34  weeks’ gestation or less.

Recommended Management of Preeclampsia 
With Severe Features
The presence o f severe disease mandates immediate hospital
ization in labor and delivery. IV magnesium sulfate is begun 
to prevent convulsions, and antihypertensive medications are 
administered to lower severe levels o f hypertension (systolic 
pressure >160 mm Hg and/or diastolic pressure >110 mm Hg). 
The aim of antihypertensive therapy is to keep the systolic pres
sure between 140 and 155 mm Hg and the diastolic pressure 
between 90 and 105 mm Hg. During the observation period, 
maternal and fetal conditions are assessed, and a decision is made 
regarding the need for delivery (see Fig. 31-11). Those with a 
gestational age of 24 to 34 weeks are given corticosteroids to 
accelerate fetal lung maturity. Maternal evaluation includes 
monitoring of BP, intake and urine output, cerebral status, and 
the presence of persistent severe epigastric pain, tenderness, 
labor, or vaginal bleeding. Laboratory evaluation includes a 
platelet count, liver enzymes, and serum creatinine. Fetal evalu
ation includes continuous fetal heart monitoring, a BPP, and 
ultrasound assessment of fetal growth and AFV. Patients with 
resistant severe hypertension despite maximal doses of IV 
labetalol (300 mg within an hour) plus maximum doses of 
hydralazine (25 mg) or oral rapid-acting nifedipine (50 mg) 
or persistent cerebral symptoms while on magnesium sulfate 
are delivered irrespective o f gestational age.

After the initial evaluation, the need for immediate delivery 
versus the potential neonatal benefit and the relative maternal 
and fetal risks of expectant management should be determined.33 
Women who develop eclampsia, pulmonary edema, or docu
mented or suspected placental abruption; those with DIC 
or moderate to severe renal dysfunction (serum creatinine 
>1.5 mg/dL); and those with gestational age less than 230,? 
weeks’ gestation should be delivered after maternal stabiliza
tion. In addition, those with a nonreassuring FHR tracing 
(repetitive decelerations) and those with a persistent BPP of 
4 or less should be delivered promptly.33 Women with a fetus 
between 230/7 and 236/7 weeks should receive extensive counsel
ing about the minimal neonatal benefit and high maternal com
plications from expectant management, and treatment should 
be individualized.

For pregnancies at 240/ weeks or greater without any indi
cation for prompt delivery, corticosteroids are administered 
to accelerate fetal lung maturity.'1 W ith a gestational age 
between 330/ to 336/ weeks, severe FGR with absent or 
reversed umbilical artery diastolic flow, largest amniotic fluid
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Chapter 31 Preeclampsia and Hypertensive Disorders 685

vertical pocket less than 2 cm, preterm labor or premature 
rupture o f the membranes (PROM), HELLP syndrome or 
partial HELLP syndrome, or persistent symptoms—such as 
headaches, visual changes, epigastric or right upper quadrant 
pain, nausea, or vomiting— the fetus should be delivered no 
later than 24 hours after the last dose o f corticosteroids. 
These gravidas should remain on magnesium sulfate with 
continuous monitoring o f uterine contractions and FHR 
until delivery.

Women with a pregnancy between 240/7 and 326/7 weeks’ 
gestation with stable maternal and fetal conditions during the 
initial 24-hour observation period are considered candidates for 
expectant management (see Fig. 31-11). In these women, mag
nesium sulfate is generally discontinued after 24 hours with 
transfer to a high-risk antepartum floor for close observation. 
Because o f the potential for rapid deterioration in maternal 
and fetal conditions during expectant management, these 
women should generally be managed in a tertiary care hos
pital with adequate maternal and neonatal intensive care 
facilities. They should be cared for in consultation with a 
maternal-fetal medicine specialist, and the mother should 
receive counseling from a neonatologist.

Oral antihypertensive medications are used as needed to keep 
systolic BP between 140 and 155 mm Hg and diastolic BP 
between 90 and 105 mm Hg.33 Oral labetalol and oral calcium 
channel blockers (nifedipine or nicardipine) have been com
monly used in reported studies. My regimen consists o f an 
initial dose o f labetalol o f 200 mg every 8 hours to be 
increased up to 800 mg every 8 hours (600 to 2400 mg/day) 
as needed. If the maximal dose is inadequate to achieve the 
desired BP goal, short-acting oral nifedipine is added with 
an initial dose o f 10 mg every 6 hours and is subsequently 
increased up to 20 mg every 4 hours (40 to 120 mg/day). An 
alternative regimen may include the long-acting (XL) version of 
nifedipine (30 to 60 mg) every 8 hours. During titration of oral 
antihypertensive agents, if  the patient has persistent severe 
hypertensive episodes (systolic BP >160 mm Hg and/or dia
stolic BP >105 mm Hg), BP should be assessed every 15 
minutes. If the BP remains in the severe range after 60 minutes, 
the patient should be transferred to the labor and delivery unit 
for more intensive monitoring and treatment with IV medica
tions such as hydralazine or labetalol. Patients with resistant 
severe hypertension after maximal doses o f IV hydralazine 
(25 mg) or labetalol (300 mg) should receive magnesium 
sulfate and be delivered. In addition, patients who develop 
persistent severe hypertension despite combined maximal 
doses o f oral labetalol (2400 mg/day) plus short-acting nife
dipine (120 mg/day) or nifedipine XL (180 mg/day) should 
also be considered for delivery.

Maternal assessment includes frequent evaluation of symp
toms such as new onset of severe headaches that do not respond 
to repeated doses of analgesics, blurred or double vision or 
inability to see, confusion, persistent nausea, vomiting, epigas
tric or right upper quadrant pain, shortness of breath, uterine 
activity, and vaginal bleeding. In addition, intake and output 
should be closely monitored.33

Laboratory assessment includes daily testing of the CBC 
with platelet count, transaminases, LDH, and serum creatinine 
levels.32 Coagulation studies are obtained only if  thrombocyto
penia or suspicion of abruption is present.

Fetal assessment includes daily fetal kick counts, at least daily 
NST with uterine activity monitoring with a BPP if the NST

is nonreactive, and twice-weekly amniotic fluid assessment (see 
Chapter l l ) . 33 Ultrasound assessment of fetal growth is per
formed every 2 weeks.33 Severe oligohydramnios (largest ver
tical pocket <2 cm) is considered an indication for delivery in 
women with a gestational age of more than 30 weeks irrespective 
of other fetal testing results. In those at 30 weeks or less of gesta
tion, pregnancy may be continued with a reassuring NST, BPP, 
and umbilical artery Doppler studies. Umbilical artery Doppler 
studies are performed weekly, and they should be done more 
often when FGR is suspected or when testing reveals abnormal 
diastolic flow or severe oligohydramnios. If umbilical artery dia
stolic flow is absent, Doppler studies should be performed daily.

In general, most patients with preeclampsia without severe 
features managed expectantly will require delivery within 2 
weeks, but some patients may continue their pregnancies for 
several weeks. It is important to emphasize that this therapy 
is appropriate only in a select group o f patients and should 
be undertaken in a facility with adequate maternal and neo
natal intensive care facilities. Once the decision is made for 
delivery, magnesium sulfate should be administered in labor and 
for at least 24 hours postpartum.33

Intrapartum Management
The goals of management of women with gestational 
hypertension-preeclampsia are early detection of FHR abnor
malities and progression from mild to severe disease and preven
tion of maternal complications. Pregnancies complicated by PE, 
particularly those with severe disease or FGR, are at risk for 
reduced fetal reserve and placental abruption.2 Therefore women 
with PE should receive continuous monitoring of FHR and 
uterine activity. The presence of uterine tachysystole or recurrent 
FHR decelerations may be the first sign of placental abruption 
in these women.

Some women with GH-PE progress to severe disease as a 
result o f changes in cardiac output and stress hormones 
during labor. Therefore women with GH-PE should have BP 
recordings every hour and should be assessed for symptoms sug
gestive of severe disease. Those who develop severe hypertension 
or symptoms should be managed as patients with PE with severe 
features.

Maternal pain relief during labor and delivery can be provided 
by either systemic opioids or segmental epidural anesthesia. 
Epidural analgesia is considered to be the preferred method 
o f pain relief in women whose GH and PE are nonsevere.
Although no unanimity of opinion exists regarding the use of 
epidural anesthesia in women with PE with severe features, 
evidence suggests that epidural anesthesia is also safe in these 
women. A randomized trial of 116 women with severe PE who 
received either epidural analgesia or patient-controlled analgesia 
(PCA) reported no differences in cesarean delivery rates, and the 
group who received epidural had significantly better pain relief 
during labor.

The use of either epidural, spinal, or combined techniques 
of regional anesthesia is considered by most obstetric anesthesi
ologists to be the method of choice during cesarean delivery. 
In women with PE with severe features, general anesthesia 
carries the risk for aspiration and failed intubation owing to 
airway edema, and it is associated with marked increases in 
systemic and cerebral pressures during intubation and extu- 
bation.1 Women with airway or laryngeal edema may require 
awake intubation under fiberoptic observation with the 
availability o f immediate tracheostomy. Changes in systemic
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686 Section V Complicated Pregnancy

FIG 31-12 Retinal ischemia and injury in severe preeclampsia. A, Scattered, yellowish opaque lesions of the retinal pigment epithelium. B, Fluo- 
roscein angiograms showing patchy delayed filling of the choriocapillaris.

and cerebral pressures may be attenuated by pretreatment with 
labetalol or nitroglycerine injections. It is important to recognize 
that regional anesthesia is contraindicated in the presence 
of coagulopathy or severe thrombocytopenia (platelet count 
<50,000/mm3).

Prevention of Eclamptic Seizures
Magnesium sulfate is the drug o f choice to prevent convul
sions in women with preeclampsia. The results o f recent ran
domized trials revealed that magnesium sulfate is superior 
to placebo or no treatment for prevention o f convulsions 
in women with PE with severe features. The overall results 
of these four trials demonstrate that magnesium sulfate pro
phylaxis, compared with placebo (two trials, 10,795 women), 
nimodipine (one trial, 1750 women), and no treatment (one 
trial, 228 women) in severe PE is associated with a significantly 
lower rate of eclampsia (RR, 0.39; 95% C l, 0.28 to 0.55). 
Results from one of the largest randomized trials to date, that 
of 10,141 women with PE in 33 nations (largely in the Third 
World), has been recently reported. Almost all the enrolled 
patients had severe disease by U.S. standards: 50% received 
antihypertensives before randomization, 75% received antihy
pertensives after randomization, and the remainder had severe 
PE or imminent eclampsia. Among all enrolled women, the 
rate of eclampsia was significantly lower in those assigned to 
magnesium sulfate (0.8% vs. 1.9%; RR, 0.42; 95% C l, 0.29 to 
0.60). However, among the 1560 women enrolled in the western 
world, the rates of eclampsia were 0.5% in the magnesium group 
versus 0.8% with placebo, a difference that was not significant
(RR, 0.67; 95% C l, 1.19 to 2.37).

Two randomized placebo-controlled trials evaluated the effi
cacy and safety of magnesium sulfate in women with mild PE. 
One of these trials included 135 women, and the other included 
only 222 women. No instances of eclampsia were reported in 
either group in both of these trials. In addition, the findings of 
both studies revealed that magnesium sulfate does not affect 
either the duration o f labor or the rate o f cesarean delivery. 
However, neither of these studies had an adequate sample size 
to address the efficacy of magnesium sulfate to prevent convul
sions. Therefore whether magnesium sulfate treatment bene
fits women with mild PE remains unclear.

Control of Severe Hypertension
The objective of treating acute and sustained severe hypertension 
that lasts more than 60 minutes is to prevent cerebrovascular

and cardiovascular complications such as encephalopathy, hem
orrhage, and congestive heart failure (CHF) and to prevent 
retinal in jury (Fig. 31-12).1'2 For ethical reasons, no randomized 
trials have been done to determine the level of hypertension to 
treat in order to prevent these complications. Antihypertensive 
therapy is recommended by some for sustained systolic BP 
values of 160 mm Hg or more and for sustained diastolic values 
of 110 mm Hg or more. Some experts recommend treating 
diastolic levels of 105 mm Hg, and still others use a mean arte
rial BP of 130 mm Hg or more.1,2 The definition of sustained 
hypertension is not clear and ranges from 30 minutes to 2 hours.

I recommend that antihypertensive medications are 
indicated with sustained elevations in systolic BP to levels 
o f 160 mm Hg or greater and/or when diastolic BP is 
105 mm Hg or higher for at least 60 minutes.33 If the desired 
target of BP level is not achieved after maximum doses of IV 
medications are used, I recommend the insertion of an arte
rial line with the initiation of a continuous IV administration 
of medications such as nicardipine, nitroprusside, labetalol or 
nitroglycerine. This may require admitting the patient to an 
intensive care facility. Several antihypertensive medications can 
be used to treat severe hypertension in PE. The most commonly 
recommended medications include IV bolus doses of hydrala
zine, bolus doses of labetalol, or oral nifedipine (rapid-acting 
tablets or long-acting capsules). Other antihypertensive medica
tions recommended for treatment of severe hypertension have 
included IV nicardipine and mini boluses of diazoxide.

Despite the extensive literature on the subject, it remains 
unclear which is the ideal antihypertensive medication to use in 
the acute control of hypertension in women with severe PE. The 
results of a recent meta-analysis of relevant randomized trials 
found that parenteral hydralazine was associated with more 
adverse effects compared with other antihypertensives; however, 
such a finding was not confirmed in a recent large randomized 
trial. Based on the available evidence, hydralazine, labetalol, 
or nifedipine can be used to treat severe hypertension in 
PE.2'3'33 The provider should be familiar with the dosage to 
be used, the expected response, and potential side effects of 
each o f these drugs. Both hydralazine and nifedipine are associ
ated with tachycardia and headaches and thus are not the first 
drugs of choice in patients with a heart rate above 100 beats/ 
min. In such case, labetalol is preferred. Labetalol, however, 
should be avoided in patients with moderate to severe asthma, 
bradycardia (heart rate <60 beats/min), and in those with CHF. 
Compared with other antihypertensive medications, nifedipine
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Chapter 31 Preeclampsia and Hypertensive Disorders 687

has the advantage of increased renal blood flow with an associ
ated increase in urine output.33 Thus it may be the drug of choice 
in those with decreased urine output and for treatment of severe 
hypertension in the postpartum period.33 In the past, there has 
been a theoretic concern that the combined use of magnesium 
sulfate and nifedipine in patients with severe PE can result in 
excessive hypotension and neuromuscular blockade. However, a 
recent review on this subject found that therapy with both 
magnesium sulfate and nifedipine does not increase the risk for 
the previously described complications in women with PE. Nev
ertheless, if  neuromuscular blockade develops in these patients, 
this can be easily reversed by the administration of 1 g of IV 
calcium gluconate.

For the treatment o f severe hypertension in pregnancy, the 
recommended dosage is IV hydralazine given as bolus injec
tions o f 5 to 10 mg every 20 minutes for a maximal dose of
25 mg in 60 minutes. The recommended dose o f labetalol is 
20 to 80 mg intravenously every 10 minutes for a maximal 
dose o f 300 mg; and the dosage o f nifedipine is 10 to 20 mg 
orally every 20 minutes for a maximal dose o f 50 mg within 
60 minutes.33 Sustained BP values of 160 mm Hg systolic or 
more or 105 to 110 mm Hg diastolic or more for at least 
60 minutes require therapy intrapartum. It is important to 
emphasize that BP recordings during labor that utilize electronic 
equipment may not be reliable for lack of a standardized cuff 
position and for the effects of labor and pain. Therefore BP 
recordings should be accurately measured and then confirmed 
with a sphygmomanometer prior to the use of acute IV medica
tions to treat severe sustained systolic hypertension. For women 
with severe thrombocytopenia and sustained systolic values 
greater than 150 mm Hg or diastolic readings greater than 
100 mm Hg are the recommended thresholds for therapy.33 For 
this author, the first-line agent is IV labetalol, and if maximal 
doses are ineffective, hydralazine can be added. Oral nifedip
ine is my first choice in the postpartum period.

Mode of Delivery
No randomized trials have compared the optimal method of 
delivery in women with GH-PE. A  plan for vaginal delivery 
should be attempted in all women with disease without other 
indications for cesarean delivery and in most women with 
severe disease, particularly those beyond 30 weeks’ gesta
tion.1,2'17 The decision to perform a cesarean delivery should be 
based on gestational age, fetal condition, presence of labor, and 
cervical Bishop score. In general, the presence of PE with severe 
features is not an indication for cesarean delivery per se.

No randomized trials have compared the optimal methods 
of delivery in patients with severe hypertension or severe 
PE. The method for delivery will depend on gestational age, 
cervical Bishop score, and fetal condition. The cesarean delivery 
rate among reported studies33 in patients as less than 34 weeks’ 
gestation ranged from 66% to 96% with the higher rates for 
patients with onset prior to 28 weeks’ gestation. This high cesar
ean delivery rate is expected considering that a deterioration in 
either fetal or maternal condition is the indication for delivery 
during expectant management (high rates of severe FGR, oligo
hydramnios, nonreassuring fetal status, abnormal presentation, 
and maternal complications).33 Thus, a very small percentage of 
these patients will be considered candidates for medical induc
tion of labor.

Several retrospective studies have evaluated induction of labor 
in patients with PE before 34 weeks’ gestation and absent any

contraindication for induction. However, most of the women 
included in these studies had a gestational age beyond 32 weeks 
at the time of induction, and only two of these studies included 
data on patients earlier than 28 weeks undergoing induction of 
labor.33 Both of these studies reported a cesarean delivery rate 
above 95% and thus recommended elective cesarean delivery in 
such patients.

In general, the decision to perform a cesarean delivery 
versus a trial o f labor in such patients should be individ
ualized and based on one or more o f the following 
factors: fetal gestational age, fetal presentation, presence 
or absence o f severe FGR, oligohydramnios, results of 
umbilical artery Doppler, BPP, FHR monitoring, presence 
o f labor, and cervical Bishop score. On the basis o f the avail
able data, we recommend cesarean delivery for all women 
with a gestation o f less than 28 weeks and for those with 
severe FGR, severe oligohydramnios, BPP o f 4  or less, or 
reverse umbilical artery Doppler flow at less than 32 weeks 
of gestation.

Postpartum Management
During the immediate postpartum period, women with PE 
should receive close monitoring of BP and of symptoms consis
tent with severe disease, and accurate measurements of fluid 
intake and urinary output should be obtained.

These women often receive large amounts of IV fluids during 
labor as a result of prehydration before the administration of 
epidural analgesia, and IV fluids are given during the administra
tion of oxytocin and magnesium sulfate in labor and postpar
tum. In addition, during the postpartum period, mobilization 
of extracellular fluid leads to increased intravascular volume. 
As a result, women with severe PE— particularly those 
with abnormal renal function, capillary leak, or early-onset 
disease— are at increased risk for pulmonary edema and 
exacerbation o f severe hypertension postpartum. Careful 
evaluation o f the volume o f IV fluids, oral intake, blood 
products, and urine output are advised in addition to moni
toring by pulse oximetry and chest auscultation.2,33

In general, most women with GH become normotensive 
during the first week postpartum.1'2 In contrast, in women 
with PE, hypertension often takes longer to resolve. In addi
tion, in some women with PE, an initial decrease in BP is 
seen immediately postpartum, followed by development o f 
hypertension again between days 3 and 6. Moreover, a recent 
study found that resolution of hypertension and proteinuria 
may take up to 1 year postpartum. Oral antihypertensive drug 
treatment is recommended if the systolic BP is at least 
150 mm Hg or if the diastolic BP is at least 100 mm Hg. 
Various agents may be used. A common regimen is to prescribe 
oral nifedipine, 10 mg every 6 hours, or long-acting nifedipine.33 
If the BP is well controlled and maternal symptoms are absent, 
the woman is discharged home with instructions for daily BP 
measurements by a home-visiting nurse for the first week post
partum or longer if  necessary. Antihypertensive medications are 
discontinued if the BP remains below the hypertensive levels for 
at least 24 hours. Recently, some authors have suggested that 5 
days of oral furosemide therapy (20 mg/dL) enhances recovery 
and reduces the need for antihypertensive therapy in women 
with severe disease.

Severe hypertension or PE with severe features may de
velop for the first time during the postpartum period. Hence, 
postpartum women should be educated about the signs and
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symptoms o f severe hypertension or PE. These women are 
at increased risk for eclampsia, pulmonary edema, stroke, 
and thromboembolism. Therefore medical providers and 
personnel who respond to patient phone calls should be edu
cated and instructed about symptoms o f severe postpartum 
hypertension. Women who have persistent new-onset severe 
headaches that do not respond to maximum doses of analgesics 
or who have persistent severe visual changes or new-onset epi
gastric pain with nausea or vomiting and those with sustained 
severe hypertension require evaluation and potential hospitaliza
tion. Some women may require magnesium sulfate for at least
24 hours and antihypertensive therapy. If neurologic symptoms 
exist or the symptoms do not respond to magnesium sulfate and 
lowering of maternal BP, brain imaging is undertaken to rule 
out the presence of cerebral pathology.

Maternal and Perinatal Outcomes 
With Preeclampsia
Maternal and perinatal morbidity is substantially increased in 
women with severe GH. Indeed, these women have higher mor
bidity rates than women with mild preeclampsia.111 In addition, 
the rates of placental abruption, preterm delivery (at less than 
37 and 35 weeks), and rates of SGA infants in these pregnancies 
are similar to those observed in women with PE with severe 
features. However, whether this increase in rate of preterm deliv
ery is a result of early delivery chosen by the physician or because 
of the disease process itself remains unknown. Therefore these 
women should be managed as if  they had severe PE.33

Maternal and perinatal outcomes in PE are usually depen
dent on one or more o f the following four factors: (1) gesta
tional age at onset o f PE and at the time o f delivery, (2) the 
severity o f the disease process, (3) the presence o f multifetal 
gestation, and (4) the presence o f preexisting medical con
ditions such as pregestational diabetes, renal disease, or 
thrombophilias.

PE with severe features is also associated with an increased 
risk for maternal mortality (0.2%) and increased rates of mater
nal morbidity (5%), such as convulsions, pulmonary edema, 
retinal ischemia and injury (see Fig. 31-12), acute renal or liver 
failure, liver hemorrhage, DIC, and stroke. These complications 
are usually seen in women who develop PE before 32 weeks’ 
gestation and in those with preexisting medical conditions.

Counseling Women Who Have Had 
Preeclampsia in Prior Pregnancies
We examined the pregnancy outcomes and incidences of PE in 
subsequent pregnancies and the frequency of chronic hyperten
sion and diabetes mellitus in women who had severe PE (287 
women) or eclampsia (119 women) in their first pregnancies 
(aged 11 to 25 yr) compared with 409 women (aged 12 to
25 yr) who remained normotensive during their first pregnan
cies. Each woman had at least one subsequent pregnancy (range,
1 to 11) and was followed for a minimum of 2 years (range, 2 
to 24). No significant difference was reported in the inci
dences o f diabetes mellitus in the two groups (1.3% vs. 1.5%), 
but the incidence o f chronic hypertension was significantly 
higher in the PE patients (14.8% vs. 5.6%; P < .001). This 
difference became even greater for women followed more 
than 10 years (51% vs. 14%; P< .001). The incidence o f severe 
PE was also significantly higher in the second pregnancies 
(25.9% to 4.6%) and in the subsequent pregnancies (12.2% 
to 5.0%) o f women with PE.

In a later report, subsequent pregnancy outcome and long
term prognosis were studied in 108 women who had severe PE 
in the second trimester. These women were followed for a 
minimum of 2 years (range, 2 to 12 years) and had a total of 
169 subsequent pregnancies. Fifty-nine subsequent pregnancies 
(35%) were normotensive, and 110 (65%) were complicated by 
PE. Overall, 21%  o f all subsequent pregnancies were compli
cated by severe PE in the second trimester. In addition, these 
women had a higher risk for developing chronic hypertension; 
the highest incidence was in those who had recurrent severe PE 
in the second trimester (55%).

Hnat and associates23 reported subsequent pregnancy outcome 
in women with previous PE enrolled in a multicenter trial. The 
rate of recurrent PE was 17%. The authors also noted that these 
women had a high rate of severe PE and poor perinatal outcome. 
In addition, even in those who remained normotensive in their 
subsequent pregnancy, the likelihood of adverse pregnancy 
outcome (preterm delivery, SGA infants, and perinatal death) 
was greater.

Some women with PE remote from term may have placental 
abruption. The risk for this complication is increased signifi
cantly in those with PE before 34 weeks’ gestation and particu
larly in those who have PE in the second trimester. For women 
with PE complicated by placental abruption, the risk for 
abruption in subsequent pregnancies ranges from 5% to 
20%.

Pregnancy outcome and long-term prognosis were studied in 
37 women with PE complicated by pulmonary edema, and 18 
of these women had subsequent pregnancies. Ten of the 18 were 
normotensive, 4 were complicated by chronic hypertension, and
4 were had PE; 1 of the latter women also had pulmonary 
edema.

Pregnancy outcome and remote prognosis were also studied 
in 18 women with severe PE complicated by acute renal failure. 
All 18 had acute tubular necrosis, 9 of whom required dialysis, 
and 2 died within 8 weeks after birth. All women had serial 
evaluation of renal function, urine microscopic testing, and elec
trolyte studies at the onset of acute renal failure and during 
follow-up. All 16 surviving patients had normal renal function 
on long-term follow-up (average, 4 years). Four of the 16 women 
had seven subsequent pregnancies: one ended in miscarriage, 
one was complicated by PE at 35 weeks, and five were term 
pregnancies without complications.

Women with a history o f HELLP syndrome are at increased 
risk for all forms o f PE in subsequent pregnancies (Table
31-15). In general, the rate o f PE in subsequent pregnancies 
is about 20% , with significantly higher rates if the onset of 
HELLP syndrome is during the second trimester. The rate of 
recurrent HELLP syndrome ranges from 2% to 19% , and the 
most reliable data suggest a recurrence risk o f less than 5%. 
This lower rate of 5% has been recently confirmed by the results 
of a systemic review. Because of the previously mentioned risks, 
these women are informed that they are at increased risk for 
adverse pregnancy outcomes (preterm delivery, FGR, placental 
abruption, and fetal death) in subsequent pregnancies and there
fore require close monitoring during subsequent gestations. 
At present, no preventive therapy is available for recurrent 
HELLP syndrome. Case series describe subsequent pregnancy 
outcomes in women with previous ruptured liver hematomas. 
We have followed three such women through four subsequent 
pregnancies without complications. Other authors have reviewed 
the literature and have reported on several such women, who
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TABLE 31-15 PREGNANCY OUTCOME AFTER HELLP SYNDROME

NO. OF WOMEN NO. OF PREGNANCIES HELLP (%) PREECLAMPSIA <%)

Sibai et a l110 139 192 3 19
Sullivan et al111 122 161 19 23
Van Pampus et al112 77 92 2 16
Chames et a l113* 40 42 6 52

Modified from Sibai BM. Diagnosis, controversies, and management of HELLP syndrome. Obstet Gynecol. 2004; 103:981. 
*HELLP (hemolysis, elevated liver enzymes, and low platelets) at 28 weeks’ or less in a previous pregnancy.

had subsequent uneventful pregnancies under close maternal 
and fetal observation.

Liver function tests were studied in 54 women at a median 
of 31 months (range, 3 to 101 months) after pregnancies com
plicated by the HELLP syndrome. Serum levels of AST, LDH, 
and conjugated bilirubin were found to be normal. However, 
total bilirubin levels were elevated in 11 (20%) of the studied 
women. The authors of this report suggested the possibility that 
a dysfunction of the bilirubin-conjugating mechanism repre
sents a risk factor for the development of this syndrome.

Two reports describe long-term renal function after HELLP 
syndrome. One of the reports included 23 patients whose preg
nancies were complicated by HELLP syndrome and acute renal 
failure: 8 of these women had 11 subsequent pregnancies, 9 of 
which resulted in term gestation. All 23 women also had normal 
BP and renal function at an average follow-up of 4.6 years 
(range, 0.5 to 11 years). The other study compared renal func
tion after at least 5 years after HELLP syndrome in 10 patients 
with the respective findings in 22 patients with previous normo
tensive gestation. No differences were reported in renal function 
tests between the two groups. These findings suggest that the 
development of HELLP syndrome with or without renal failure 
does not affect long-term renal function.

Remote Prognosis
Women with PE should also be counseled regarding future 
cardiovascular risks and risks for underlying renal disease. Evi
dence suggests that women with PE remote from term are at 
particular increased risk for chronic hypertension later in 
life. In addition, these patients— particularly those with recur
rent PE— are more likely to have underlying renal disease. In a 
recent report, 86 Japanese women who had severe hypertension, 
severe proteinuria, or both during pregnancy had a postpartum 
renal biopsy. The authors found that women who had gesta
tional proteinuria or PE before 30 weeks’ gestation were more 
likely to have had underlying renal disease.

Several recent studies suggested that women who develop 
PE may be at increased risk for coronary artery disease later 
in life. Indeed, many of the risk factors and pathophysiologic 
abnormalities of PE are similar to those of coronary artery dis
ease. Ramsey and associates demonstrated for the first time, 
using laser Doppler imaging in vivo, impaired microvascular 
function in women 15 to 25 years of age following a preg
nancy complicated by PE. Thus microvascular dysfunction, 
which is associated with insulin resistance, may be a predis
posing vascular mechanism for both coronary heart disease 
and PE. In addition, pregnancies complicated by PE are at in
creased risk for stroke later in life. Therefore pregnancies com
plicated by PE may identify women at risk for vascular 
disease in later life and may provide the opportunity for 
lifestyle and risk-factor modification to alter their risk for 
complications.

ECLAMPSIA
Eclampsia is the occurrence o f convulsions or coma unre
lated to other cerebral conditions with signs and symptoms 
of preeclampsia. Early writings of both the Egyptians and 
Chinese warned of the dangers of convulsions encountered 
during pregnancy. Hippocrates noted that headaches, convul
sions, and drowsiness were ominous signs associated with preg
nancy. The term eclampsia appeared in a treatise on gynecology 
written by Varandaeus in 1619. Clonic spasms in association 
with pregnancy were described by Pew in 1694. In 1772, De la 
Motte recognized that prompt delivery of pregnant women with 
convulsions favored their recovery.

Eclampsia is defined as the development o f convulsions or 
unexplained coma during pregnancy or postpartum in 
patients with signs and symptoms o f PE. In the western world, 
the reported incidence of eclampsia ranges from 1 in 2000 to 1 
in 3448 pregnancies. The reported incidence is usually higher in 
tertiary referral centers, with multifetal gestation, and in those 
without prenatal care.12

Pathophysiology
The pathogenesis of eclamptic convulsions continues to be the 
subject of extensive investigation and speculation. Several theo
ries and pathologic mechanisms have been implicated as possible 
etiologic factors, but none of these has been proved conclusively. 
It is not clear whether the pathologic features in eclampsia are 
a cause or an effect of the convulsions.86

Diagnosis
The diagnosis o f eclampsia is secure in the presence o f gen
eralized edema, hypertension, proteinuria, and convulsions. 
However, women in whom eclampsia develops exhibit a 
wide spectrum o f signs that range from severe hyperten
sion, severe proteinuria, and generalized edema to absent 
or minimal hypertension, no proteinuria, and no edema.1"' 
Hypertension is considered the hallmark for the diagnosis of 
eclampsia. The hypertension can be severe (>160 mm Hg sys
tolic or >110 mm Hg diastolic), as in 20% to 54% of cases,16’86 
or it can be mild (systolic BP between 140 and 160 mm Hg or 
diastolic BP between 90 and 110 mm Hg), as in 30% to 60% 
of cases.12,86 However, in 16% of cases, hypertension may be 
absent.16 In addition, severe hypertension is more common in 
patients who develop antepartum eclampsia (58%) and in those 
who develop eclampsia at 32 weeks’ gestation or later (71% ).16 
Moreover, hypertension is absent in only 10% of women who 
develop eclampsia at or before 32 weeks’ gestation.16

The diagnosis o f eclampsia is usually associated with pro
teinuria (at least 1+ on a dipstick).16,86 In a series of 399 women 
with eclampsia, substantial proteinuria (>3+ on a dipstick) was 
present in only 48% of the cases, whereas proteinuria was absent 
in 14% of the cases.16 Abnormal weight gain in excess of 2 lb/
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Section V Complicated Pregnancy

wk (with or without clinical edema) during the third trimester 
might be the first sign before the onset of eclampsia. However, 
edema was absent in 26% of 399 eclamptic women studied.16

Several clinical symptoms are potentially helpful in estab
lishing the diagnosis o f eclampsia. These include persistent 
occipital or frontal headaches, blurred vision, photophobia, 
epigastric or right upper quadrant pain, and altered mental 
status. Women had at least one of these symptoms in 59% to 
75% of the cases (Table 31-16). Headaches are reported by 50% 
to 75% of patients, whereas visual changes are reported in 19% 
to 32% of patients/6 These symptoms may occur before or after 
the onset of convulsions.86

Time of Onset of Eclampsia
The onset of eclamptic convulsions can be during the antepar
tum, intrapartum, or postpartum period. The reported fre
quency of antepartum convulsions among recent series has 
ranged from 38% to 53% (Table 31-17),16 whereas the fre
quency of postpartum eclampsia has ranged from 11% to 44% .16 
Although most cases o f postpartum eclampsia occur within 
the first 48 hours, some cases can develop beyond 48 hours 
postpartum and have been reported as late as 23 days post
partum.16 In the latter cases, an extensive neurologic evalua
tion may be required to rule out the presence o f other cerebral 
pathology.86

Almost all cases of eclampsia (91%) develop in the third tri
mester (>28 weeks).16 The remaining cases occur between 21 
and 27 weeks’ gestation (7.5%) or at or before 20 weeks’ gesta
tion (1.5% ).16 Eclampsia that occurs before the twentieth 
week o f gestation is generally associated with molar or 
hydropic degeneration o f the placenta with or without a 
coexistent fetus.32,86 Although rare, eclampsia can occur during 
the first half of pregnancy without molar degeneration of the 
placenta.32 86 These women may be misdiagnosed as having 
hypertensive encephalopathy, a seizure disorder, or TTP. Women 
in whom convulsions develop in association with hypertension 
and proteinuria during the first half of pregnancy should be

TABLE 31-16 SYMPTOMS IN WOMEN WITH ECLAMPSIA

DOUGLAS & KATZ CHAMES
REDMAN"* ET A L "5 ET A L "6
(n = 325) (%) (n = 53) (%) (n = 89) <%)

Headache 50 64 70
Visual changes 19 32 30
Right upper 19 Not reported 12

quadrant 
epigastric 
pain 

At least one 59 Not reported 75

From Sibai BM. Diagnosis, differential diagnosis and management of eclampsia. Obstet 
Gynecol. 2005; 105:402.

considered to have eclampsia until proved otherwise.32 These 
women should have an ultrasound examination to rule out 
molar pregnancy or hydropic degeneration of the placenta, and 
they also should have an extensive neurologic and medical evalu
ation to rule out another pathologic process.

Late postpartum eclampsia is defined as eclampsia that 
occurs more than 48 hours but less than 4 weeks after deliv
ery. Historically, eclampsia was believed not to occur more 
than 48 hours after delivery. However, several recent reports 
have confirmed the existence o f late postpartum eclampsia/6 
These women have signs and symptoms consistent with PE in 
association with convulsions.32,86 Some women demonstrate a 
clinical picture of PE during labor or immediately postpartum 
(56%), whereas others demonstrate these clinical findings for 
the first time more than 48 hours after delivery (44%). O f inter
est is the fact that late-postpartum eclampsia developed despite 
the use of prophylactic magnesium sulfate during labor and for 
at least 24 hours postpartum in previously diagnosed preeclamp
tic women.86 Therefore women in whom convulsions develop in 
association with hypertension or proteinuria or with headaches 
or blurred vision after 48 hours of delivery should be considered 
to have eclampsia and initially treated as such.32

Cerebral Pathology
Autoregulation o f the cerebral circulation is a mechanism for 
the maintenance o f constant cerebral blood flow during 
changes in BP, and it may be altered in eclampsia. Through 
active changes in cerebrovascular resistance at the arteriolar level, 
cerebral blood flow normally remains relatively constant when 
cerebral perfusion pressure ranges between 60 and 120 mm Hg. 
In this normal range, vasoconstriction of cerebral vessels occurs 
in response to elevations in BP, whereas vasodilation occurs as 
BP is lowered. Once cerebral perfusion pressure exceeds 130 to 
150 mm Hg, however, the autoregulatory mechanism fails. In 
extreme hypertension, the normal compensatory vasoconstric
tion may become defective, and cerebral blood flow increases. 
As a result, segments of the vessels become dilated, ischemic, 
and increasingly permeable. Thus exudation of plasma occurs 
and gives rise to focal cerebral edema and compression of the 
vessels, which results in a decreased cerebral blood flow.86 Hyper
tensive encephalopathy, a possible model for eclampsia, is an 
acute clinical condition that results from abrupt severe hyperten
sion and subsequent significant increases in intracranial pressure. 
Because this is an acute disturbance in the hemodynamics of 
cerebral arterioles, morphologic changes in anatomy may not be 
uniformly evident in pathologic material. Several autopsy find
ings that are relatively constant include cerebral swelling and 
fibrinoid necrosis of vessel walls.

The cause of eclampsia is unknown, and many questions 
regarding the pathogenesis of its cerebral manifestations remain 
unanswered. Cerebral pathology in cortical and subcortical

TABLE 31-17 TIME OF ONSET OF ECLAMPSIA IN RELATION TO DELIVERY

DOUGLAS & REDMAN"* KNIG HT"8 K A T Z"5 TUFFNELL"7 MATTAR &  SIBAI16 CHAMES ET AL116
(n = 383) (%) (n = 214) (%) (n = 53) (%) (n = 82) <%) (n = 399) (%) <n = 89) <%)

Antepartum 38 96 53 45 53 67*
Intrapartum 18 41 36 12 19 —
Postpartum 44 75 11 26 28 33
<48 hr 39 5 24 11 7
>48 hr 5 6 2 17 26

^Includes antepartum and intrapartum cases.
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Chapter 31 Preeclampsia and Hypertensive Disorders 691

white matter in the form of edema, infarction, and hemorrhage 
(microhemorrhage and intracerebral parenchymal hemorrhage) 
is a common autopsy finding in patients who die of eclampsia. 
However, although autopsy series provide information regarding 
the central nervous system (CNS) abnormality in patients who 
die of eclampsia, this information is not necessarily indicative 
of the CNS abnormality present in most patients who survive 
this condition.86 The diagnosis of eclampsia is not dependent on 
any single clinical or diagnostic neurologic findings. Focal neu
rologic signs such as hemiparesis or an unconscious state are rare 
in cases of eclampsia reported from countries in the developed 
world.86 Although eclamptic patients may initially manifest 
a variety o f neurologic abnormalities— including cortical 
blindness, focal motor deficits, and coma— fortunately, most 
have no permanent neurologic deficits.16 86 These neurologic 
abnormalities are probably due to a transient insult, such as 
hypoxia, ischemia, or edema.

Several neurodiagnostic tests— such as electroencephalog
raphy (EEG), CT, cerebral Doppler velocimetry, MRI, and 
cerebral angiography (both traditional and MRI angiography)— 
have been studied in women with eclampsia. In general, the 
EEG is acutely abnormal in most eclamptic patients; however, 
these abnormalities are not pathognomonic of eclampsia. In 
addition, the abnormal EEG findings are not affected by the 
use of magnesium sulfate. Moreover, lumbar puncture is not 
helpful in the diagnosis and management of eclamptic women. 
The results of CT and MRI studies reveal the presence of edema 
and infarction within the subcortical white matter and adjacent 
gray matter mostly in the parietooccipital lobes (Box 31-10). 
Cerebral angiography and Doppler velocimetry suggest the pres
ence of vasospasm.

On the basis of cerebral imaging findings, attention has been 
directed to hypertensive encephalopathy as a model for the CNS 
abnormalities in eclampsia. The two conditions share many 
clinical, radiologic, and pathologic features. Normal cerebral 
blood flow autoregulation fails in patients with hypertensive 
encephalopathy and in some patients with eclampsia.81’ Two 
theories have been proposed to explain these cerebral abnor
malities, forced dilation and vasospasm,'''’ and the forced 
dilation theory suggests that the lesions in eclampsia are 
caused by loss o f cerebrovascular autoregulation.

Recently, MRI and apparent diffusion coefficient mapping 
were used to characterize the relative frequency of vasogenic and 
cytotoxic edema in two small series of eclamptic women; cere
bral edema (mostly vasogenic) was present in up to 93% to 
100%. However, concurrent foci of infarction evidenced by

BOX 31-10  REPORTED COMPUTED TOMOGRAPHY SCAN 
AND MAGNETIC RESONANCE IMAGING FINDINGS IN 
COMPLICATED ECLAMPSIA

Diffuse white matter low-density areas 
Patchy areas of low density 
Occipital white matter edema 
Loss of normal cortical sulci 
Reduced ventricular size 
Acute hydrocephalus 
Cerebral hemorrhage

• Intraventricular hemorrhage
• Parenchymal hemorrhage (high density)

Cerebral infarction
• Low-attenuation areas
• Basal ganglia infarctions

reduced apparent diffusion coefficient (restricted diffusion) were 
present in 6 of 27 eclamptic women studied by Zeeman and 
colleagues and in 3 of 17 eclamptic and preeclamptic women 
studied by Loureiro and associates. In addition, 5 of the 6 
women reported by Zeeman and colleagues had persistent 
abnormalities on repeat MRI testing 6 to 8 weeks later, which 
suggests these lesions might not be reversible. Moreover, 4 of the 
17 women reported by Loureiro and associates had persistent 
MRI abnormalities at a median of 8 weeks of follow-up.

In summary, cerebral imaging findings in eclampsia are 
similar to those found in patients with hypertensive encepha
lopathy. The classic findings are referred to as posterior reversible 
encephalopathy syndrome (PRES); Figure 31-13 demonstrates 
such a lesion. This syndrome is also seen in patients with revers
ible cerebral vasoconstriction syndrome and is usually seen in 
patients who present in the postpartum period with signs and 
symptoms similar to eclampsia. The diagnosis is confirmed by 
angiogram (Fig. 31-14). Cerebral imaging is not necessary for 
the diagnosis and management o f most women with eclamp
sia; however, it is indicated for patients with focal neurologic 
deficits or prolonged coma. In these patients, hemorrhage 
and other serious abnormalities that require specific pharma
cologic therapy or surgery must be excluded. Cerebral 
imaging may also be helpful in patients who have an atypical 
presentation for eclampsia (onset before 20 weeks’ gestation or 
more than 48 hours after delivery and eclampsia refractory to 
adequate magnesium sulfate therapy). Advances in MRI and 
magnetic resonance angiography (MRA), as well as in cerebral 
vascular Doppler velocimetry, may aid our understanding 
regarding the pathogenesis and may improve long-term outcome 
of this condition.86

D iffe r e n tia l D ia g n o s is
The presenting symptoms, clinical findings, and many of the 
laboratory findings overlap with a number of medical and

FIG 31-13 Magnetic resonance imaging of the brain reveals posterior 
reversible encephalopathy syndrome in a patient with eclampsia. 
Arrows point at vasogenic edema that is considered reversible.

ak
us

he
r-li

b.r
u



692 Section V Complicated Pregnancy

FIG 31-14 Cerebral arteriogram demonstrates cerebral vasoconstric
tion. Arrows show diffused vasoconstriction in small blood vessels.

BOX 3 1-11  DIFFERENTIAL DIAGNOSIS OF ECLAMPSIA

• Hypertensive encephalopathy
• Seizure d isorder
• Hypoglycem ia, hyponatrem ia
• Posterior reversible encephalopathy syndrom e (PRES; 

see Fig. 31-13)
• T hrom b otic  th rom b ocy top en ic  purpura
• Postdural puncture syndrom e
• Vasculitis, angiopathy
• A m n io tic  flu id  em bolism
• Cerebrovascular accident
• Hem orrhage
• Ruptured aneurysm  or m alfo rm ation
• A rteria l em bolism , th rom bosis
• Cerebral venous th rom bosis
• Hypoxic ischem ic encephalopathy
• A ng iom as

surgical conditions.32 For convulsions that develop in association 
with hypertension or proteinuria during pregnancy or immedi
ately postpartum, the most common cause is eclampsia. Rarely, 
other etiologies that produce convulsions in pregnancy or post
partum may mimic eclampsia.86

These diagnoses are particularly important in the presence 
of focal neurologic deficits, prolonged coma, or atypical eclamp
sia. In addition, in some patients, GH or PE may develop in 
association with disorders such as connective tissue disease, 
thrombophilias, seizure disorder, or hypertensive encephalopa
thy, which further contributes to the diagnostic difficulty. There
fore an effort should be made to identify an accurate diagnosis 
given that management strategies may differ among these condi
tions (Box 31-11).

Maternal and Perinatal Outcome
Eclampsia is associated with a slightly increased risk for 
maternal death in developed countries (0% to 1.8%),86 but

the maternal mortality rate may be as high as 14%  in devel
oping countries. The high maternal mortality reported from 
developing countries occurs primarily among patients who have 
had multiple seizures outside the hospital and those without 
prenatal care. In addition, this high mortality rate could be 
attributed to the lack of resources and intensive care facilities 
needed to manage maternal complications from eclampsia. Of 
4024 pregnancy-related deaths reported from 1979 to 1992, a 
total of 790 (19.6%) were considered to have been caused by 
PE-eclampsia, and 49% of these 790 were considered to have 
been related to eclampsia. In this series, the risk for death from 
PE or eclampsia was higher for women older than 30 years, those 
without prenatal care, and black women; the greatest risk for 
death was found among women with pregnancies at or before
28 weeks’ gestation.

Pregnancies complicated by eclampsia are also associated 
with increased rates o f maternal morbidities such as placental 
abruption (7% to 10%),86 DIC (7% to 11%),86 pulmonary 
edema (3% to 5%), acute renal failure (5% to 9%), aspiration 
pneumonia (2% to 3%), and cardiopulmonary arrest (2% 
to 5% ).86 ARDS and intracerebral hemorrhage are rare com
plications in series of eclamptic patients reported from the 
developed world. It is important to note that maternal complica
tions are greatest among women who develop antepartum 
eclampsia, particularly among those who develop eclampsia 
remote from term.86

Perinatal mortality and morbidity remain high in eclamptic 
pregnancies. The reported perinatal death rate in recent series 
ranged from 5.6% to 11.8%.86 This high perinatal death rate is 
related to prematurity, placental abruption, and severe FGR.86 
The rate of preterm delivery is about 50%, and about 25% of 
cases occur before 32 weeks’ gestation.86

Is Eclampsia Preventable?
Prevention of eclampsia requires knowledge of its etiology and 
pathophysiology and of methods to predict patients at high risk 
for development of convulsions. However, as discussed earlier, 
the pathogenesis of eclampsia is largely unknown. Prevention 
of eclampsia can be primary, by preventing the development 
and/or progression of PE, or it can be secondary, by using 
pharmacologic agents that prevent convulsions in women with 
established PE. Prevention can also be tertiary, by preventing 
subsequent convulsions in women with established eclampsia.

Current management schemes designed to prevent eclampsia 
are based on early detection of GH or PE and subsequent use 
of preventive therapy in such women. Some o f the recom
mended preventive therapies have included close monitoring 
(in-hospital or outpatient), use o f antihypertensive therapy to 
keep maternal BP below a certain level (less than severe range 
or to normal values), timely delivery, and prophylactic use 
o f magnesium sulfate during labor and immediately post
partum in those considered to have PE. These management 
schemes assume that the clinical course in the development of 
eclampsia is characterized by a gradual process that begins with 
progressive weight gain, followed by hypertension (mild to 
severe) and proteinuria, with the subsequent onset of premoni
tory symptoms, and ending with the onset of generalized con
vulsions or coma.86 This clinical course may be present in some 
women who develop eclampsia in developed countries. However, 
recent data from large series of eclamptic women from the 
United States and Europe indicate that about 20%  to 40% of 
eclamptic women do not have any premonitory signs or
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Chapter 31 Preeclampsia and Hypertensive Disorders 693

symptoms before the onset o f convulsions.1'’ In many of these 
cases, the onset of convulsions is abrupt and does not follow an 
indolent progression from m ild to severe disease before the onset 
of eclampsia.86

It is also assumed that appropriate and timely standard pre
ventive therapy will prevent eclampsia in virtually all patients 
with GH-PE.86 The efficacy of in-hospital management of 
patients with GH or PE for the prevention of eclampsia has not 
been evaluated in randomized trials. Moreover, data from retro
spective studies from developed countries indicate that about 
50% of eclamptic women develop their first convulsion while 
in the hospital under “close medical supervision.”86 Thus early 
and prolonged hospitalization of women with mild hyperten
sion or PE may not prevent most cases of eclampsia.

Several randomized trials have described the use of antihyper
tensive drugs versus no treatment or a placebo in the treatment 
of women with m ild hypertension or PE. Overall, these trials 
revealed lower rates of progression to severe disease. How
ever, the study design and the sample size of these trials is 
inadequate to evaluate potential benefits regarding prevention 
of eclampsia.

Prophylactic magnesium sulfate is recommended only for 
women who are hospitalized with the established diagnosis of 
PE.1'3 Its use is recommended only during labor and for 12 to 
24 hours’ postpartum1'3; therefore it can be expected to have a 
potential effect in preventing eclampsia that develops only 
during this time (40% of total).

Several randomized trials have compared the efficacy of mag
nesium sulfate with other anticonvulsive agents for the preven
tion of recurrent seizures in women with eclampsia. In these 
trials, magnesium sulfate was compared with diazepam, phe- 
nytoin, and a lytic cocktail. Overall, these trials revealed that 
magnesium sulfate was associated with a significantly lower 
rate o f recurrent seizures (9.4% vs. 23.1%; RR, 0.41; 95% CI,
0.32 to 0.51) and a lower rate o f maternal death (3% vs. 4.8%; 
RR, 0.62; 95% CI, 0.39 to 0.99) than that observed with other 
agents.

The low incidence of eclampsia in developed countries is 
probably related to prevention of cases of eclampsia in women 
with a classic presentation and with a classic progression from 
mild to severe PE.86 As a result, most eclamptic cases described 
in reported series from the United States and Europe have an 
atypical presentation (abrupt onset, development of convulsions 
while receiving prophylactic magnesium sulfate, or onset of con
vulsions beyond 48 hours after delivery).86 Indeed, most eclamp
tic convulsions in these series developed in hospitalized women, 
and in some of these women, the onset of convulsions was not 
preceded by warning signs or symptoms.86 Overall, the percent
age of eclampsia considered unpreventable in these series ranged 
from 31% to 87% .86

Transport of the Eclamptic Patient
During the past 20 years, a marked reduction has been seen in 
the incidence of eclampsia. Consequently, most obstetricians 
have little or no experience in the management of eclampsia. A 
recent survey of a random sample of obstetricians from all 50 
states indicated that about 50% of obstetricians in private prac
tice had not seen an eclamptic patient during the past year.

Because management o f the eclamptic patient requires the 
availability o f neonatal and obstetric ICUs and personnel 
with special expertise, it is recommended that eclamptic 
women at term be cared for only at level II or III hospitals

with adequate facilities and with consultants from other spe
cialties. For those eclamptic patients who are remote from term, 
referral should be made to a tertiary care center. The following 
steps should be taken before transfer of these critically ill patients:

1. The referring physician or nurse should consult with 
the physician at the perinatal center regarding the referral 
and appropriate treatment. All maternal records, includ
ing prenatal data and a detailed summary of the patient’s 
condition, should be transmitted.

2. BP should be stabilized, and convulsions should be 
controlled.

3. Adequate prophylactic anticonvulsive medications should 
be given. An accepted regimen is 4 or 6 g IV magnesium 
sulfate as a loading dose over 20 minutes.

4. Maternal laboratory assessment (CBC with platelet 
count, liver enzymes) and fetal monitoring should be 
undertaken.

Patients should be sent in an ambulance with medical person
nel in attendance for proper management in cases of subsequent 
convulsions.

Treatment of Eclamptic Convulsions
Eclamptic convulsions are a life-threatening emergency and 
require proper care to minimize morbidity and mortality. The 
development of an eclamptic convulsion is frightening to 
observe. Initially, the patient’s face becomes distorted with pro
trusion of her eyes. This is followed by a congested facial expres
sion. Foam often exudes from the mouth, and the woman 
usually bites her tongue unless it is protected. Respirations are 
absent throughout the seizure. The convulsion, which can be 
divided into two phases, typically continues for 60 to 75 seconds. 
The first phase, which lasts 15 to 20 seconds, begins with facial 
twitching and proceeds to the body becoming rigid with gener
alized muscular contractions. The second phase lasts about 60 
seconds and consists of the muscles of the body alternately 
contracting and relaxing in rapid succession. This phase begins 
with the muscles of the jaw and rapidly involves the eyelids, 
other facial muscles, and then all the muscles of the body. Coma 
follows the convulsion, and the woman usually remembers 
nothing of the recent events. If she has repeated convulsions, 
some degree of consciousness returns after each convulsion. She 
may enter a combative state and may be agitated and difficult 
to control. Rapid and deep respirations usually begin as soon as 
the convulsions end. Maintenance of oxygenation is usually not 
a problem after a single convulsion; the risk for aspiration is low 
in the well-managed patient.

Because eclampsia is so frightening, the natural tendency 
is to attempt to abolish the convulsion. However, drugs such 
as diazepam should not be given in an attempt to stop or 
shorten the convulsion, especially if the patient does not have 
an IV line in place and someone skilled in intubation is not 
immediately available. If diazepam is used, no more than 5 mg 
should be given over 60 seconds. Rapid administration of diaz
epam may lead to apnea, cardiac arrest, or both.

Prevention of Maternal Injury During the Convulsions
The first priority in the management o f eclampsia is to 
prevent maternal injury and to support cardiovascular 
function. During or immediately after the acute convulsive 
episode, supportive care should be given to prevent serious 
maternal injury and aspiration, assess and establish airway 
patency, and ensure maternal oxygenation. During this time,
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the bed’s side rails should be elevated and padded; a padded 
tongue blade is inserted between the teeth (avoid inducing a gag 
reflex), and physical restraints may also be needed. To minimize 
the risk for aspiration, the patient should lie in the lateral decu
bitus position, and vomitus and oral secretions are suctioned 
as needed.86 Aspiration may be caused by forcing the padded 
tongue blade to the back of the throat, stimulating the gag reflex 
with resultant vomiting.

Adequate oxygenation should be maintained during the con
vulsive episode because hypoventilation and respiratory acidosis 
often occur. Although the initial seizure lasts only a few minutes, 
it is important to maintain oxygenation by supplemental oxygen 
administration through a face mask with or without an oxygen 
reservoir at 8 to 10 L/min.86 After the convulsion has ceased, 
the patient begins to breathe again, and oxygenation is rarely 
a problem. However, maternal hypoxemia and acidosis may 
develop in women who have had repetitive convulsions, in those 
with aspiration pneumonia or pulmonary edema, or as a result 
of a combination of these factors. It is my policy to use trans- 
cutaneous pulse oximetry to monitor oxygenation in all 
eclamptic patients. Arterial blood gas analysis is required if  the 
pulse oximetry results are abnormal (oxygen saturation <92%). 
Sodium bicarbonate is not given unless the pH is below 7.10.

Prevention of Recurrent Convulsions
The next step in the management of eclampsia is to prevent 
recurrent convulsions. Magnesium sulfate is the drug o f choice 
to treat and prevent subsequent convulsions in women with 
eclampsia.86 A  loading dose o f 6 g over 15 to 20 minutes is 
recommended, followed by a maintenance dose o f 2 g per 
hour as a continuous IV solution. About 10% of eclamptic 
women have a second convulsion after receiving magnesium 
sulfate.86 In these women, another bolus of 2 g magnesium 
sulfate can be given intravenously over 3 to 5 minutes. An occa
sional patient will have recurrent convulsions while receiving 
adequate and therapeutic doses of magnesium sulfate. In this 
patient, recurrent seizures can be treated with Ativan 2 mg intra
venously over 3 to 5 minutes.86

Rarely, a woman may experience an eclamptic seizure, lapse 
into a coma, and die. Magnesium toxicity should be considered 
in those women who do not regain consciousness. A case report 
of magnesium sulfate toxicity details the features of this serious 
complication. W ithin a few minutes of starting what was sup
posed to be a magnesium loading dose, 4 g magnesium sulfate 
in 250 mL saline, the patient went into cardiorespiratory arrest. 
Immediate resuscitation was performed, including intubation; 
about half of the loading dose had been given. A coma ensued 
that was believed to have been caused by an intracerebral acci
dent or eclampsia; the loading dose was continued, and main
tenance therapy was started. Initial blood gases were normal, 
and the electrocardiogram (ECG) was normal 15 minutes after 
the arrest. The patient’s vital signs were stable; however, mechan
ical ventilatory support was required, and her pupils were non
reactive. Serum electrolytes, glucose, blood urea nitrogen, and 
creatinine were normal; CT scan of the head and cerebral angio
grams were also normal. A magnesium level of 35 mg/dL was 
reported 3.5 hours later from a blood sample taken through 
femoral venipuncture at the time of arrest; the magnesium 
sulfate infusion was stopped immediately. During the first 5 
hours after the cardiorespiratory arrest, 1344 mg of magnesium 
was excreted in the urine. Twelve hours after the arrest, an 
uncomplicated low vertical cesarean delivery was done for a

Time (hours)
(since initiation of loading dose)

FIG 31-15 Magnesium levels over time in a patient with magnesium 
toxicity. (From McCubbin JH, Sibai BM, Abdella TN, et al. Cardiopul
monary arrest due to acute maternal hypermagnesemia [letter]. 
Lancet. 1981 ;1:1058.)

breech presentation. The 3160-g male infant had Apgar scores 
of 8 and 9 at 1 and 5 minutes, respectively. Maternal and cord 
blood magnesium levels at delivery were 5.8 mg/dL. Both 
mother and baby were discharged from the hospital with no 
apparent sequelae. O f interest, the patient reported she could 
hear and see what was occurring around her, but she could not 
make any movements while she was intubated. Figure 31-15 
presents the maternal magnesium levels in this case.

Control of Severe Hypertension
The next step in the management of eclampsia is to reduce the 
BP to a safe range. The objectives of treating severe hypertension 
are to avoid loss of cerebral auto regulation and to prevent CHF 
without compromising cerebral perfusion or jeopardizing utero
placental blood flow, which is already reduced in many women 
with eclampsia.86 Thus maintaining systolic BP between 140 
and 160 mm Hg and diastolic BP between 90 and 105 mm Hg 
is a reasonable goal. This can be achieved with bolus 5 to 
10 mg doses o f hydralazine every 20 minutes or labetalol (20 
to 40 mg intravenously) every 10 minutes as needed. 86 Other 
potent antihypertensive medications, such as sodium nitroprus- 
side or nitroglycerine, are rarely needed in eclampsia. Diuretics 
are not used except in the presence of pulmonary edema.

Intrapartum Management of Eclampsia
Maternal hypoxemia and hypercarbia cause FHR and uterine 
activity changes during and immediately after a convulsion. 
The FHR tracing may reveal bradycardia, transient late 
decelerations, decreased beat-to-beat variability, and com
pensatory tachycardia. Uterine contractions can increase 
in frequency and tone.86 These changes usually resolve

ak
us

he
r-li

b.r
u



Chapter 31 Preeclampsia and Hypertensive Disorders 695

spontaneously within 3 to 10 minutes after the termination 
of convulsions and correction o f maternal hypoxemia. The
patient should not be rushed to emergency cesarean delivery 
based on these findings, especially if  the maternal condition 
remains stable.

In a review of 10 women who had undergone electronic 
internal fetal monitoring during an eclamptic convulsion, 6 had 
fetal bradycardia (FHR <120 beats/min) that varied in duration 
from 30 seconds to 9 minutes. The interval from onset of the 
seizure to the fall in FHR was 5 minutes. Transitory fetal tachy
cardia occurred frequently after the prolonged bradycardia. In 
addition, loss of beat-to-beat variability with transitory late 
decelerations occurred during the recovery phase. Uterine hyper
activity demonstrated by both increased uterine tone and 
increased frequency of uterine contractions occurs during an 
eclamptic seizure. The duration of the increased uterine activity 
varies from 2 to 14 minutes.

Fetal outcome is generally good after an eclamptic convul
sion. The mechanism for the transitory fetal bradycardia may 
be a decrease in uterine blood flow caused by intense vaso
spasm and uterine hyperactivity. The absence o f maternal 
respiration during the convulsion may also result in fetal 
hypoxia and heart rate changes. Because the FHR pattern 
usually returns to normal after a convulsion, other condi
tions should be considered if an abnormal pattern persists. 
It may take longer for the heart rate pattern to return to baseline 
in an eclamptic woman whose fetus is preterm with growth 
restriction. Placental abruption may occur after the convulsion 
and should be considered if  uterine hyperactivity remains or the 
bradycardia persists.86

The presence o f eclampsia is not an indication for cesarean 
delivery. The decision to perform a cesarean delivery should 
be based on gestational age, fetal condition, presence of 
labor, and cervical Bishop score/6 Cesarean delivery is recom
mended for those with eclampsia before 30 weeks’ gestation who 
are not in labor with an unfavorable cervix (Bishop score <5). 
Patients in labor or whose membranes have ruptured are allowed 
to deliver vaginally in the absence of obstetric complications. 
When labor is indicated, it is initiated with either oxytocin infu
sions or prostaglandins in all patients with a gestational age at 
or above 30 weeks, irrespective of the Bishop score. A similar 
approach is used for those before 30 weeks’ gestation if  the cervi
cal Bishop score is at least 5.

Maternal pain relief during labor and delivery can be provided 
by either systemic opioids or epidural anesthesia as recom
mended for women with severe PE.2 Either epidural, spinal, or 
combined techniques of regional anesthesia can be used for 
cesarean delivery. Regional anesthesia is contraindicated in the 
presence of coagulopathy or severe thrombocytopenia (platelet 
count <50,000/mm3). In women with eclampsia, general anes
thesia increases the risk for aspiration and failed intubation due 
to airway edema and is associated with marked increases in

systemic and cerebral pressures during intubation and extuba
tion.86 Women with airway or laryngeal edema may require 
awake intubation under fiberoptic observation with the avail
ability of immediate tracheostomy. Changes in systemic or cere
bral pressures may be attenuated by pretreatment with labetalol 
or nitroglycerine injections.86

Postpartum Management of Eclampsia
After delivery, women with eclampsia should receive close moni
toring of vital signs, fluid intake and output, and symptoms for 
at least 48 hours. These women usually receive large amounts of
IV fluids during labor, delivery, and postpartum. In addition, 
during the postpartum period, mobilization of extracellular fluid 
leads to increased intravascular volume. As a result, women with 
eclampsia, particularly those with abnormal renal function; 
those with abruptio placentae; and those with preexisting 
chronic hypertension are at increased risk for pulmonary edema 
and exacerbation of severe hypertension postpartum.86 Careful 
attention to fluid status is essential.

Parenteral magnesium sulfate should be continued for at 
least 24 hours after delivery or for at least 24 hours after the 
last convulsion. If oliguria is present (<100 mL/4 hr), both 
the rate o f fluid administration and the dose o f magnesium 
sulfate should be reduced. Once delivery has occurred, other 
oral antihypertensive agents such as labetalol or nifedipine can 
be used to keep systolic BP below 155 mm Hg and diastolic BP 
below 105 mm Hg. Nifedipine offers the benefit of improved 
diuresis in the postpartum period.

Subsequent Pregnancy Outcomes and Remote Prognosis
Women with a history o f eclampsia are at increased risk for 
all forms o f PE in subsequent pregnancies (Table 31-18). In 
general, the rate o f PE in subsequent pregnancies is about 
25% , with substantially higher rates i f  the onset o f eclampsia 
was in the second trimester. The rate o f recurrent eclampsia 
is about 2%. Because of these risks, these women should be 
informed that they are at increased risk for adverse pregnancy 
outcome in subsequent pregnancies. At present, no preventive 
therapy exists for recurrent antepartum eclampsia.

The long-term effects of eclampsia on maternal BP and 
neurologic outcome have been the subject of few reports. The 
findings of these studies revealed that eclampsia did not cause 
hypertension in women who were normotensive before the 
eclamptic pregnancy. Two of these studies found that the rate of 
chronic hypertension on follow-up was significantly higher in 
those who had eclampsia remote from term compared with 
those who had eclampsia at or beyond 37 weeks of gestation. In 
addition, one of these reports revealed that women who had 
eclampsia as multiparas were at increased risk for death from 
cardiovascular renal disease. Moreover, these investigations 
revealed no evidence of neurologic deficit during the follow-up 
period.

TABLE 31-18 RECURRENT PREECLAMPSIA-ECLAMPSIA IN WOMEN WITH ECLAMPSIA

CHESLEY'19 LOPEZ-LLERA &  HORTA120 ADELUSI &  OJENGBEDE121 SIBAI ET AL122

No. of women 171 110 64 182
No. of pregnancies 398 110 64 366
Eclampsia (%) 1.0 — 15.6 1.9
Preeclampsia (%) 23 35 27 22

From Sibai BM. Diagnosis, differential diagnosis and management of eclampsia. Obstet Gynecol. 2005;105:402.
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696 Section V Complicated Pregnancy

CHRONIC HYPERTENSION
The frequency o f chronic hypertension in pregnancy is esti
mated at 1% to 5%. It is more common in older obese women 
and in black women. Because of the current trend of childbear
ing at an older age and the obesity epidemic, it is expected that 
the incidence of chronic hypertension in pregnancy will con
tinue to rise. During the new millennium, and estimating a 
prevalence of chronic hypertension during pregnancy of 3%, at 
least 120,000 pregnant women (3% of 4 million pregnancies) 
with chronic hypertension will be seen annually in the United 
States.

Definition and Diagnosis
In pregnancy, chronic hypertension is defined as elevated BP that 
is present and documented before conception. In women whose 
prepregnancy BP is unknown, the diagnosis is based on the 
presence o f sustained hypertension before 20 weeks o f gesta
tion, defined as either systolic BP o f at least 140 mm Hg or 
diastolic BP o f at least 90 mm Hg on at least two occasions 
measured at least 4 hours apart.

The diagnosis may be difficult to establish in women with 
previously undiagnosed chronic hypertension who begin prena
tal care after 16 weeks’ gestation because physiologic decline in 
BP occurs at that time. An analysis of pregnancy outcome in 
211 patients with mild chronic hypertension suggests that the 
use of antihypertensive drugs is not necessary to achieve a good 
pregnancy outcome (Table 31-19). The changes in average MAP 
throughout the course of pregnancy are summarized in Figure
31-16. This decrease may result in normal BP findings in the 
second trimester that will eventually increase again during the

third trimester. These women are more likely to be erroneously 
diagnosed as having GH.

Women with chronic hypertension are at increased risk for 
superimposed PE. The development o f superimposed PE is 
associated with high rates o f adverse maternal and perinatal 
outcomes.14 The diagnosis of superimposed PE should be made 
as described previously based on changes in BP, development of 
new-onset proteinuria, new-onset symptoms, or changes in 
laboratory tests.

Etiology and Classification
The etiology and severity of chronic hypertension are important 
considerations in the management of pregnancy. Chronic hyper
tension is subdivided into primary (essential) and secondary 
hypertension. Primary hypertension is by far the most common 
type of chronic hypertension seen during pregnancy (90%). In 
10% of cases, chronic hypertension is secondary to one or more 
underlying disorders such as renal disease (glomerulonephritis, 
interstitial nephritis, polycystic kidneys, renal artery stenosis), 
collagen vascular disease (lupus, scleroderma), endocrine disor
ders (diabetes mellitus with vascular involvement, pheochromo- 
cytoma, thyrotoxicosis, Cushing disease, hyperaldosteronism), 
or coarctation of the aorta.

Chronic hypertension during pregnancy can be subclassified 
as either mild or severe, depending on the systolic and diastolic 
BP readings. Systolic and diastolic (Korotkoff phase V) BPs 
of at least 160 mm Hg or 110 mm Hg, respectively, constitute 
severe hypertension.

For management and counseling purposes, chronic hyperten
sion in pregnancy is also categorized as either low risk or high 
risk, as described in Figure 31-17. The patient is considered to

TABLE 31-19 RATES OF ADVERSE PREGNANCY OUTCOME IN OBSERVATIONAL STUDIES DESCRIBING MILD
_____________ CHRONIC HYPERTENSION IN PREGNANCY_______________________________________________________

PREECLAMPSIA (%) ABRUPTIO PLACENTAE (%) DELIVERY <37 WK (%) SGA (%)

Rey & Couturier124 (n = 337) 21 0.7 34.4 15.5
McCowan et al123 (n  = 142) 14 NR 16 11.0
Sibai et al14 (n = 763) 25 1.5 33.3 11.1
Giannubilo et al126 (n — 233) 28 0.5 NR 16.5
Chappell et al125 (n  = 822) 22 NR 22.7 27.2
Sibai et al127 (n = 369)______________________ 17____________________________2A_____________________________ 2 9 3____________________ 15.0

NR, not reported; SGA, small for gestational age.

8-19 wk 
gestation

20-26 wk 
gestation

27-41 wk 
gestation

FIG 31-16 Mean arterial blood pressure (MAP) during pregnancy. (Modified from Sibai BM, Abdella TN, Anderson GD. Pregnancy outcome in 
211 patients with mild chronic hypertension. Obstet Gynecol. 1983;61:571.)
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• Assess etiology and severity
• Assess presence of other medical 

conditions or target organ damage
• Assess prior obstetric history

Evaluation preconception 
or before 20 weeks

FIG 31-17 Initial evaluation of women with chronic hypertension. *Left ventricular dysfunction, retinopathy, dyslipidemia, maternal age >40 years, 
microvascular disease, stroke. (From Sibai BM. Chronic hypertension in pregnancy. Obstet Gynecol. 2002;100:369.)

be at low risk when she has mild essential hypertension 
without any organ involvement. The BP criteria are based on 
measurements at the initial visit irrespective o f treatment 
with antihypertensive medications. For example, if  the patient 
has a BP of 140/80 mm Hg on antihypertensive drugs, she is 
still classified as low risk. It is important to note that a patient 
initially classified as low risk early in pregnancy may become 
high risk if  she later develops severe hypertension or PE.

Maternal and Perinatal Risks
Pregnancies complicated by chronic hypertension are at 
increased risk for the development o f superimposed PE, pla
cental abruption, and fetal growth restriction. The reported 
rates o f PE in the literature in mild hypertension range from
14% to 28%  (see Table 31-19).14 The rate of PE in women with 
severe chronic hypertension ranges from 50% to 79%. Sibai and 
associates14 studied the rate of superimposed PE among 763 
women with chronic hypertension followed prospectively at 
several tertiary medical centers in the United States. The overall 
rate o f superimposed PE was 25% . The rate was not affected 
by maternal age, race, o f presence of proteinuria early in preg
nancy; however, it was significantly greater in women who had 
hypertension for at least 4 years (31% vs. 22%), in those 
who had PE during a previous pregnancy (32% vs. 23% ), and 
in those whose diastolic BP was 100 mm Hg or higher (42% 
vs. 24% ).14

The reported rate o f placental abruption in women with 
mild chronic hypertension has ranged from 0.7%  to 2.7%  
(see Table 31-19). The rate in those with severe or high-risk 
hypertension may be 5% to 10% . In a recent multicenter study 
that included 763 women with chronic hypertension, the overall 
rate of abruption was reported at 1.5%, and the rate was signifi
cantly higher in those who developed superimposed PE than 
in those without this complication (3% vs. 1%, P  = .04).14 
However, the rate was not influenced by maternal age, race, or 
duration of hypertension.1' In addition, the results of a system
atic review of nine observational studies revealed that in women 
with chronic hypertension, the rate of abruption is doubled

(OR, 2.1; 95% CI, 1.1 to 3.9) compared with normotensive 
patients.

In addition to PE and abruption, women with high-risk 
chronic hypertension are at increased risk for life-threatening 
maternal complications such as pulmonary edema, hypertensive 
encephalopathy, retinopathy, cerebral hemorrhage, and acute 
renal failure. These risks are particularly increased in women 
with uncontrolled severe hypertension, significant renal disease 
early in pregnancy, or left ventricular dysfunction before 
conception.

Fetal and neonatal complications are also increased in 
women with chronic hypertension. The risk for perinatal 
mortality is three to four times greater compared with that 
o f the general obstetric population (OR, 3.4; 95% CI, 3.0 to 
3.7). The likelihood o f premature delivery and a growth- 
restricted infant is also increased in women with chronic 
hypertension. In women with severe chronic hypertension in 
the first trimester, the reported rates of preterm delivery were 
62% to 70%, and the rates of an SGA infant were 31% to 40%. 
Recently, Sibai and associates15 reported risk factors for adverse 
perinatal outcome in a secondary analysis of 763 women with 
mild chronic hypertension who were enrolled in a multicenter 
trial that compared low-dose aspirin with a placebo for the 
prevention of PE. They found that the development of super
imposed PE was associated with higher rates of preterm delivery 
(OR, 3.9; 95% CI, 2.7 to 5.4), neonatal intraventricular hemor
rhage (OR, 4.5; 95% CI, 1.5 to 14.2), and perinatal death (OR, 
2.3; 95% CI, 1.4 to 4.8). In addition, the presence of protein
uria early in pregnancy was an independent risk factor associated 
with higher rates of preterm delivery (OR, 3.1; 95% CI, 1.8 to 
5.3), an SGA infant (OR, 2.8; 95% CI, 1.6 to 5.0), and neonatal 
intraventricular hemorrhage (OR, 3.9; 95% CI, 1.3 to 11.6).14

Goals of Antihypertensive Therapy 
in Pregnancy
In nonpregnant individuals, long-term BP control can lead 
to significant reductions in the rates o f stroke and cardiovas
cular morbidity and mortality. In contrast to hypertension
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698 Section V Complicated Pregnancy

in pregnancy, the duration o f therapy is shorter, the benefits 
to the mother may not be obvious during the short time 
o f treatment, and the exposure to medication will include 
both mother and fetus. In this respect, the clinician must 
balance the potential short-term maternal benefits against 
possible short-term and long-term benefits and risks to the 
fetus and infant.

Most women with chronic hypertension during pregnancy 
have mild, essential, uncomplicated hypertension and are at 
minimal risk for cardiovascular complications within the short 
time frame of pregnancy Several retrospective and prospective 
studies have been conducted to determine whether antihyper
tensive therapy in these women improves pregnancy outcome. 
An overall summary of these studies revealed that regardless 
of the antihypertensive therapy used, maternal cardiovascular 
and renal complications were minimal or absent. No available 
data suggest that short-term antihypertensive therapy is ben
eficial for the mother or the fetus in the setting o f low-risk 
hypertension except for a reduction in the rate o f exacerba
tion o f hypertension. However, only three trials have had a 
sufficient sample size to evaluate the risks for superimposed 
PE and placental abruption.

Recently, the benefits of tight blood pressure control versus 
less blood pressure control in women with chronic hypertension 
in pregnancy were studied in a large multicenter study, the 
Control of Hypertension in Pregnancy Study (CHIPS). The trial 
included 736 women with chronic hypertension; 361 were 
assigned to tight control and 371 were assigned to less tight 
control. The investigators found no difference between groups 
in primary outcome (pregnancy loss or high-level neonatal care) 
or in serious maternal complications. However, women in the 
less-tight control group had a higher rate of progression to severe 
hypertension. In contrast, the tight control group had a signifi
cantly higher rate of SGA infants (19.7% vs. 13.9%).

No placebo-controlled trials have examined the benefits of 
antihypertensive therapy in women with severe hypertension in 
pregnancy, and none are likely to be performed. Antihyperten
sive therapy is necessary in women with severe hypertension 
to reduce the acute risks for stroke, CHE and renal failure. 
In addition, control o f severe hypertension can permit preg
nancy prolongation and thereby improve perinatal outcome. 
However, no evidence suggests that control o f severe hyper
tension reduces the rate o f either superimposed PE or pla
cental abruption.

No trials have examined the treatment of women with chronic 
hypertension and other risk factors such as preexisting renal 
disease, diabetes mellitus, or cardiac disease. On the other hand, 
evidence from retrospective and observational studies suggests 
that uncontrolled mild to moderate hypertension may exacer
bate target-organ damage during pregnancy in women with 
renal disease, diabetes mellitus with vascular disease, or left 
ventricular dysfunction. Therefore some authors recommend 
aggressive treatment of mild hypertension in these women 
because of the belief that such management may reduce both 
short- and long-term cardiovascular complications.

Safety of Antihypertensive Drugs 
in Pregnancy
The potential adverse effects of most commonly prescribed anti
hypertensive agents are either poorly established or unclearly 
quantified. Most of the evidence on harm associated with anti
hypertensives in pregnancy is lim ited to case reports. The

interpretation of these reports is difficult because it is impossible 
to ascertain the exact number of women exposed to antihyper
tensive drugs during pregnancy. Also, it is likely that the number 
of published case reports is an underestimate of the actual 
number of women who experience the reported adverse reaction. 
This lim itation is amplified by the fact that information related 
to previous exposure during pregnancy is nonexistent. Further
more, the condition for which pregnant women are treated 
with antihypertensive drugs can be partially responsible for the 
adverse fetal and neonatal outcomes.

In general, available information about teratogenicity, except 
in laboratory animals, is lim ited and selective. All available data 
have been obtained from registries such as state Medicaid regis
try data. Because of absent multicenter randomized trials in 
women with chronic hypertension, no placebo-controlled evalu
ations have been done regarding the safety of these drugs when 
used at the time of conception and throughout pregnancy. At 
the present time, only minimal data are available to help the 
clinician evaluate the benefits or risks of most antihypertensive 
drugs when used in pregnancy. Nevertheless, the limited data 
in the literature suggest potential adverse fetal effects, such 
as oligohydramnios and fetal-neonatal renal failure, when 
angiotensin-converting enzyme (ACE) inhibitors are used in 
the second or third trimester. Similar effects are to be expected 
with the use of angiotensin II receptor blockers. Therefore these 
agents should be avoided once pregnancy is established (see 
Chapter 8).

The use o f atenolol during the first and second trimesters 
has been associated with significandy reduced fetal growth 
along with decreased placental growth and weight. On the 
other hand, no such effects on fetal or placental growth have 
been reported with other |3-blockers— such as metoprolol, 
pindolol, and oxprenolol— but data on the use o f these 
agents in early pregnancy are very limited.

Prospective trials that have examined the effect o f either meth- 
yldopa or labetalol in women with m ild chronic hypertension 
revealed no adverse maternal or fetal outcomes with the use of 
these medications. In a large and unique trial in which methyl- 
dopa or labetalol was started between 6 and 13 weeks’ gestation 
in patients with chronic hypertension, none of the exposed 
newborns had major congenital anomalies.

C linical experience is extensive with the use of thiazide diuret
ics during pregnancy. The available data suggest that treatment 
with diuretics in the first trimester and throughout gestation is 
not associated with an increased risk for major fetal anomalies 
or adverse fetal-neonatal events. Information is sparse regarding 
the use of calcium channel blockers in women with m ild chronic 
hypertension; however, the available evidence suggests that 
the use o f calcium channel blockers, particularly nifedipine, 
in the first trimester was not associated with increased rates 
of major birth defects. The effects of nifedipine on fetal- 
neonatal outcome were evaluated in a prospective randomized 
trial of 283 women with mild to moderate hypertension in 
pregnancy in which 47% of the participants had chronic hyper
tension. Sixty-six of these women were enrolled between 12 
and 20 weeks’ gestation. In this study, the use of slow-release 
nifedipine was not associated with adverse fetal-neonatal 
outcomes.

The long-term effects on children of mothers exposed to 
antihypertensive drugs during pregnancy are lacking except for 
lim ited information concerning the use of methyldopa and nife
dipine. A follow-up study of infants after 7.5 years showed no
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long-term adverse effects on development among those exposed 
to methyldopa in utero compared with infants not exposed to 
such treatment. A similar study that examined the effects of 
slow-release nifedipine after 1.5 years of follow-up demonstrated 
no adverse effects on development.

Recommended Management of Chronic 
Hypertension in Pregnancy
The primary objective in the management of pregnancies com
plicated by chronic hypertension is to reduce maternal risks and 
achieve optimal perinatal survival. This objective can be achieved 
by formulating a rational approach that includes preconception 
evaluation and counseling, early antenatal care, frequent ante
partum visits to monitor both maternal and fetal well-being, 
timely delivery with intensive intrapartum monitoring, and 
proper postpartum management.

Evaluation and Classification
Women with chronic hypertension should ideally be coun
seled before pregnancy, when extensive evaluation and com
plete workup can be undertaken. Assessment o f the etiology 
and severity o f the hypertension, as well as the coexistence 
of other medical illnesses, and ruling out the presence o f 
target-organ damage resulting from long-standing hyperten
sion can be accomplished. An in-depth history should delin
eate in particular the duration of hypertension, the use of 
antihypertensive medications, their type, and the response to 
these medications. Also, attention should be given to the pres
ence of cardiac or renal disease, diabetes mellitus, thyroid disease, 
and a history of cerebrovascular accident or CHF. A detailed

obstetric history should include maternal and neonatal out
comes of previous pregnancies and should stress any history of 
the development of placental abruption, superimposed PE, 
preterm delivery, FGR, intrauterine fetal death, and neonatal 
morbidity and mortality.

Laboratory evaluation is obtained to assess the function of 
different organ systems likely to be affected by chronic hyperten
sion and as a baseline for future assessments. For all patients, 
these should include urinalysis, urine culture and sensitivity, 
24-hour urine evaluations for protein, electrolytes, CBC, and 
screening for diabetes.

Women with long-standing hypertension for several years, 
particularly those with a history o f poor compliance or poor 
BP control, should be evaluated for target-organ damage that 
includes left ventricular hypertrophy, retinopathy, and renal 
injury. These women should undergo an ECG examination 
and echocardiography i f  the ECG is abnormal, ophthalmo
logic evaluation, and creatinine clearance.

Selectively, certain tests should be obtained to identify sec
ondary causes of hypertension such as pheochromocytoma, 
primary hyperaldosteronism, or renal artery stenosis. These con
ditions require selective biochemical testing and are amenable to 
diagnosis with either CT or MRI. Pheochromocytoma should 
be suspected in women with paroxysmal severe hypertension, 
hyperglycemia, and sweating (see Chapter 43). Primary aldoste
ronism is extremely rare in pregnancy and should be considered 
in women with severe hypertension and marked hypokalemia 
(see Chapter 43). Based on this evaluation, the patient is then 
classified as having low-risk or high-risk chronic hypertension 
and is managed accordingly (Fig. 31-18).

FIG 31-18 Antepartum management of chronic hypertension. Low risk (*) includes those with controlled hypertension on medication and those 
not receiving antihypertensive drugs; high risk (tj includes those with uncontrolled hypertension, left ventricular dysfunction, and/or coexisting 
medical diseases (renal, diabetes mellitus, systemic lupus erythematosus). (From Sibai BM. Chronic hypertension in pregnancy. Obstet Gynecol. 
2002;100:369.)
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LOW-RISK HYPERTENSION
Women with low-risk chronic hypertension without super
imposed PE usually have a pregnancy outcome similar to 
that o f the general obstetric population. In addition, discon
tinuation of antihypertensive therapy early in pregnancy does 
not affect the rate of PE, abruptio placentae, or preterm delivery 
in these women. M any clinicians choose to discontinue antihy
pertensive treatment at the first prenatal visit because most of 
these women will experience a good pregnancy outcome without 
such therapy. Although many of these women will not require 
subsequent pharmacologic therapy, careful management is still 
essential (see Fig. 31-16). At the time of initial and subsequent 
visits, women are educated about nutritional requirements, 
weight gain, and sodium intake (maximum of 2.4 g/day). They 
are also counseled that consumption of alcohol and smoking 
during pregnancy can aggravate maternal hypertension and are 
associated with adverse effects on the fetus such as FGR and 
abruptio placentae. During each subsequent visit, they are 
observed closely for early signs of PE and FGR.

Fetal evaluation should include an ultrasound examination at
16 to 20 weeks’ gestation, to be repeated at 30 to 32 weeks and 
monthly thereafter until term. Antihypertensive treatment 
with either nifedipine or labetalol is initiated i f  the patient 
develops severe hypertension before term. The development 
o f severe hypertension, PE, or abnormal fetal growth requires 
immediate fetal testing with NST or BPP. Women who 
develop severe hypertension require hospitalization, and 
those with documented FGR by ultrasound examination 
require intensive surveillance and often delivery. If superim
posed PE is diagnosed at or beyond 37 weeks, delivery is under
taken as well. In the absence of these complications, the 
pregnancy may be continued until 40 weeks’ gestation.

HIGH-RISK HYPERTENSION
Women with high-risk chronic hypertension are at increased risk 
for adverse maternal and perinatal complications. The likelihood 
and impact of these complications will depend on the etiology 
of the hypertension as well as the degree of target-organ damage. 
Women with significant renal insufficiency (serum creatinine 
>1.4 mg/dL), diabetes mellitus with vascular involvement (class 
R/F), severe collagen vascular disease, cardiomyopathy, or coarc
tation of the aorta should receive thorough counseling regarding 
the adverse effects of pregnancy before conception. These women 
should be advised that pregnancy may exacerbate their condi
tion, with the potential for CHF, acute renal failure requiring 
dialysis, and even death. In addition, perinatal loss and neonatal 
complications are markedly increased in these women. All such 
women should be managed by, or in consultation with, a sub
specialist in maternal-fetal medicine in association with other 
medical specialists as needed. In addition, these women must be 
observed and delivered at a tertiary care center with the appro
priate resources for maternal and neonatal care.

Hospitalization o f women with high-risk uncontrolled 
hypertension at the time o f the first prenatal visit is recom
mended. This facilitates evaluation of cardiovascular and renal 
status and also facilitates regulation of antihypertensive medica
tions and other prescribed treatments (e.g., insulin, cardiac 
drugs, thyroid medications) if  needed. Women who receive ACE 
inhibitors or angiotensin II receptor antagonists should have 
these medications discontinued under close observation. Anti
hypertensive therapy with one or more o f the drugs listed in 
Table 31-20 is subsequently used in all women with systolic

TABLE 31-20 DRUGS USED TO TREAT HYPERTENSION 
IN PREGNANCY

STARTING M AXIM UM
DRUG DOSE DOSE COMMENTS

Acute Treatment of Severe Hypertension
Hydralazine 5-10 mg IV 

q20 min
20 mg* Avoid in cases of 

tachycardia and 
persistent 
headaches

Labetalol 20-40 mg IV 220 mg* Avoid in women
ql0-15 min with asthma or 

congestive 
heart failure

Nifedipine 10-20 mg oral 
q30 min

50 mg* Avoid in case of 
tachycardia and 
palpitations

Long-Term Treatment of Hypertension
Methyldopa 250 mg bid 4 g/day
Labetalol 100 mg bid 2400 mg/day
Nifedipine 10 mg bid 120 mg/day
Thiazide 12.5 mg bid 50 mg/day

diuretic

* I f  d e s ire d  b lo o d  pressu re  leve ls are n o t  a ch ie ve d , s w itc h  to  a n o th e r  d ru g .

BP o f 160 mm Hg or more or diastolic BP o f 110  mm Hg 
or more. In women without target-organ damage, the aim 
of antihypertensive therapy is to keep systolic BP between 
140 and 150 mm Hg and diastolic BP between 90 and 
100 mm Hg. In addition, antihypertensive therapy is indi
cated in women with mild hypertension plus target-organ 
damage because o f the short-term maternal benefits from 
lowering BP in such women. In these women, maintaining 
systolic BP below 140 mm Hg and diastolic BP below 
90 mm Hg is advised. In some women, BP may be difficult to 
control initially, which demands the use of IV therapy with 
hydralazine or labetalol or oral short-acting nifedipine with 
doses as described in Table 31-20. For maintenance therapy, the 
choices are either oral methyldopa, labetalol, slow-release nife
dipine, or a diuretic. Methyldopa remains the drug most com
monly recommended to treat hypertension during pregnancy; 
however, it is rarely used in nonpregnant hypertensive women. 
The recommended drug o f choice for control o f hypertension 
in pregnancy is labetalol, starting at 100 mg twice daily to 
be increased to a maximum o f 2400 mg/day. If maternal BP 
is not controlled with maximal doses o f labetalol, a second 
drug such as a thiazide diuretic or nifedipine may be added. 
For women with diabetes mellitus and vascular disease, oral 
nifedipine is recommended. Oral nifedipine or a thiazide 
diuretic is the drug of choice for young black women with 
hypertension because these women often manifest a low-renin- 
type hypertension or salt-sensitive hypertension. If maternal BP 
is adequately controlled with these medications, the patient can 
continue with the same drug after delivery.

Diuretics are commonly prescribed in women with essential 
hypertension before conception, although the use of diuretics 
throughout pregnancy is controversial. O f concern, women who 
use diuretics from early in pregnancy do not have an increase in 
plasma volume to the degree expected in normal pregnancy. 
However, this reduction in plasma volume has not been shown 
to be associated with an adverse effect on fetal outcome. There
fore it is appropriate to start diuretics as a single agent during 
pregnancy or to use them in combination with other agents, 
particularly in women with excessive salt retention. However,
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diuretics should be discontinued immediately if  superimposed 
PE develops or with evidence of suspected FGR because of the 
potential for reduced uteroplacental blood flow secondary to 
reduced plasma volume in women with these complications.

Early and frequent prenatal visits are the key for successful 
pregnancy outcome in women with high-risk chronic hyperten
sion. These women need close observation throughout preg
nancy and may require serial evaluation of 24-hour urine protein 
excretion and a CBC with a metabolic profile at least once every 
trimester. Further laboratory testing can be performed depend
ing on the clinical progress of the pregnancy. During each visit, 
the woman should be advised about the adverse effects of 
smoking and alcohol abuse, and she should receive nutritional 
advice regarding diet and salt intake.

Fetal evaluation should include an ultrasound examination at
16 to 20 weeks’ gestation, to be repeated at 28 weeks and sub
sequently every 3 weeks until delivery. NST or BPP testing 
is usually started at 28 to 32 weeks and then repeated weekly. 
The development o f uncontrolled severe hypertension or PE 
requires maternal hospitalization for more frequent evalua
tion o f maternal and fetal well-being. The development of 
FGR also requires intensive surveillance, and the develop
ment o f these complications at or beyond 34 weeks’ gestation 
should be considered an indication for delivery. In all other 
women, delivery should be considered at 36 to 37 weeks’ gesta
tion after documentation of fetal lung maturity.

Postpartum Management
Women with high-risk chronic hypertension are at risk for post
partum complications such as pulmonary edema, hypertensive 
encephalopathy, and renal failure. These risks are particularly 
increased in women with target-organ involvement, superim
posed PE, or placental abruption. In these patients, BP must 
be closely controlled for at least 24 hours after delivery. IV 
labetalol or hydralazine can be used as needed, and diuretics may 
be appropriate in women with circulatory congestion and pul
monary edema. This therapy is usually required in those who 
develop exaggerated and sustained severe hypertension in the 
first week postpartum.

Oral therapy may be needed to control BP after delivery. In 
some women, it is often necessary to switch to a new agent such 
as an ACE inhibitor, particularly in those with pregestational 
diabetes mellitus and those with cardiomyopathy. Some patients 
may wish to breastfeed their infant, and all antihypertensive 
drugs are found in the breast milk, although the milk-to-plasma 
ratio of these drugs varies. Additionally, the long-term effect of 
maternal antihypertensive drugs on breastfeeding infants has not 
been specifically studied. M ilk concentrations of methyldopa 
appear to be low and are considered to be safe. The (3-blocking 
agents (atenolol and metoprolol) are concentrated in breast 
milk, whereas labetalol and propranolol have low concentra
tions. Concentrations of diuretic agents in breast m ilk are low; 
however, they may induce a decrease in m ilk production.

Little information is available about the transfer of calcium 
channel blockers to breast milk, but no side effects are apparent. 
ACE inhibitors and angiotensin II receptor antagonists should 
be avoided because of their effects on neonatal renal function, 
even though their concentrations appear to be low in breast m ilk 
(see Chapter 24).

Finally, in breastfeeding women, the use o f methyldopa as 
a first-line oral therapy is a reasonable choice. If methyldopa 
is contraindicated, labetalol may be used.

HYPERTENSIVE EMERGENCIES 
IN CHRONIC HYPERTENSION
On rare occasions, pregnant women may present with life- 
threatening clinical conditions that require immediate control 
of BP, such as hypertensive encephalopathy, acute left ventricular 
failure, acute aortic dissection, or increased circulating catechol
amines (pheochromocytoma, clonidine withdrawal, cocaine 
ingestion). Patients at highest risk for these complications 
include those using multiple drugs to control their hypertension 
and also women with underlying cardiac or chronic glomerular 
renal disease, superimposed PE in the second trimester, and 
placental abruption complicated by DIC. Although a diastolic 
BP of 115 mm Hg or greater is usually considered a hyperten
sive emergency, this level is actually arbitrary, and the rate of 
change of BP may be more important than its absolute level. 
The association of elevated BP with evidence of new or progres
sive end-organ damage determines the seriousness of the clinical 
situation.

Hypertensive Encephalopathy
Untreated essential hypertension progresses to a hypertensive 
crisis in up to 1% to 2% of cases for unknown reasons. Hyper
tensive encephalopathy is usually seen in patients with 
a systolic BP above 220 mm Hg or a diastolic BP above
130 mm Hg. Patients with an acute onset of hypertension may 
develop encephalopathy at pressure levels that are generally tol
erated by those with chronic hypertension. Normally, cerebral 
blood flow is about 50 mL/min per 100 g tissue. When the BP 
falls, cerebral arterioles normally dilate, whereas when BP 
increases, they constrict to maintain constant cerebral blood 
flow. This mechanism usually remains operative between 60 and 
120 mm Hg diastolic BP. Hypertensive encephalopathy is 
currently considered to be a derangement o f the autoregula
tion o f cerebral arterioles, which occurs when the upper limit 
of autoregulation is exceeded. W ith severe hypertension (130 
to 150 mm Hg cerebral perfusion pressure), cerebral blood 
vessels constrict as much as possible and then reflex cerebral 
vasodilation occurs. This results in overperfusion, damage to 
small blood vessels, cerebral edema, and increased intracranial 
pressure (breakthrough theory). Others believe that hypertensive 
encephalopathy results from an exaggerated vasoconstrictive 
response of the arterioles that results in cerebral ischemia {over
regulation theory). Patients who have impaired auto regulation 
that involves the cerebral arterioles may experience necrotizing 
arteriolitis, microinfarcts, petechial hemorrhages, multiple small 
thrombi, or cerebral edema. Typically, hypertensive encepha
lopathy has a subacute onset over 24 to 72 hours.

During a hypertensive crisis, other evidence for end-organ 
damage may be present: cardiac, renal, or retinal dysfunction 
secondary to impaired organ perfusion and loss of autoregula
tion of blood flow. Ischemia of the retina with flame-shaped 
retinal hemorrhages, retinal infarcts, or papilledema may occur 
and can cause decreased visual acuity. Impaired regulation of 
coronary blood flow and a marked increase in ventricular wall 
stress may result in angina, myocardial infarction (MI), CHF, 
malignant ventricular arrhythmia, pulmonary edema, or dissect
ing aortic aneurysm. Necrosis of the afferent arterioles of the 
glomerulus results in hemorrhages of the cortex and medulla, 
fibrinoid necrosis, and proliferative endarteritis that results in 
elevated serum creatinine (>3 mg/dL), proteinuria, oliguria, 
hematuria, hyaline or red blood cell casts, and progressive
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azotemia. Severe hypertension may result in placental abruption 
with resultant DIC. In addition, high levels of angiotensin II, 
norepinephrine, and vasopressin accompany ongoing vascular 
damage. These circulating hormones increase relative efferent 
arteriolar tone, which results in sodium diuresis and hypovole
mia. Because levels of renin and angiotensin II are increased, 
the aldosterone level is also elevated. The impact of these 
endocrine changes may be important in maintaining the hyper
tensive crisis.

Treatment of Hypertensive Encephalopathy
The ultimate goal of therapy is to prevent the occurrence of a 
hypertensive emergency. Patients at risk for a hypertensive crisis 
should receive intensive management during labor and for a 
minimum of 48 hours after delivery. Although pregnancy may 
complicate the diagnosis, once the life-threatening conditions 
are recognized, pregnancy should not in any way slow or alter 
the mode of therapy. The only reliable clinical criterion to 
confirm the diagnosis o f hypertensive encephalopathy is 
prompt response o f the patient to antihypertensive therapy. 
The headache and sensorium often clear dramatically, some
times within 1 to 2 hours after the treatment. The overall 
recovery may be somewhat slower in patients with uremia and 
when symptoms have been present for a prolonged period before 
the therapy is given. Sustained cerebrovascular deficits should 
suggest other diagnoses.

Patients with hypertensive encephalopathy or other hyperten
sive crisis should be hospitalized for bed rest. IV lines should be 
inserted for fluids and medications. Although the tendency is to 
restrict sodium intake in patients with a hypertensive emergency, 
volume contraction from sodium diuresis may be present. A 
marked drop in diastolic BP with a rise in heart rate on standing 
from the supine position is evidence of volume contraction. 
Infusion of normal saline solution during the first 24 to 48 hours 
to achieve volume expansion should be considered. Saline infu
sion can help decrease the activity of the renin-angiotensin- 
aldosterone axis and can result in better BP control. Simultaneous 
repletion of potassium losses and continuous monitoring of BP, 
volume status, urinary output, ECG readings, and mental status 
are mandatory. An intraarterial line provides the most accurate 
BP information. Laboratory studies include a CBC with dif
ferential, reticulocyte count, platelets, and blood chemistries. A 
urinalysis should be obtained for protein, glucose, blood, cells, 
casts, and bacteria. Assessment for end-organ damage in the 
CNS, retina, kidneys, and cardiovascular system should be done 
periodically. Antepartum patients should have continuous fetal 
monitoring.

LOWERING BLOOD PRESSURE IN 
HYPERTENSIVE ENCEPHALOPATHY
Certain risks are associated with an overly rapid or excessive 
reduction o f elevated BP. The aim o f therapy is to lower mean 
BP by no more than 15%  to 25% . Small reductions in BP in 
the first 60 minutes, working toward a diastolic level o f 100  
to 1 10  mm Hg, have been recommended. Although cerebral 
blood flow is maintained constantly over a wide range of BPs, 
autoregulation has a lower and upper limit. In chronically hyper
tensive women who have a rightward shift of the cerebral auto
regulation curve secondary to medial hypertrophy of the cerebral 
vasculature, lowering BP too rapidly may produce cerebral isch
emia, stroke, or coma. Coronary blood flow, renal perfusion, 
and uteroplacental blood flow also may deteriorate, resulting in

acute renal failure, MI, fetal distress, or death. Hypertension that 
proves increasingly difficult to control is an indication to termi
nate the pregnancy. If the patient’s outcome appears to be grave, 
consideration of perimortem cesarean delivery should be made.

The drug o f choice in a hypertensive crisis is sodium nitro- 
prusside. Other agents such as nitroglycerin, nifedipine, 
trimetaphan, labetalol, and hydralazine can also be used.

SODIUM NITROPRUSSIDE
Sodium nitroprusside causes arterial and venous relaxation by 
interfering with both influx and the intracellular activation of 
calcium. It is given as an IV infusion of 0.25 to 3 (Ig/kg/min. 
The onset of action is immediate, and its effect may last 3 to 5 
minutes after discontinuing the infusion. Hypotension caused 
by nitroprusside should resolve within a few minutes of stopping 
the infusion because the drug’s half-life is so short. If it does not 
resolve, other causes for hypotension should be suspected.

The effect of nitroprusside on uterine blood flow is contro
versial. Nitroprusside is metabolized into thiocyanate, which is 
excreted in the urine. Cyanide can accumulate if  production is 
increased as a result of large doses (>10 |Ig/kg/min) or pro
longed administration (>48 hours), or if  there is renal insuffi
ciency or decreased metabolism in the liver. Signs of toxicity 
include anorexia, disorientation, headache, fatigue, restlessness, 
tinnitus, delirium, hallucinations, nausea, vomiting, and meta
bolic acidosis. W hen it is infused at less than 2 |J.g/kg/min, 
cyanide toxicity is unlikely. At a maximal dose rate of 10 |i.g/kg/ 
min, infusion should never last more than 10 minutes. Animal 
experiments and the few reported cases of nitroprusside use in 
pregnancy have revealed that thiocyanate toxicity to mother 
and fetus rarely occur i f  it is used in a regular pharmacologic 
dose. Tachyphylaxis to nitroprusside usually develops before 
toxicity occurs. Whenever toxicity is suspected, therapy should 
be initiated with 3% sodium nitrite at a rate not to exceed 5 mL/ 
min up to a total dose of 15 mL. Then, infusion of 12.5 g of 
sodium thiosulfate in 50 mL of 5% dextrose in water over a 10 
minute period should be started.

NITROGLYCERIN
Nitroglycerin is an arterial but mostly venous dilator. It is given 
as an IV infusion of 5 |J.g/min that is gradually increased every 
3 to 5 minutes to titrate BP up to a maximal dose of 100 mg/ 
min. It is the drug o f choice in PE associated with pulmonary 
edema and for control o f hypertension associated with tra
cheal manipulation. Side effects such as headache, tachycardia, 
and methemoglobinemia may develop. It is contraindicated in 
hypertensive encephalopathy because it increases cerebral blood 
flow and intracranial pressure.

KEY POINTS

♦ Hypertension is the most common medical complica
tion during pregnancy.

♦ Preeclampsia is a leading cause of maternal mortality 
and morbidity worldwide.

♦ The pathophysiologic abnormalities of preeclampsia are 
numerous, but the etiology is unknown.

♦ At present, there is no proven method to prevent pre
eclampsia. However, low-dose aspirin may have a role 
in certain women.
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♦ The HELLP syndrome may develop in the absence of 
maternal hypertension and proteinuria.

♦ Expectant management improves perinatal outcome in 
a select group of women with severe preeclampsia before
32 weeks’ gestation.

♦ Magnesium sulfate is the preferred agent to prevent or 
treat eclamptic convulsions.

♦ Rare cases of eclampsia can develop before 20 weeks’ 
gestation and beyond 48 hours postpartum.

♦ Antihypertensive agents do not improve pregnancy 
outcome in women with mild uncomplicated chronic 
hypertension.

♦ Labetalol is the drug of choice for the treatment of 
chronic hypertension during pregnancy; ACE inhibitors 
should not be used.
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TABLE 32-1 DETERMINATION OF MONOZYGOTIC  
TWIN PLACENTATION

T IM IN G  OF P ER C E N TA G E  OF
C LE A V A G E  OF R E SU LTIN G M O N O Z Y G O T IC
FE RTILIZED O V U M P LA C E N T A T IO N T W IN S

<72 hours Diamniotic
dichorionic

25-30

Days 4-7 Diamniotic
monochorionic

70-75

Days 8-12 Monoamniotic
monochorionic

1-2

>Day 13 Conjoined Very rare

Dichorionic, diamniotic Dichorionic, diamniotic
(fused placentas) (separate placentas)

FIG 32-1 Placentation in twin pregnancies.

The increase in multiple births during the past 30 years 
has been well documented, making multiple gestations one 
of the most common high-risk conditions encountered by 
obstetricians. The increase in multiples is due to assisted repro
ductive technology (ART), as well as older maternal age at 
childbirth, a known risk factor for spontaneous dizygotic twin
ning. Over the three decades between 1980 and 2009, the twin 
birth rate rose by 76%, from 18.9 per 1000 to 33.2 per 1000 
births. Until 2004, the twin birth rate rose by approximately 
2% each year. However, since 2004, the twin birth rate has 
remained relatively stable, with a reported rate o f 33.1 per 
1000 births in 2012.' Likewise, rates of triplets and higher- 
order multiples increased by more than 400% during the 1980s 
and 1990s, reaching an all-time high in 1998 at a rate of 193.5 
per 100,000. Since then, the rate has generally trended down
ward. The 2012 rate of 124.4 per 100,000 births is the lowest 
since 1994.'

ZYGOSITY AND CHORIONICITY
Twins can be either monozygotic (MZ) or dizygotic (DZ). 
Zygosity refers to the genetic makeup of the twin pregnancy, and 
chorionicity indicates the pregnancy’s placental composition (Fig.
32-1). Chorionicity is determined by the mechanism o f twin
ning and, in MZ twins, by the timing o f embryo division. 
Early determination o f chorionicity is vital because it is a 
major factor in determining obstetric risks, management, 
and outcomes. Because they result from the fertilization of two 
different ova by two separate sperm, DZ twins always develop 
dichorionic diamniotic placentation because each blastocyst 
generates its own chorionic and amniotic sacs. An MZ twin 
pregnancy is created by the fertilization of one egg by one sperm 
and subsequent spontaneous cleavage of the fertilized ovum.

Thus the type of placentation that develops is determined by the 
timing of this cleavage (Table 32-1).

MZ twins are at higher risk for adverse outcomes than are 
DZ twins. Not only do MZ twins have higher rates o f anoma
lies than DZ twins, they also deliver earlier, have a lower 
birthweight, and have higher rates o f intrauterine and neo
natal death. However, several studies, including one that used 
DNA analysis to confirm zygosity, have shown that monocho- 
rionicity, rather than monozygosity per se, is the determining 
factor.

DISTRIBUTION AND CAUSES OF DIZYGOTIC 
VERSUS MONOZYGOTIC TWINNING
Among natural conceptions, DZ twins arise in about 1% to 
1.5%  o f pregnancies, and MZ twins occur in 0.4%  o f preg
nancies. Rates o f spontaneous DZ twinning are gready 
affected by maternal age, family history, and race. The risk 
for DZ twinning increases with maternal age and peaks at 37  
years o f age. Maternal family history, particularly in first-degree 
relatives, also increases the chance of spontaneous DZ twinning. 
Paternal family history contributes little or nothing to this risk. 
Finally, women of African descent have higher rates of DZ twin
ning than white women, who in turn have higher rates than 
women of Asian descent. For instance, in Japan, 1 in 250 new
borns is a twin, whereas in Nigeria, 1 in 11 babies is a product 
of a twin gestation.

The causes of DZ twinning are much better understood than 
the causes of MZ twinning. DZ twins result from multiple 
ovulation, which is associated with higher maternal follicle- 
stimulating hormone (FSH) levels. FSH levels, and thus rates 
of DZ twinning, vary with season, geography, maternal age, and 
body habitus. Increases in DZ twins have been reported in 
summer months and in locations with more daylight hours and 
also in taller, heavier, and older mothers. Higher rates of DZ 
twinning have also been reported following discontinuation of 
birth control pills, presumably due to a rebound in FSH levels 
after discontinuation of hormonal suppression.

The causes of MZ twinning are less clear. No naturally occur
ring animal models for MZ twinning exist except for armadillos, 
which produce MZ quadruplets or octuplets. It has been pro
posed that MZ twinning in humans is a teratogenic event. 
Theories for MZ twinning in humans include fertilization of an 
“old” ovum with a more fragile zona pellucida or inadequate 
cytoplasm and with damage to the inner cell mass that leads to 
two separate points of regrowth and splitting of the fertilized 
ovum. MZ twinning rates are constant across all variables, with 
the exception of assisted reproduction. In vitro fertilization

Monochorionic,
monoamniotic

Monochorionic,
diamniotic
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(IVF) and ovulation induction have been shown to produce 
higher rates of MZ twins. Against a spontaneous rate of 0.4% 
in the general population, studies have reported rates of MZ 
twinning more than tenfold higher in pregnancies conceived 
by assisted fertility. One theory to explain these increased rates 
of MZ twinning is that injury to the zona pellucida may be 
responsible for the increased tendency toward iatrogenic zygote 
splitting.

DIAGNOSIS OF MULTIPLE GESTATIONS
Prenatal ultrasound is invaluable to the early diagnosis of a 
multiple gestation. Before the advent of routine prenatal ultra
sound, many twins were not diagnosed until late in gestation 
or at delivery. Using transvaginal ultrasound, separate gesta
tional sacs with individual yolk sacs can be identified as 
early as 5 weeks from the first day o f the last menstrual 
period, and embryos with cardiac activity can usually be 
seen by 6 weeks. Retromembranous collections of blood or 
fluid or a prominent fetal yolk sac should not be confused with 
a twin gestation. Another entity that could be confused with a 
multiple gestation would be a singleton pregnancy with a sepa
rate pseudosac in a bicornuate or didelphic uterus. The sonog- 
rapher must be compulsive in examining the entire uterine 
cavity in order to avoid underdiagnosing or overdiagnosing a 
multiple gestation.

Determination of Chorionicity
Accurate determination of chorionicity and amnionicity early in 
pregnancy is vital to optimal obstetric care. A 2010 editorial 
argued that “there is no diagnosis of twins” but rather any twin 
gestation must be further classified at diagnosis as either mono
chorionic or dichorionic.2 Knowledge o f chorionicity is essen
tial in counseling patients on obstetric and neonatal risks 
because chorionicity is a major determinant o f pregnancy 
outcome. Chorionicity is also crucial in making a surveil
lance and management plan because monochorionic twin 
gestations require closer surveillance for complications 
unique to monochorionic placentation, such as twin-twin 
transfusion syndrome (TTTS).

Determination o f chorionicity is easiest and most reliable 
when assessed in the first trimester. Between 6 and 10 weeks, 
counting the number of gestational sacs and evaluating the 
thickness of the dividing membrane is the most reliable method 
of determining chorionicity (Table 32-2). Two separate

TABLE 32-2 DETERMINATION OF CHORIONICITY 
AND AMNIONICITY IN 
FIRST-TRIMESTER PREGNANCIES

PLACENTATION
GESTATIONAL
SACS

YOLK
SACS

AMNIOTIC
CAVITIES

Dichorionic
diamniotic

2 2 2 (thick 
dividing 
membrane)

Monochorionic
diamniotic

1 2 2 (thin 
dividing 
membrane)

Monochorionic 1 1* 1
monoamniotic________________________________________________

* Although this is nearly always true, there have been case reports of two yolk sacs in early 
pregnancy in twins later confirmed to be monoamniotic.

gestational sacs, each containing a fetus, and a thick dividing 
membrane represent a dichorionic diamniotic pregnancy, 
whereas one gestational sac with a thin dividing membrane and 
two fetuses suggests a monochorionic diamniotic pregnancy 
(Fig. 32-2). For monochorionic gestations, the dividing amni
otic membrane may be very difficult to visualize in the first 
trimester. However, with rare exceptions, the number of amni
otic sacs will be the same as the number of yolk sacs, which are 
relatively easy to count in early gestation.

After 9 weeks, the dividing membranes become progressively 
thinner, but in dichorionic pregnancies, they remain thicker and 
easy to identify. At 11 to 14  weeks’ gestation, sonographic 
examination o f the base o f the intertwin membrane for the 
presence or absence o f the lambda, or twin peak, sign pro
vides reliable distinction between a fused dichorionic and a 
monochorionic pregnancy. The twin peak sign is a triangular 
projection of tissue that extends beyond the chorionic surface of 
the placenta (Fig. 32-3). This tissue is insinuated between the 
layers of the intertwin membrane, is wider at the chorionic 
surface, and tapers to a point at some distance inward from that 
surface. This finding is produced by extension of chorionic villi 
into the potential interchorionic space of the twin membrane 
where it encounters the placenta of the co-twin; this space exists 
only in dichorionic pregnancies. The twin peak sign cannot 
occur in monochorionic placentation because the single con
tinuous chorion does not extend into the potential interamniotic 
space of the monochorionic diamniotic twin membrane.

After the early second trimester, determination o f chori
onicity and amnionicity becomes less accurate, and different 
techniques are used to assess placentation (Fig. 32-4). The 
sonographic prediction of chorionicity and amnionicity should 
be systematically approached by determining the number of 
placentae and the sex of each fetus and then by assessing the 
membranes that divide the sacs. In our own experience we found 
that using these criteria, dichorionicity could be determined 
with 97.3%  sensitivity and 91.7%  specificity, and monocho- 
rionicity with 91.7%  sensitivity and 97.3%  specificity, in 
twin gestations first scanned at 22.6 ± 6.9 weeks.3 In some 
pregnancies with monochorionic diamniotic placentation, the 
dividing membranes may not be sonographically visualized 
because they are very thin. In other cases, they may not be seen 
because severe oligohydramnios causes them to be closely 
apposed to the fetus in that sac. This results in a “stuck twin” 
appearance, in which the trapped fetus remains firmly held 
against the uterine wall despite changes in maternal position. In 
many cases, a small portion of the dividing membrane can be 
seen extending from a fetal edge to the uterine wall (Fig. 32-5). 
Diagnosis of this condition confirms the presence of a mono
chorionic diamniotic gestation, which should be distinguished 
from a monoamniotic gestation, in which dividing amniotic 
membranes are absent. In the latter situation, free movement of 
both twins— and entanglement of their umbilical cords— can be 
demonstrated.

Determination of Zygosity
If a twin set is monochorionic, monozygosity can be inferred. If 
twins are different genders, with very rare anecdotal exceptions, 
they can be assumed to be DZ. It is estimated that based on 
these two findings, about 55% of all twins’ zygosity can be 
determined by examination of the babies and placentae. Con
versely, 45% of all twins (same-sex dichorionic twins) would 
need further genetic testing to determine zygosity.
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A B

FIG 32-2 A, An early first-trimester dichorionic twin gestation. Note the clearly separate gestational sacs, each surrounded by a thick echogenic 
ring. B, A mid first-trimester monochorionic diamniotic twin pregnancy with a very thin, hairlike dividing membrane (MEM, arrow). C, An early 
first-trimester image of a dichorionic triamniotic triplet pregnancy. Note that monochorionic triplets B and C are separated by a very thin mem
brane, whereas triplet A— with its own placenta— is separated from B and C by a thick membrane.

Monochorionic, 
monoamniotic likely

No
membrane

Thin membrane 
<2 mm or 2 layers

Monochorionic, 
diamniotic likely

Thick membrane 
>2 mm or 4 layers

Dichorionic, 
diamniotic likely

FIG 32-4 Algorithm for determination of chorionicity and amnionicity in 
the second and third trimesters.

FIG 32-3 Twin peak sign in a dichorionic twin pregnancy. P, fused 
dichorionic placentae.

MATERNAL AND FETAL RISKS
OF MULTIPLE GESTATION
Maternal Adaptation to Multifetal Gestation
The degree o f maternal physiologic adaptation to pregnancy 
(see Chapter 3) is exaggerated with a multiple gestation.
Levels of maternal progesterone, estriol, and human chorionic 
somatomammotropin (placental lactogen) are higher in multiple 
gestations than in singletons. This increase in human placental 
lactogen (hPL) modifies maternal metabolism and is thought to 
be the cause of the increased risk for gestational diabetes seen 
in multifetal pregnancies. Increased production of multiple pla
cental proteins such as human chorionic gonadotropin (hCG)
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710 Section V Com plicated Pregnancy

may contribute to clinical conditions such as a greater risk  fo r  
hyperemesis, and it complicates the interpretation of both first- 
and second-trimester maternal serum screening tests. Cardiovas
cular adaptations are also greater; both heart rate and stroke 
volume are increased compared with that of singleton gestations, 
thus increasing cardiac output. In addition to these cardiac 
changes, plasma volume expansion and total body water are 
remarkably increased in twin gestations. Partially as a conse
quence of increased total body water, colloid oncotic pressure is 
reduced. Clinical effects of the decreased colloid oncotic pressure 
are increased dependent edema and a greater propensity fo r  
pu lm onary edema.

Studies using dye excretion have suggested that hepatic clear
ance capacity is reduced in pregnancy in general and even more 
so in twin gestation. As described previously, serum protein 
concentrations are decreased during pregnancy. Although this is 
partially due to increased total body water, likely some degree 
of reduced hepatic contribution of serum proteins is present that 
is again more exaggerated in multifetal gestation compared with 
singleton pregnancies. Most obvious to patients, marked uterine 
changes also occur. By 25 weeks’ gestation, the average tw in  
gestation uterine size is equal to  a term  singleton pregnancy. 
By term, the total uterine volume is often 10,000 mL, and the 
weight of the uterus and its contents can exceed 8 kg. These

FIG 32-5 The donor twin "stuck" against the anterior uterine wall in a 
case of twin-twin transfusion syndrome. Note the small portion of 
membrane visible (arrow) extending from the edge of the fetus to the 
uterine wall.

changes are even more exaggerated with triplets and higher- 
order gestations.

Maternal Morbidity and Mortality
V irtu a lly  every obstetric com plication, w ith  the exception o f  
macrosomia and postterm  gestation, is more com m on w ith  
m ultip le  gestations, and in  general the risk  rises p ropor
tio n a lly  to  increasing p lu ra lity . Table 32-3 provides the rela
tive risks for various obstetric complications in twin gestations 
compared with singletons.4 In addition to the conditions listed 
in the table, multiples are associated with higher rates of gesta
tional diabetes and rare but life-threatening conditions such as 
acute fatty liver and peripartum cardiomyopathy. A dditiona lly , 
women pregnant w ith  m ultip les n o t o n ly  have higher risks 
fo r developing certain conditions b u t also are more like ly  
to  have more severe manifestations o f  those conditions. For 
instance, Sibai and associates5 showed that not only are mothers 
of twins more likely to develop preeclampsia (relative risk [RR], 
2.62; 95% confidence interval [CI], 2.03 to 3.38), but twin 
mothers with preeclampsia also have higher rates of delivery 
before 37 weeks and before 35 weeks as well as higher rates of 
placental abruption and small-for-gestational-age (SGA) infants 
than singleton mothers with preeclampsia. A large retrospective 
analysis of 24,781 singleton, 6859 twin, 2545 triplet, and 189 
quadruplet pregnancies found an incidence of pregnancy-related 
hypertensive conditions of 6.5% in singletons, 12.7% in twins, 
and 20% in triplets and quadruplets.6 A typ ica l presentations o f 
preeclampsia are also more com m on in  m u ltife ta l gestations, 
especially trip le ts  and h igher-order m ultip les. One retrospec
tive review of 21 triplet and 8 quadruplet pregnancies found 
that only half of the women who were delivered for preeclamp
sia had elevated blood pressures before delivery. Furthermore, 
proteinuria was present in only 3 of 16 women before delivery. 
Predominant presentations of preeclampsia in this series were 
laboratory abnormalities (chiefly elevated liver enzymes) and 
maternal symptoms.7 One theory for the higher incidence of 
atypical preeclampsia in women with triplet and higher-order 
multiples is that the exaggerated hemodynamic changes found 
in higher-order multiples will mask the “typical” maternal mani
festations of preeclampsia.

These increased maternal risks extend to life-threatening mor
bidity and even mortality. Multiple gestation has been found 
to be an independent risk factor for intensive care unit (ICU) 
admission.8 Finally, although fo rtuna te ly  s till a very rare event, 
maternal death is also increased in  m u ltife ta l gestations. A

TABLE 32-3 MATERNAL COMPLICATIONS IN MULTIPLE GESTATIONS

SINGLETON (n = 71,851) (%) TWIN (n = 1694) (%) RR 95% Cl

Hyperemesis 1.7 5.1 3.0 2.1 to 4.1
Threatened spontaneous abortion 18.6 26.5 1.4 1.3 to 1.6
Anemia 16.2 27.5 1.7 1.5 to 1.9
Abruption 0.5 0.9 2.0 1.2 to 3.3
Gestational hypertension 17.8 23.8 1.3 1.2 to 1.5
Preeclampsia 3.4 12.5 3.7 3.3 to 4.3
Eclampsia 0.1 0.2 3.4 1.2 to 9.4
Antepartum thromboembolism 0.1 0.5 3.3 1.3 to 8.1
Manual placental extraction 2.5 6.7 2.7 2.2 to 3.2
Evacuation of retained products 0.6 2.0 3.1 2.0 to 4.8
Primary PPH (>1000 mL) 0.9 3.1 3.4 2.9 to 4.1
Secondary PPH 0.6 1.7 2.6 1.8 to 4.6
Postpartum thromboembolism 0.2 0.6 2.6 1.1 to 5.9

From Campbell DM, Templeton A. Maternal complications of twin pregnancy. In t J  G ynecol Obstet. 2004;84:71-73. 
CI, confidence interval; PPH, postpartum hemorrhage; RR, relative risk.
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TABLE 32-4 BIRTH OUTCOMES FOR MULTIPLE GESTATIONS

MEAN MEAN GESTATIONAL DELIVERY <32 WK LBW <%) VLBW (%)
BIRTHWEIGHT (g> AGE AT DELIVERY (WK) GESTATION (%) (<2500 g) (<1500 g)

Singleton 3296 38.7 1.6 6.4 1.1
Twins 2336 35.3 11.4 56.6 9.9
Triplets 1660 31.9 36.8 95.1 35.0
Quadruplets 1291 29.5 64.5 98.6 68.1
Quintuplet and higher-order 1002 26.6 95 94.6 86.5

Martin JA, Hamilton BE, Ventura SJ, et al. Births: Final data for 2009. National vital statistics reports; vol 60 no 1. Hyattsville, MD: National Center for Health Statistics, 2011. 
LBW, low birthweight; VLBW, very low birthweight.

relative risk of 2.9 (95% CI, 1.4 to 6.1) for maternal death in 
women pregnant with multiples has been reported. ’

Perinatal Morbidity and Mortality
Multifetal gestations carry significant perinatal risks. Babies 
who are products o f multiple gestations have higher rates of 
low birthweight (LBW), very low birthweight (VLBW), 
earlier gestational age at delivery, and higher rates o f neona
tal and infant death and cerebral palsy (Table 32-4).10 One in 
8 twins and 1 in 3 triplets are born before 32 weeks’ gestation 
compared with only 2 in 100 singletons. Additionally, the risk 
for infant death is dramatically higher than in singletons: twins 
are more than 4 times, triplets 10 times, and quadruplets more 
than 20 times as likely to die in infancy.1 Rates of cerebral palsy 
have been estimated to be 4 to 8 times higher in twins than in 
singletons and as much as 47 times higher in triplets. Most of 
this increased risk is attributable to higher rates of early preterm 
delivery and VLBW in multiple gestations. Notably, although 
the overall rates of cerebral palsy are higher in twins than in 
singletons, LBW preterm twins do not have higher rates than 
similar-weight, gestational age-matched singletons. Interest
ingly, however, most studies have demonstrated higher rates of 
cerebral palsy for twins born at term weighing more than 2500 g 
than for comparable term singletons. This difference is mostly a 
reflection of the effect of monochorionicity on twin growth and 
development.

Fetal Anomalies
Fetuses in multiple gestations are known to be at increased 
risk for anatomic abnormalities, although the exact degree 
of risk is debated. The largest series11 available, an international 
study of more than 260,000 twins, found an increased relative 
risk for major anomalies of 1.25 (95% CI, 1.21 to 1.28); anoma
lies were found in all organ systems. This study, however, was 
not informed on zygosity or chorionicity, and most experts 
believe that much o f the increased risk for structural anoma
lies in multiple gestation is associated with MZ twinning.

A 2009 population-based study12 from England found that 
rates of congenital anomalies were 1.7 times more frequent in 
twins compared with singletons (95% CI, 1.5 to 2.0) and that 
the relative risk for monochorionic twins was nearly twice that 
of dichorionic twins (RR, 1.8; 95% CI, 1.3 to 2.5). ATaiwanese 
series13 of 844 twin sets compared with 4573 control singletons 
found a doubling of the relative risk of major congenital mal
formations in twins compared with singletons. W hen broken 
down by zygosity, the relative risks were 1.7 for DZ twins and
4.6 for MZ twins with an anomaly prevalence of 0.6% for 
singletons, 1% for DZ twins, and 2.7% for MZ twins. Anoma
lies were concordant in 18% of the MZ twins but in none of 
the DZ twins. Older studies have shown somewhat higher

overall anomaly rates both for singletons and twins but found 
similar distributions. Thus the overall evidence supports an 
approximately twofold increased risk for congenital anoma
lies in twins versus singletons, with most o f this risk occur
ring in MZ twins.

A strong association has been found between MZ twinning 
and midline structural defects. Nance14 has presented evidence 
that a group of birth defects that involve midline structures— 
including symmelia, holoprosencephaly, exstrophy of the cloaca, 
and neural tube defects— may be associated with the MZ twin
ning process. Nance suggests that the MZ twinning process with 
its attendant opportunities for asymmetry, cytoplasmic defi
ciency, and competition in utero may favor the discordant 
expression of midline defects in these gestations.

ISSUES AND COMPLICATIONS UNIQUE 
TO MULTIPLE GESTATIONS 
"Vanishing Twin"
The so-called vanishing twin is a well-known obstetric phenom
enon, and this term refers to the loss o f one fetus o f a multiple 
gestation early in pregnancy. This is typically either asymptom
atic or associated with spotting or mild bleeding. Landy and 
colleagues15 reported on a series of 1000 first-trimester ultra
sounds and found an incidence of twinning of just over 3%. 
After confirming a twin gestation (two embryos with heart
beats), 21.2% ultimately delivered singletons. In general, if  two 
gestational sacs are confirmed by the first-trimester ultrasound, 
the chance of delivering twins is 63% for women younger than 
30 years and 52% for women 30 years or older. If two embryos 
with cardiac activity are seen in the first trimester, the chance of 
a twin birth rises to 90% for women younger than 30 years and 
84% for women 30 years or older.1'’ Other investigators have 
shown that, not unexpectedly, the earlier the initial ultrasound, 
the greater the chance of a vanishing twin phenomenon. Addi
tionally, monochorionic twin gestations are at higher risk for 
either a vanishing twin or a complete pregnancy loss than are 
dichorionic twins. A vanishing twin phenomenon is even more 
common in higher-order multiples. Dickey and colleagues17 per
formed an ultrasound at 3.5 to 4.5 weeks postovulation and 
repeated the scan every 2 weeks until 12 weeks to assess the 
natural history of early pregnancy in higher-order gestations. 
Spontaneous loss of one or more sacs occurred in 53% of 132 
triplets and in 65% of 23 quadruplets. Most of these losses were 
recognized earlier than 9 weeks’ gestation.

First-Trimester Multifetal Pregnancy Reduction
The increasing use of ovulation induction and assisted reproduc
tion has resulted in a growing number of multifetal pregnancies 
with three or more fetuses. Because the risk for pregnancy loss,
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712 Section V Complicated Pregnancy

preterm delivery, and long-term physical and neurodevelop- 
mental morbidity for children who are products o f multiple 
gestations is direcdy proportional to the number o f fetuses 
being carried, first-trimester multifetal pregnancy reduction 
(MPR) has been advocated as a method to reduce the risks 
associated with prematurity. Currently the method of choice 
is injection of potassium chloride into the thorax of one or more 
of the fetuses, most commonly performed transabdominally 
under real-time sonographic guidance. Unless reduction of 
the entire monochorionic component is planned, the use 
o f this technique is contraindicated in monochorionic preg
nancies because o f the vascular communications within the 
placenta.

MPR is an outpatient procedure usually performed between 
11 and 13 weeks, and chorionic villus sampling (CVS) can be 
performed on some or all of the fetuses before the procedure 
to confirm karyotype if desired. Ultrasound is used to map the 
location of each fetus, nuchal translucencies should be measured, 
and prophylactic antibiotics are often administered. Any fetus 
that appears small for gestational age, anatomically abnormal, 
abnormal in nuchal translucency measurement, or is known to 
have a karyotypic abnormality is included among those reduced. 
If a monochorionic twin component is present in a higher-order 
multiple gestation, the monochorionic set is generally targeted 
for reduction. If no abnormalities can be detected, the fetus 
or fetuses that are technically most accessible are chosen for 
reduction. In order to minimize the risk for premature rupture 
of the membranes whenever possible, the fetus whose sac over
lies the internal cervical os is not electively reduced. Follow-up 
ultrasound examinations should be performed to confirm the 
success of the procedure and to monitor the growth of the 
remaining fetuses.

In deciding on the appropriateness of MPR for a multifetal 
pregnancy, the clinician must take into account not only the 
potential improvement in pregnancy outcome from reducing a 
higher-order multifetal pregnancy but also the risk of losing the 
entire desired pregnancy as a result of the procedure. Evans and 
colleagues18 published a series of 3513 completed first-trimester 
MPR procedures from 11 centers in five countries. The overall 
loss rate was 9.6%, but each of the participating centers showed 
significant improvement in this parameter as the operators 
developed more experience. Additionally, loss rates increased 
steadily from 4.5% to 15.4% as the number of starting fetuses 
rose from three to six or more.

Stone and colleagues19 also demonstrated a learning curve 
evidenced by fewer complications with increasing experience. A 
2008 report of the most recent 1000 multifetal reductions (of 
>2000 procedures performed by their group at that time) found 
that the overall unintended pregnancy loss rate was 4.7% , a 
decrease from a 9.5% loss rate in the first 200 procedures at their 
institution. This 4.7% loss rate is unlikely to drop further 
because it approximates the baseline risk for pregnancy loss with 
twins in general. The rates of complete pregnancy loss by starting 
fetal number were 2.1%, 5.1%, 5.5%, and 11% for twins, trip
lets, quadruplets, and quintuplets or more, respectively. All 
patients except two reduced to twins or singletons; complete 
pregnancy loss rates by finishing fetal number were 3.8% for 
singletons and 5.3% for twins.

Although perinatal morbidity and mortality are clearly 
improved when pregnancies with quadruplets or greater 
are reduced to smaller numbers, the obstetric and perinatal 
advantages o f reducing triplets to twins remain debatable. A

2006 meta-analysis attempted to answer this question. " The 
authors collected 893 pregnancies beginning as triplets, of which 
411 were expectantly managed and 482 underwent M PR to 
twins. The rate of pregnancy loss before 24 weeks was higher in 
the M PR group (8.1% vs. 4.4% ; P  = .036). However, this risk 
was offset by a lower risk for delivery between 24 and 32 weeks 
in the M PR group (10.4% vs. 26.7% ; P  < .0001). The authors 
calculated that 7 reductions are needed to prevent one delivery 
before 32 weeks, and that 26 reductions would result in one loss 
before 24 weeks. Thus reducing triplets to twins may be associ
ated with overall improvements in outcome. Since this meta
analysis, several other papers that reported outcomes in triplets 
reduced to twins have been published. A 2014 retrospective 
cohort study from the Netherlands compared 86 women 
with trichorionic triplets reduced to twins with 44 women with 
ongoing trichorionic triplet pregnancies and 824 women with 
conceived dichorionic twins. The study found that the median 
gestational age at delivery for reduced twins was 3 weeks longer 
than for triplets and 1 week shorter than for primarily conceived 
twins (36.1 weeks vs. 33.3 weeks vs. 37.1 weeks; P  < .001). A 
significant difference was also found in birthweight (2217 g, 
1700 g, and 2422 g in reduced twins, triplets, and primary 
twins, respectively; P< .001). However, no difference in survival 
was reported. In addition, no statistically significant reduction 
was noted in delivery prior to 24 weeks or prior to 32 weeks in 
the reduced twins compared with the trip lets.'1 Another 2014 
paper from Iran reported on 115 ART-conceived triplet preg
nancies. O f those 115 triplet pregnancies, 57 were reduced to 
twins and 58 were not. The reduced pregnancies had a lower 
risk of preterm labor, higher birthweights, more advanced 
gestational age at delivery (35.1 vs. 32.4 weeks; P  = .002), and 
lower rates of neonatal intensive care unit (NICU) admission. 
Additionally, they reported lower perinatal mortality in the 
reduced pregnancies (6% vs. 17.6%; P  = .007).2“ O f course, 
it must be considered that inherent in a reduction procedure 
from triplets to twins is a one-third mortality rate. Offering the 
option of a multifetal reduction procedure to patients carrying 
triplets is medically reasonable, but whether this is perceived as 
a valuable option by the patient will depend on many factors, 
including the family’s social, financial, ethical, and religious 
considerations.

Discordance for Anomalies
W hen an anomaly is detected in a twin gestation, even in an 
MZ set, the co-twin is usually normal. The diagnosis of discor
dance for a major anatomic abnormality places the parents 
in an extremely difficult position. Management choices include
(1) expectant management of both fetuses, (2) termination of 
the entire pregnancy, or (3) selective termination of the anoma
lous fetus.

Several issues should be considered when counseling patients 
about the management of a multiple pregnancy complicated by 
discordant anomalies. These include (1) severity of the anomaly 
and certainty of diagnosis, (2) likelihood of survival or intact 
survival of the anomalous twin, (3) chorionicity, (4) effect of the 
anomalous fetus on the remaining fetus or fetuses, and (5) the 
parents’ ethical beliefs. It is important to counsel patients if 
expectant management could result in adverse outcomes for the 
healthy twin. In dichorionic twins, the main issue is whether the 
presence of an anomalous co-twin is associated with a signifi
cantly increased risk of preterm delivery (e.g., an anomaly with 
polyhydramnios). For monochorionic twins, the issues are more
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complex. In addition to the possibility of preterm birth (PTB) 
associated with the presence of an anomalous co-twin, intrauter
ine fetal death (IUFD) of the anomalous fetus clearly has direct 
implications for the normal co-twin. As discussed elsewhere in 
this chapter, IUFD of one twin in a monochorionic pair is 
associated with a high rate of death or neurologic impairment 
of the co-twin.

Regarding the risk of PTB, the data are conflicting. Several 
papers have shown an increased risk of preterm delivery com
pared with twins in which neither fetus has a major structural 
anomaly.23'25 A 2009 population-based study using the 1995 
through 1997 United States Matched Multiple Births dataset 
compared more than 3000 normal co-twins of fetuses with 
nonchromosomal structural anomalies with more than 12,000 
control twins unaffected by structural anomalies. They found 
higher rates of PTB (both <37 and <32 weeks), LBW, and 
perinatal mortality in the normal co-twins of affected fetuses. 
However, the differences in mean gestational age at delivery and 
mean birthweight, although statistically significant, were small 
(35.0 vs. 35.8 weeks, P< .0001, and 2265 vs. 2417 g, P< .0001, 
respectively).26 A recent smaller paper did not find an increased 
risk of preterm delivery in twin pregnancies complicated by a 
major anomaly in one fetus. Harper and colleagues2 compared 
66 twin pregnancies discordant for anomalies with 1911 struc
turally normal twin pregnancies and found no difference in 
median gestational age at delivery (36.0 vs. 35.7 weeks for 
normal vs. anomalous pregnancies, respectively; P — .43).

Some papers have shown a small increased risk of perinatal 
mortality in normal co-twins of anomalous fetuses.24,26 However, 
it should be noted that one of these papers did not have infor
mation on chorionicity, and several of the deaths in the other 
paper were in monochorionic sets. Consequently, the evidence 
for an increased risk o f perinatal mortality in dichorionic 
pregnancies discordant for major anomalies is inconclusive. 
Other studies, even one of the papers that demonstrated a higher 
risk of preterm delivery, have not detected any differences in 
perinatal mortality or neonatal outcomes other than hospital 
length of stay.23

Selective Termination
Although multiple techniques have been used to effect selective 
termination (ST) of a single fetus in a multiple gestation, the 
most common approach in dichorionic gestations is intracardiac 
injection of potassium chloride.

Evans and collegues28 reported the outcomes of 402 ST pro
cedures in dichorionic twins from eight centers in four countries 
using ultrasound-guided intracardiac injection of potassium 
chloride. They reported successful ST in 100% of cases and 
delivery of one or more viable infants in more than 90% of cases. 
The complete pregnancy loss rate prior to 24 weeks was 7.1% , 
and no cases of disseminated intravascular coagulation (DIC) or 
serious maternal complications were reported.

In monochorionic twins, ST is far more challenging. 
Ablation o f the umbilical cord o f the anomalous fetus is 
needed to avoid back-bleeding through communicating 
vessels, which may precipitate death or neurologic injury in 
the remaining normal co-twin. Selective termination by cord 
occlusion can be considered in several circumstances involving 
monochorionic multiple gestations. These include:

1. Severely discordant anomalies
2. Severely discordant growth with high risk for IUFD at 

previable or periviable gestational ages

3. Twin reversed arterial perfusion (TRAP) sequence
4. Severe TTTS with associated discordant anomaly or in 

cases in which laser ablation was precluded by position of 
the fetus and placenta

Each of the above indications is discussed in more detail in 
the corresponding sections of this chapter.

Bipolar coagulation of the umbilical cord is probably the most 
commonly used technique, although radiofrequency ablation 
(RFA), laser coagulation, and ligation of the cord have also been 
successful. The site for port insertion is chosen according to the 
position of the placenta and the amniotic sac of the target fetus 
and its umbilical cord. Preferentially, the other sac is avoided. 
Sometimes amnioinfusion is necessary to expand the target sac.

Pregnancy outcomes for the surviving co-twin are relatively 
favorable after selective cord occlusion. Rossi and D’A ddario '1 
published a review of the literature regarding umbilical cord 
occlusion in complicated monochorionic twin pregnancies. 
They evaluated 12 studies that comprised 345 cases of cord 
occlusion at median gestational ages between 18 and 24 weeks. 
The overall survival rate for the remaining twin was 79% and 
was higher for cases after 18 weeks (89%) than for those under
going the procedure earlier than 18 weeks (69%) regardless of 
the indication. Survival rates were 86% after RFA, 82% after 
bipolar cord coagulation, 72% after laser, and 70% after cord 
ligation. Long-term follow-up was not available for most studies. 
However, in one series, the incidence of developmental delay 
was 8% in 67 infants older than 1 year who underwent evalua
tion by a pediatrician.30

Intrauterine Fetal Demise of One Twin
Intrauterine fetal demise of one twin occurs most commonly 
during the first trimester. This phenomenon is known as a van
ishing twin  and was discussed earlier in this chapter. Although 
it can be associated with vaginal spotting, the loss of one con
ceptus early in the first trimester is often not clinically recog
nized, and the prognosis for the surviving twin is generally 
excellent. IUFD o f one fetus in a multiple gestation in the 
second or third trimester is much less common and compli
cates about 2.4%  to 6.8%  o f twin pregnancies, but it can have 
more severe sequelae for the surviving fetus. In triplet preg
nancies, studies have reported single IUFD rates between 4.3% 
and 17%.

The etiology of IUFD in a multiple pregnancy may be similar 
to that for singletons or may be unique to the twinning process. 
Death in utero may be caused by conditions that affect only the 
demised twin, such as chromosomal or structural abnormalities, 
or by more global conditions such as maternal diseases, which 
put the entire pregnancy at risk. In diamniotic monochorionic 
pregnancies, IUFD may result from complications of TTTS or 
twin anemia-polycythemia sequence (TAPS), whereas cord 
entanglement is a major contributor to IUFD in monoamniotic 
monochorionic twins. Just as in singletons, however, the etiology 
of many IUFDs remains elusive.

Single IUFD in a twin gestation puts the surviving twin 
in jeopardy. In twin pregnancies complicated by demise of one 
twin, intrauterine death of the co-twin is reported in 12% to 
15% of monochorionic gestations and in 3% to 4% of dichori
onic gestations.31,32 In a 2006 meta-analysis by Ong and associ
ates31 of twin pregnancies complicated by a single IUFD, preterm 
delivery occurred in 68% of monochorionic twins and in 57% 
of dichorionic twins, figures that include both spontaneous and 
iatrogenic preterm delivery. A more recent meta-analysis in 2011
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by Hillman and colleagues32 found strikingly similar rates of 
PTB: 68% for monochorionic and 54% for dichorionic twins. 
In the Hillman meta-analysis, overall PTB rates did not differ 
statistically by chorionicity except in the subgroup, in which 
IUFD occurred between 28 and 33 weeks. In this subgroup, 
preterm delivery was nearly 5 times more common in mono
chorionic compared with dichorionic twins (OR, 4.96; 95% C l,
1.6 to 15.8). The authors speculate that this difference may relate 
to iatrogenic delivery as a result of clinician concern for co-twin 
demise in monochorionic pregnancies. Neither of these meta
analyses had a control group of twins with two survivors. 
However, the reported percentages for PTB in the IUFD preg
nancies are not markedly different than the 58.8% risk of 
preterm delivery reported by national vital statistics data for all 
twin pregnancies.10 That said, some studies have shown an 
increased risk of PTB in twin pregnancies complicated by a 
single IUFD.33

Surviving co-twins o f pregnancies complicated by a single 
IUFD are also at risk for brain injury. Pharoah and A d i'1 
reported on a large cohort of all registered twin births in England 
and Wales between 1993 and 1995 and found a 20% risk of 
cerebral impairment in the surviving twins. That paper provided 
information on gender but not chorionicity or zygosity. The 
meta-analysis by Hillman and colleagues32 reported the rate of 
abnormal postnatal (<4 weeks of delivery) cranial imaging and 
neurodevelopmental impairment after a single fetal death. 
Abnormal cranial imaging was found in 34% of monochorionic 
twins compared with 16% of dichorionic twins (not significant 
with OR 3.25; 95% C l, 0.66 to 16.10). Neurodevelopmental 
impairment followed single fetal death in 26% versus 2% for 
monochorionic and dichorionic twins, respectively (OR, 4.81; 
95% C l, 1.4 to 16.6).

Multicystic encephalomalacia is believed to be a precursor to 
infant and childhood cerebral impairment in many cases; it 
results in cystic lesions within the cerebral white matter dis
tributed in areas supplied by the anterior and middle cere
bral arteries, and it is associated with profound neurologic 
handicap (Fig. 32-6). Patients with monochorionic placenta
tion should thus be counseled about the risk of developing this 
condition and the resultant cerebral palsy or other serious neu
rodevelopmental handicap in the surviving twin. Ultrasound 
examination of the fetal brain may be suggestive of multicystic 
encephalomalacia but is not always definitive. Antenatal mag
netic resonance imaging (MRI) of the fetal brain may also be 
useful in its detection. We currently offer fetal MRI to all 
patients with monochorionic placentae approximately 2 to 3 
weeks after the demise of one fetus has been detected. If a 
normal MRI does not definitively rule out brain abnormalities, 
it is a very positive prognostic finding.

The most widely accepted hypothesis as to the cause of 
neurologic injury in surviving co-twins in a monochorionic 
pregnancy is that significant hypotension occurs at the time 
o f the demise. After death of the first twin, the resulting low 
pressure in that twins circulatory system causes blood from the 
survivor to rapidly back-bleed into the dead twin through pla
cental anastomoses. If the resulting hypotension is severe, the 
surviving twin is at risk for both demise and ischemic damage 
to vital organs. The brain is at particular risk because of its high 
oxygen requirements. It should be stressed that, because the 
injury is coincident with the IUFD, rapid delivery of the co-twin 
following single IUFD in a monochorionic pregnancy will not 
improve the outcome.

FIG 32-6 Ultrasound of the fetal brain of a monochorionic twin before 
(A) and after (B, C) intrauterine fetal death of the co-twin at 20 weeks' 
gestation. Note the normal brain anatomy in A, the dilation and cystic 
changes shortly after the co-twin's demise in B, and the residual 
irregular hydrocephalus and parenchymal loss 12 weeks later in C. 
B, twin B; NF, nuchal fold.

Until relatively recently, it was thought that intrauterine 
demise in a monochorionic twin gestation would not cause 
neurologic in jury to its co-twin until at least the mid second 
trimester. However, in 2003, Weiss and coworkers35 reported a 
case of in jury to a fetus after IUFD of the co-twin at about 13 
weeks. Multicystic encephalomalacia was diagnosed by ultra
sound and MRI in the co-twin at 20 weeks. The patient was 
counseled regarding the likelihood of a poor prognosis and 
opted for termination. Multicystic encephalomalacia was con
firmed pathologically, although the exact tim ing of the injury 
could not be determined.
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Other maternal risks exist with single IUFD in a multifetal 
gestation. Cesarean delivery appears to be increased in these 
patients, often because o f nonreassuring fetal status o f the 
surviving twin. However, other adverse maternal outcomes 
such as hemorrhage, infection, and coagulopathy have not been 
found to be increased in twin mothers with a single IUFD.33 It 
was originally estimated that the incidence of maternal DIC was 
25% when a dead fetus was retained in a multiple gestation. 
However, only a few isolated cases of laboratory changes consis
tent with a subclinical coagulopathy have been reported under 
these circumstances. The estimated 25% incidence is certainly a 
gross overestimation. It is also reassuring to note that no cases 
of clinically significant coagulopathy have been reported in the 
extensive literature on selective termination and multifetal preg
nancy reduction.

The optimal management for a single IUFD in multiple gesta
tions is not well established, and recommendations are based 
mainly on expert opinion. Clinical management depends on 
the gestational age, maternal status, or detection o f in utero 
compromise o f the surviving fetus or fetuses. The goal is to 
optimize the outcome for the survivor while also avoiding 
unnecessary prematurity. Serial sonographic assessment of the 
surviving co-twin’s growth is indicated, as is antenatal testing. 
However, when to initiate antenatal testing and the frequency 
of testing depends on clinical factors such as gestational age at 
the time of the IUFD.

The 2011 National Institute of Child Health and Human 
Development (NICHD) and Society for Maternal-Fetal Medi
cine (SMFM) workshop on timing of indicated late-preterm and 
early-term birth addressed the issue of a single IUFD in a twin 
pregnancy. If the IUFD occurs at 34 weeks or beyond, delivery 
should be considered.36 In the 2014 Practice Bulletin on M ulti
fetal Gestation, the American College of Obstetricians and 
Gynecologists (ACOG) gives a similar recommendation, stating 
that in the absence of other indications, a single IUFD in a twin 
pregnancy before 34 weeks should not prompt immediate deliv
ery.1 In the authors’ practices, a single IUFD in a monocho
rionic diamniotic pregnancy at or after 34 weeks would be 
an indication for delivery. In a dichorionic pregnancy, delivery 
timing would be individualized based on the likely cause of the 
IUFD, the appropriateness of fetal growth, and fetal testing of 
the surviving co-twin.

Vaginal delivery is not contraindicated, and cesarean delivery 
is reserved for routine obstetric indications. Autopsy should be 
offered for the stillborn fetus but may not be helpful if  the 
demise occurred several weeks earlier. Pathologic examination of 
the placenta is also recommended. In addition, the pregnancy 
history should be communicated to the pediatricians caring for 
the neonate.

Twin-Twin Transfusion Syndrome 
Etiology
Twin-twin transfusion syndrome is exclusively a complica
tion o f monochorionic multifetal pregnancies. It occurs in 
10% to 15%  o f monochorionic diamniotic gestations and is 
thus the most common life-threatening complication specific 
to this type o f twinning. TTTS is characterized by an imbal
ance of fetal blood flow through communicating vessels across 
a shared placenta, which leads to underperfusion o f the donor 
twin and overperfusion o f the recipient (Fig. 32-7). The 
donor twin develops oligohydramnios, and i f  it is chronic, 
intrauterine growth restriction (IUGR) ensues; the recipient

twin experiences volume overload, which results in polyhy
dramnios that leads to uterine overdistension and increased 
intrauterine pressure, both of which may contribute to an 
increased risk for preterm labor and preterm premature rupture 
of the membranes (PPROM). On fetal echocardiography, the 
recipient demonstrates decreased ventricular function, tricuspid 
regurgitation, and cardiomegaly. Over time, recipient twins can 
develop functional right ventricular outflow tract obstruction 
and pulmonic stenosis. These cardiac abnormalities often prog
ress during pregnancy and persist into the neonatal period.

TTTS can present at any gestational age, but earlier onset 
is associated with a poorer prognosis. If untreated, the reported 
mortality rates can range from 80% to 100%. Furthermore, if  
one fetus dies in utero, the surviving twin is at risk for death or 
multiorgan ischemia from acute exsanguination due to back- 
bleeding into the circulation of the dead co-twin.

All monochorionic twins share vascular anastomoses and thus 
exist in a state of constant intertwin transfusion. As noted earlier, 
however, only a minority develop clinical TTTS. The following 
pathophysiology has been proposed to explain this observation. 
In monochorionic placentae, three types of vascular communi
cation are possible: (1) arteriovenous (AV), (2) arterioarterial 
(AA), and (3) venovenous (W ) . AA and W  anastomoses are 
usually superficial bidirectional anastomoses on the surface of 
the chorionic plate; however, AV anastomoses— referred to 
as deep anastomoses—involve a shared cotyledon, which 
receives arterial supply from one twin and drains on the 
venous side to the other twin. All these anastomoses are iden
tifiable at the chorionic surface. Superficial anastomoses, espe
cially those that are AA, are crucial for maintaining bidirectional 
flow. According to this hypothesis, an inadequacy of superficial 
AA and W  anastomoses, which help maintain balanced blood 
flow, allows TTTS to manifest due to an imbalance of deep AV 
anastomoses.

Diagnosis and Staging
The antenatal diagnosis o f TTTS is made by ultrasound. 
The two classic criteria are monochorionic diamniotic twin 
gestation and oligohydramnios (deepest vertical pocket [DVP] 
<2 cm) in one amniotic sac and polyhydramnios (DVP 
>8 cm) in the other sac. A staging system for TTTS (Table
32-5) was developed in 1999 by Quintero and colleagues38 to 
categorize disease severity and to standardize comparison of dif
ferent treatment approaches. Although the Quintero staging is 
widely used and has proved enormously useful in our under
standing o f TTTS, many experts have noted its limitations. 
The stage does not always progress; and when patients worsen,

TABLE 32-5 QUINTERO STAGING FOR TW IN-TWIN  
TRANSFUSION SYNDROME

Stage I Oligohydramnios, polyhydramnios sequence. Donor twin 
bladder visible.

Stage II Oligohydramnios, polyhydramnios sequence. Donor twin 
bladder not visible. Doppler scan normal.

Stage III Oligohydramnios, polyhydramnios sequence. Donor twin 
bladder not visible, and Doppler scans abnormal (absent 
or reversed end-diastolic velocity in the umbilical artery, 
reversed flow in the ductus venosus, or pulsatile flow in 
the umbilical vein).

Stage IV One or both fetuses have hydrops.
Stage V One or both fetuses have died.
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716 Section V Complicated Pregnancy

FIG 32-7 A, The placenta of a pregnancy complicated by twin-twin transfusion syndrome. Milk has been injected into an artery on the donor 
side of the placenta (black arrow). It can be seen returning through the venous circulation on that side but is also evident in the venous circula
tion of the recipient twin (white arrow). B, The arteriovenous shunt shown in A.

they do not always progress sequentially through the stages. For 
instance, a pregnancy can become stage 5 (fetal death) without 
progressing through stage 4 (hydrops); and an atypical stage III 
TTTS has been described with Doppler abnormalities but with 
a bladder still visible in the donor. Modifications of Quintero 
staging have been proposed that incorporate the differences in 
cardiovascular pathophysiology between donors and recipients. 
None of these proposed staging alternatives, however, has been 
validated in prospective studies.

TTTS most commonly presents between 15 and 26 weeks’ 
gestation. Intensive ultrasound surveillance should be performed 
during this period to allow a timely diagnosis. Because an ultra
sound interval of more than 14 days has been associated with a 
higher stage of TTTS at diagnosis,39 both ACOG and SMFM 
endorse an every-2-week ultrasound surveillance schedule for 
monochorionic diamniotic twins starting around 16 weeks.37,40

Management
When TTTS is diagnosed, five management options are 
available: (1) expectant management, (2) septostomy, (3) 
serial amnioreduction, (4) selective termination/cord occlu
sion, and (5) fetoscopic laser photocoagulation. Selective ter
mination is only offered in extreme cases of advanced TTTS. 
Expectant management is generally not recommended in stage 
II or greater TTTS because of the poor perinatal outcomes 
associated with the disorder if  untreated. However, manage
ment depends on the gestational age at diagnosis and, despite 
the previously mentioned limitations o f the Quintero staging 
system, on the severity o f the clinical findings.

SEPTOSTOMY
Septostomy involves intentional perforation o f the dividing 
membrane, usually performed with a 20- or 22-gauge needle
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under ultrasound guidance. This procedure can, in theory, 
equalize amniotic fluid volumes (AFVs) between amniotic sacs. 
The only randomized trial involving this technique compared 
septostomy with amnioreduction for the treatment of TTTS. 
The study was terminated early after enrollment of 73 women 
because the rate of survival of at least one infant was similar in 
both groups (78% vs. 80%; P=  .82). The major advantage seen 
with septostomy was that women randomized to the septostomy 
group were more likely to require only a single procedure for 
treatment (64% vs. 46%; P = .04).41 Because septostomy could 
functionally create an iatrogenic monoamniotic pregnancy with 
its own inherent risks, the procedure has been criticized and 
infrequently recommended as a therapeutic option for TTTS.

SERIAL AMNIOREDUCTION
In serial reduction amniocentesis, a needle is placed into the 
polyhydramniotic sac under ultrasound guidance. Amniotic 
fluid is withdrawn until the fluid volume normalizes (i.e., 
DVP <8 cm). Because of the large amount of fluid to be 
removed, attaching the needle to a closed-system vacuum con
tainer is more practical than withdrawing fluid manually. Amni
oreduction is repeated as often as necessary to maintain a normal 
or near-normal AFV. The mechanism by which this procedure 
restores the amniotic fluid balance is unknown. Removing exces
sive fluid from the sac with polyhydramnios may result in 
decreased intraamniotic pressure that in turn may result in 
increased placental perfusion to the twin with oligohydramnios, 
especially through thin-walled superficial venous anastomoses 
with secondary improvement in its AFV. Additionally, normal
izing the AFV may help prolong pregnancy by relieving uterine 
overdistension and pressure on the cervix.

Although no prospective studies are available with which to 
compare serial amnioreduction with conservative management, 
based on observational data, amnioreduction appears to 
offer a twofold to threefold increase in overall survival com
pared with no intervention. The exception may be late-onset 
(third-trimester) stage I TTTS that remains stable over a 1- to 
2-week observation period. A large retrospective cohort study 
using the International Amnioreduction Registry to analyze 223 
sets of twins with TTTS diagnosed prior to 28 weeks’ gestation 
and treated with serial amnioreduction found a live birth rate of 
78%, and 60% were alive 4 weeks after birth. IUFD of at least 
one twin occurred in 31% of the pregnancies. In 14% of cases, 
IUFD of both babies occurred. O f those babies alive 4 weeks 
after birth, 24% of the recipients and 25% of the donors had 
abnormal findings on cranial imaging. Poor prognostic factors 
for survival were earlier gestational age at diagnosis, no end- 
diastolic flow in the umbilical arteries, hydrops, LBW, and 
earlier gestational age at delivery. Complications w ithin 48 hours 
of the procedure (spontaneous rupture of the membranes, spon
taneous delivery, fetal distress, fetal death, and placental abrup
tion) occurred in 15% of patients.4"

LASER THERAPY
Laser ablation o f placental anastomoses is the favored treat
ment option for early-onset TTTS (Fig. 32-8). In the United 
States, the use of laser photocoagulation to treat TTTS is 
restricted to gestations earlier than 26 weeks. Unlike both serial 
amnioreduction and septostomy, which are considered pal
liative procedures, laser ablation is the only therapeutic 
option that corrects the underlying pathophysiologic aber
ration that causes TTTS. Additionally, because laser ablation

FIG 32-8 A, An artery from one twin going to a cotyledon, which is 
drained by a vein returning to the co-twin (black arroWi. The cotyledon 
is also perfused by a small artery from the co-twin (white arroW) and 
is drained by a large vein going also to the co-twin. To preserve this 
cotyledon for the co-twin, the arterial perfusion to the cotyledon from 
the other twin is interrupted by laser photocoagulation of the other 
artery. B, The effect of photocoagulation. (Courtesy Timothy M Crom- 
bleholme, MD, University of Cincinnati College of Medicine.)

interrupts the vascular anastomoses between the fetuses, it has 
the advantage of being protective of the surviving twin should 
one twin succumb in utero.

In this procedure, first described by De Lia, the strategy is to 
ablate all anastomosing vessels that might connect the fetuses. 
The procedure is performed percutaneously under local or 
regional anesthesia. An endoscopic cannula is inserted into the 
amniotic cavity of the recipient fetus under ultrasound guidance 
at an angle perpendicular to the presumed vascular equator. The 
positions of the fetuses, umbilical cord insertions, and placenta 
are mapped. The operator visualizes the entire vascular equator 
and coagulates all visible anastomoses. Arteries are distinguish
able from veins because they have a darker color and pass over 
the larger veins. Reduction amniocentesis is usually simultane
ously performed. When the placenta is anterior, operative

ak
us

he
r-li

b.r
u



718 Section V Complicated Pregnancy

conditions are more difficult. Special instruments have been 
developed that include curved sheaths, flexible endoscopes, and 
a double-insertion technique. Most centers hospitalize patients 
for 1 or 2 postoperative days, and many experts use perioperative 
tocolytics and antibiotics.

OUTCOMES AFTER LASER THERAPY 
In 2004, Senat and colleagues43 published the results of the 
Eurofetus trial, a prospective multicenter randomized controlled 
trial (RCT) of endoscopic laser (semiselective technique) versus 
serial amnioreduction for the treatment of severe T FTS between
15 and 26 weeks’ gestation. Following an interim analysis, 
the study was stopped after 142 patients had been treated. 
Compared with the amnioreduction group, the laser group 
had a higher likelihood o f survival for at least one twin 
to 28 days o f life (76% vs. 56%; P  = .009) and 6 months of 
age (76% vs. 51%; P  = .002). The median gestational age at 
delivery was significantly more advanced in the laser group (33.3 
vs. 29.0 weeks; P  = .004). Neonates from the laser group also 
had a lower incidence of periventricular leukomalacia (PVL) and 
were more likely to be free of neurologic deficits at 6 months of 
age (52% vs. 31%; P  = .003). The authors concluded that 
endoscopic laser coagulation o f anastomoses is a more effec
tive first-line treatment than serial amnioreduction for severe 
TTTS diagnosed before 26 weeks’ gestation. Although this 
study did include patients in all Quintero stages, most (90% of 
the laser group and 91% of the amnioreduction group) were 
stage II or III.

An NICHD-sponsored prospective multicenter trial is the 
only other randomized clinical trial to compare amnioreduction 
to fetoscopic laser photocoagulation.44 That trial, in which all 
patients were Quintero stages II to IV, was stopped early after 
only 40 patients accrued, mainly because of recruitment difficul
ties but also because of concern about a trend toward more 
adverse fetal outcomes affecting the recipient twin in the laser 
arm. Analysis of the 40 patients showed no difference, either for 
donors or recipients, in the primary outcome of 30-day neonatal 
survival (55% in both arms for donors and 45% vs. 30% in 
the amnioreduction vs. laser arms for recipients; P > .5). The 
increased fe ta l  mortality rate among recipients in the laser group 
was more pronounced in Quintero stage III and IV disease. The 
investigators concluded that the trial did not conclusively dem
onstrate the superiority of either treatment modality, although 
the results were severely limited by the small sample size.

Subsequently, both a Cochrane review and another meta
analysis that compared laser therapy with serial amnioreduc
tion supported the use o f endoscopic laser therapy in the 
treatment o f severe TTTS. In the Cochrane review, at age 6 
years, more children were alive without neurologic abnormality 
in the laser groups than in the amnioreduction groups (RR,
1.57; 95% C l, 1.05 to 2.34). However, no difference was appar
ent in overall death between amnioreduction and laser (RR, 
0.87; 95% C l, 0.55 to 1.38).45 The meta-analysis by Rossi and 
D’Addario46 found improved overall survival (OR, 2.04; 95% 
C l, 1.52 to 2.76), decreased neonatal death (OR, 0.24; 95% C l,
0.15 to 0.4), and decreased neurologic morbidity (OR, 0.2; 95% 
C l, 0.12 to 0.33) with laser therapy compared with serial 
amnioreduction.

Short-term complications o f laser ablation include placen
tal abruption, PPROM, IUFD, and labor. In the Eurofetus 
trial, a 1% to 12% risk was reported for each of these complica
tions in both the laser and amnioreduction groups. Rates of

IUFD, pregnancy loss, and PPROM within 7 days of the pro
cedure were 1.5- to 5-fold higher in the laser group, although 
these differences did not reach statistical significance.43 In the 
NICHD trial,44 the incidence of PPROM before 28 weeks was 
4.8% in the laser arm and 0% in the amnioreduction arm. 
Maternal complications are not consistently reported in the 
literature; however, no maternal deaths have been reported in 
all of the TTTS laser therapy literature, and serious complica
tions such as pulmonary edema or blood transfusion appear to 
be very rare.

A few investigations have studied the long-term neurologic 
outcomes of babies treated in utero with laser ablation. Rossi 
and colleagues47 performed a meta-analysis of 15 papers that 
described neurologic outcomes in children who underwent laser 
photocoagulation for TTTS. For those seven papers that reported 
neurologic morbidity at birth (n — 895 babies), the incidence 
was 6.1% . For the nine studies that reported follow-up at 6 to 
48 months (n = 1255 babies), the incidence of neurologic 
impairment was 11.1%, and cerebral palsy was the most fre
quent neurologic diagnosis (39.7% ). Neurologic impairment 
was identified equally between donors and recipients and 
between one survivor and two survivors for twin sets. Since 
publication of this meta-analysis, a long-term follow-up from 
the Eurofetus trial has been published.48 This paper showed 
some improvement in neurologic outcome at age 6 years among 
73 children who had undergone laser treatment compared 
with 47 children who had undergone amnioreduction. The sur
vivors in the laser group had an 82% chance of a normal neu
rologic exam, compared with 72% in the amnioreduction group 
(P = .12). No difference was reported in neurologic outcomes 
between donors and recipients.

The current consensus is that laser ablation o f vascular 
anastomoses is the optimal therapy for Quintero stage II to 
IV disease before 26 weeks’ gestation. However, controversy 
exists as to the optimal management of stage I disease. This 
controversy is based on several observations. First, the prognosis 
for stage I patients can be quite good without laser surgery. In 
a series by Taylor and colleagues,49 70% of stage I patients 
treated with either expectant management, amnioreduction, or 
septostomy remained stable or regressed. O ’Donoghue and col
leagues50 reviewed all cases of TTTS at their institution between 
2000 and 2006 and identified 46 cases that presented with stage
I TTTS, all of which were treated either expectantly or with 
amnioreduction. They found that 70% either remained stable 
or regressed. Rossi and D’Addario51 published a review of the 
literature that included only stage I TTTS. They reported overall 
survival rates of 77% after amnioreduction, 85% after laser 
therapy, and 86% after expectant management. The progression 
to a more advanced stage was 15% for those pregnancies 
managed expectantly.

On the other hand, recent studies have shown that even in 
stage I and II TTTS, the recipient can suffer cardiac dysfunction, 
something not taken into account by the commonly used Quin
tero staging system. Michelfelder and associates52 examined 
echocardiographic parameters of 42 TTTS patients, of whom
14 were stage I. Of the stage I patients, 57% had ventricular 
hypertrophy and 14% had atrioventricular valve dysfunction. 
Because it has been shown that cardiac dysfunction in the recipi
ent improves after laser therapy but not after amnioreduction, 
this suggests that laser therapy may be the better choice in select 
patients who present with Quintero stage I TTTS. A single 
retrospective cohort study53 published in 2009 directly
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compared outcomes in stage I patients treated with laser surgery 
versus expectant management. O f 50 women who presented 
with stage I TTTS, 40% underwent laser surgery and 60% were 
managed either expectantly, or, if  maternal symptoms were 
present, with amnioreduction. Although short-term outcomes 
(gestational age at delivery and perinatal survival) were not sig
nificantly different between the two treatment groups, long-term 
neurodevelopmental impairment as determined by neurologic 
examination and neuropsychological developmental testing at a 
minimum of 2 years of age was decreased in the laser group 
(0/21 vs. 7/30; P  = .03). This study raises the question as to 
whether ongoing neurologic in jury is present from mild TTTS 
even if  the disease does not progress and whether this damage 
could be prevented by interrupting the underlying pathophysiol
ogy of TTTS using laser ablation.

In summary, laser photocoagulation is considered optimal 
management o f stage II and greater TTTS prior to 26 weeks’ 
gestation. For stage I disease, pending further study, expectant 
management is reasonable; but some centers offer laser therapy 
to these women, especially when diagnosis is made in the early 
second trimester or when evidence of cardiac dysfunction is 
present. For women diagnosed with TTTS after 26 weeks, either 
expectant management or serial amnioreduction are recom
mended, and management decisions should be based on severity 
of disease. It is important to remember that even with optimal 
laser treatment o f TTTS, it remains a serious disease with 
20% to 50% overall perinatal mortality.4"

SELECTIVE INTRAUTERINE GROWTH 
RESTRICTION IN MONOCHORIONIC 
TWIN PREGNANCIES
Selective IUGR (sIUGR) is defined as growth restriction, 
most commonly an estimated fetal weight below the 10th  
percentile o f one twin with appropriate growth in the co-twin 
but without full criteria for TTTS. This condition has been 
reported in 10% to 15% of monochorionic diamniotic gesta
tions and frequently presents at relatively early gestational ages, 
although sIUGR can also occur in dichorionic pregnancies. 
However, the course of early-onset sIUGR in a monochorionic 
pregnancy differs from early-onset IUGR in a singleton or 
dichorionic twin gestation. Umbilical artery (UA) Doppler find
ings cannot be interpreted in the same way as in singleton or 
dichorionic gestations because the waveforms represent not only 
the effects of placental insufficiency but also the influence of 
intertwin vascular communications. Usually the latency period 
is longer from abnormal Dopplers to delivery in monochorionic 
twins. Additionally, the initial UA Doppler findings (stage of 
sIUGR, see below) usually remain unchanged; that is, if  Dop
plers are initially normal, they rarely worsen, and a good prog
nosis is likely. In monochorionic compared with dichorionic 
twins, sIUGR is also associated with a higher frequency of 
abnormalities such as a two-vessel cord and marginal or vela
mentous cord insertions.

Gratacos and associates54 have proposed a classification 
system for sIUGR based on UA Doppler findings. Type I is 
characterized by positive diastolic flow in the growth-restricted 
fetus, type II by persistently absent or reversed end-diastolic 
flow, and type III by intermittently absent or reversed end- 
diastolic flow. The cyclical pattern of intermittently abnormal 
Doppler flow is believed to be caused by transmitted waveforms 
from the larger to the smaller twin’s cord due to the existence of

large AA anastomoses. Pregnancies with type III sIUGR are 
reported to have both more frequent, as well as larger diameter, 
AA anastomoses than either uncomplicated monochorionic twin 
pregnancies or pregnancies with type I or II sIUGR.54 Based on 
the type I through III classification system, Gratacos and associ
ates54 reported on 134 monochorionic diamniotic pregnancies 
complicated by sIUGR diagnosed before 26 weeks (39 type I, 
30 type II, 65 type III). They reported unexpected IUFD of the 
smaller twin in 2.6%, 0%, and 15.4% of cases of type I, type
II, and type III sIUGR, respectively. The corresponding numbers 
for IUFD of the normally grown twin were 2.6% , 0%, and 
6.2%. Mean gestational ages at delivery for type I, type II, and 
type III sIUGR, were 35.4 weeks, 30.7 weeks, and 31.6 weeks, 
respectively. It should be noted that in 9 cases of type II and 4 
cases of type III sIUGR, cord occlusion of the IUGR twin was 
performed for the benefit of the normally grown twin in the face 
of deterioration of the growth-restricted twin’s status. Conse
quently, the above numbers do not necessarily represent the 
natural history of early-onset type II and III sIUGR in mono
chorionic twins. However, a study from Japan of expectantly 
managed sIUGR cases in monochorionic diamniotic gestations 
does provide some insight into the natural history of the disor
der. Ishii and colleagues55 reported on 23 type I, 27 type II, and 
13 type III sIUGR pregnancies. Mean gestational age at delivery 
was 36 weeks, 28 weeks, and 31 weeks for types I through III, 
respectively. IUFD of the smaller twin occurred in 4.3% , 22.2%, 
and 15.4% of cases, respectively, and in the larger twin in 4.3%, 
22.2% , and 0% of cases, respectively. In the Ishii study, the 
incidence of neurologic morbidity for the larger twin was 0%,
11.1%, and 38.5% for types I through III, respectively. For the 
smaller twin, the corresponding numbers were 4.3% , 14.8%, 
and 23.1%.

As evidenced by the above data, the prognosis for expectantly 
managed type I sIUGR is generally good, so close observation 
is preferred. The prognosis for type II and III sIUGR is much 
more guarded. Three management options are available for 
type II and III early-onset sIUGR in a monochorionic twin 
pregnancy:
1. Careful expectant management with an effort to maximize 

outcome for both twins
2. Cord occlusion of the IUGR twin, thus sacrificing the IUGR 

fetus to protect the larger twin from injury as a result of acute 
intertwin transfusion associated with smaller co-twin demise

3. Laser photocoagulation to physically separate the shared fetal 
circulations to help protect the larger co-twin from injury or 
death in the event of the smaller twin’s demise
Detailed discussion of management options is beyond the 

scope of this chapter. The reader is referred to an excellent review 
article by Valsky and associates.51’

TWIN ANEMIA-POLYCYTHEMIA SEQUENCE
Twin anemia-polycythemia sequence (TAPS) refers to the 
occurrence o f a chronic and severe hemoglobin discordance 
in a monochorionic diamniotic twin pair in the absence 
of other criteria for TTTS. Prenatally, the diagnosis is made 
by middle cerebral artery (MCA) Doppler multiples of the 
median (MoM) of 1.5 or more in one twin and MoM of 0.8 or 
less in the other twin without amniotic fluid discordance that 
meets TTTS criteria. However, some experts have proposed an 
alternative criteria for the anemic twin; specifically, an MCA 
Doppler of MoM of 1.0 or less. Postnatally, criteria for anemia
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720 Section V Complicated Pregnancy

TABLE 32-6 STAGING SYSTEM FOR TWIN  
ANEMIA-POLYCYTHEMIA SEQUENCE

STAGE FINDING

1 Donor MCA-PSV >1.5 MoM and recipient MCA-PSV
<1.0

2 Donor MCA-PSV >1.7 MoM and recipient MCA-PSV
<0.8 MoM without other signs of fetal compromise

3 Stage 1 or 2, with critically abnormal Doppler ultrasound*
4 Hydrops of donor
5 IUFD of one or both fetuses

*Absent or reversed end-diastolic flow in umbilical artery, pulsatile flow in umbilical vein, 
increased pulsatility index or reversed flow in the ductus venosus.
IUFD, intrauterine fetal demise; MCA, middle cerebral artery; MoM, multiples of the 
median; PSV, peak systolic velocity.

and polycythemia are hemoglobin of 11 g/dL or less with reticu- 
locytosis in the donor and hemoglobin of 20 g/dL or more in 
the recipient. A TAPS classification system has been proposed 
that is similar to the Quintero system for TTTS (Table 32-6).r 
Isolated TAPS can occur spontaneously in monochorionic preg
nancies with an observed frequency of 3% to 5%, but it has 
been reported more commonly as a complication of laser pho
tocoagulation for TTTS. Postlaser TAPS has been reported in 
up to 13% of laser-treated TTTS cases.

The cause of TAPS is thought to be the presence of only a 
few, very small AV anastomoses, which allow a slow transfusion 
of blood from the donor to the recipient. AA anastomoses are 
believed to be important in equilibrating the blood flow between 
twins and consequently are seen in 80% of uncomplicated 
monochorionic diamniotic gestations. In contrast, AA anasto
moses are seen in only about 25% of TTTS pregnancies and are 
even more rare (11%) in pregnancies complicated by TAPS. 
Because of the possibility of TAPS, an MCA peak systolic flow 
velocity should be considered in the screening of all monocho
rionic multifetal pregnancies.

Ideal management o f TAPS is not yet clear, but intrauter
ine transfusions—both intraperitoneal and intravenous 
(IV)— and laser treatment have been reported with good 
success. Expectant management is also a reasonable option. 
Regardless of management, survival rates for twins in a preg
nancy complicated by TAPS have been reported to range from 
75% to 100%. In utero intervention is not proven to be associ
ated with clear differences in survival or long-term outcomes. 
Ihe reader is also referred to two excellent reviews on TAPS by 
Slaghekke and coworkersv and by Baschat and Oepkes.18

Monoamniotic Twins
Monoamniotic twinning is an uncommon form o f MZ twin
ning in which both fetuses occupy a single amniotic sac. 
Monoamniotic twins account for only 1% o f all MZ preg
nancies. Interestingly, as in conjoined twins, there is a female 
predominance: 55% to 74% of monoamniotic twin sets are 
reported to be female, although the reason for this difference is 
unclear.59'63 Historically, perinatal mortality rates for mono
amniotic twins have been reported to approach 50%, attrib
uted to premature delivery, growth restriction, and congenital 
anomalies (seen in up to 25% of monoamniotic twin pregnan
cies) but mostly to umbilical cord entanglement and cord 
accidents (Fig. 32-9). Some degree of umbilical cord entangle
ment is present in virtually every monoamniotic twin pregnancy. 
More recent series of prenatally diagnosed cases suggest improved 
perinatal outcomes with mortality rates in the range of 7% to

FIG 32-9 Entangled cords found during emergent cesarean delivery 
in a case of monochorionic monoamniotic twins at 32 weeks. Both 
babies did well.

20%60'64 and as low as 2.4% to 2.8% when fetuses with anoma
lies are excluded.65,66 This improvement is likely due to prena
tal diagnosis, use o f antenatal corticosteroids, increased fetal 
surveillance, and elective early delivery. Because cord acci
dents are the primary cause of fetal death, most management 
protocols emphasize intense fetal surveillance to identify signifi
cant umbilical cord constriction before fetal loss.

Rodis and coworkers64 reviewed 13 cases of monoamnionicity 
at one tertiary care center over a 10-year period. All patients 
underwent serial ultrasound examinations and antenatal fetal 
surveillance two to seven times per week starting between 24 
and 26 weeks’ gestation, and 62% of the pregnancies were 
delivered for abnormal fetal testing. If undelivered earlier, all 
patients were delivered by cesarean delivery by 35 weeks’ gesta
tion. No fetal deaths were reported, and the mean gestational 
age at delivery was 32.9 weeks. Compared with 77 sets of mono
amniotic twins from the literature that had not been diagnosed 
prenatally, these patients had a 71% reduction in the relative 
risk for perinatal mortality.

A more recent study evaluated the impact of routine hospi
talization for fetal monitoring on perinatal survival and neonatal 
morbidity in a multicenter retrospective cohort study of 96 
monoamniotic twin gestations.61 O f 87 women with both twins 
surviving at 24 weeks, 43 patients were admitted electively at a 
median gestational age of 26.5 weeks for inpatient surveillance 
and fetal testing two to three times daily. The remaining 44 
women were followed as outpatients with fetal testing one to 
three times weekly. None of the hospitalized patients experi
enced an IUFD, but 14.8% (13 of 88) of the fetuses of mothers 
followed as outpatients were stillborn. Statistically significant 
improvements in birthweight, gestational age at delivery, and 
neonatal morbidity were also noted among the electively
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hospitalized women. Two other smaller studies67'68 have also 
compared inpatient with outpatient management and have 
found similar results. These studies suggest that improved neo
natal survival and decreased perinatal morbidity are achiev
able with monoamniotic twins admitted electively for daily 
fetal monitoring after viability, and we recommend offering 
hospital admission to all women with monoamniotic twins.

The timing of admission should be the gestational age at 
which the mother would desire delivery for evidence of fetal 
compromise, generally 24 to 28 weeks. We obtain preadmission 
consultation with a neonatologist to discuss complications from 
prematurity at various gestational ages. After admission, we pro- 
phylactically administer antenatal corticosteroids because of the 
possibility of emergent delivery.

Some institutions perform continuous fetal monitoring in 
women electively admitted for monoamniotic twins. In actual 
practice, however, true continuous monitoring is never achiev
able. Quinn and colleagues69 reviewed over 10,000 hours of fetal 
monitoring of monoamniotic twins and found that both fetuses 
were successfully monitored only 51.6% of the time. We do not 
perform continuous monitoring, rather we recommend fetal 
heart rate (FHR) monitoring two or three times per day for
1 to 2 hours. Although cord accidents cannot be predicted, 
FHR monitoring may reveal an increasing frequency of variable 
decelerations. If these are identified, continuous monitoring is 
recommended along with emergency delivery for worsening or 
nonreassuring fetal status. In the absence of nonreassuring fetal 
testing, the timing of elective delivery is not well established by 
prospective data. M ultiple papers over the past 10 years have 
demonstrated a continued risk of sudden IUFD throughout 
gestation. Because of this continuing risk of unexpected fetal 
death, most experts perform elective delivery following the 
administration o f antenatal corticosteroid therapy between
32 and 34 weeks’ gestation. Delivery at 32 to 34 weeks is 
associated with a low risk o f serious neonatal morbidity 
counterbalanced against the unpredictable continuing 
IUFD risk. Van Mieghem and colleagues62 evaluated fetal and 
neonatal outcomes in 193 monoamniotic twin pairs managed

at eight European university hospitals between 2003 and 2012. 
In this study, the overall risk of fetal death was 18.1%, but of 
the 144 gestations with 2 live fetuses at 26 weeks’ gestation, only
8 fetal deaths were reported. They compared the risk of IUFD 
to the risk of neonatal morbidity/mortality and calculated that 
the risk of IUFD exceeded the risk of a nonrespiratory neonatal 
complication at 32 weeks 4 days gestation. These researchers 
concluded that with close fetal surveillance instituted between 
26 and 28 weeks of gestation and delivery at 33 weeks of gesta
tion, the risk of stillbirth—as well as the risk of neonatal death 
or serious complication— is minimized.

The 2011 NICHD and SMFM workshop that addressed 
timing o f indicated late-preterm and early-term birth recom
mended delivery o f monoamniotic twins at 32 to 34 weeks.3'’ 
The 2014 ACOG Practice Bulletin on multifetal gestation 
also acknowledges the limitations of the available evidence on 
management and delivery timing for monoamniotic twin gesta
tions, but it states that delivery between 32 and 34 weeks is 
reasonable.3

Cesarean delivery has been recommended to eliminate the 
risk of intrapartum cord accidents, although vaginal delivery 
of these patients is not entirely contraindicated if careful fetal 
monitoring is performed. On the other hand, there have been 
case reports of a nuchal cord affecting the first twin being cut 
to facilitate delivery, only to discover that the cut cord actu
ally belonged to the second twin. Given this issue and a high 
incidence of intrapartum nonreassuring fetal testing, most 
experts recommend cesarean delivery for monoamniotic twin 
pregnancies.

Twin Reversed Arterial Perfusion Sequence
The TRAP sequence, also known as acardiac twinning, is a 
malformation that occurs only in monochorionic pregnancies 
with a frequency of about 1 per 30,000 deliveries and 1 in 100 
monochorionic twins. An acardiac twin is an extremely mal
formed fetus with either no heart at all or only rudimentary 
cardiac tissue in association with multiple other developmental 
abnormalities (Fig. 32-10). In about one third of acardiac twins,

FIG 32-10 Acardiac twin. (Courtesy Dr. James Wheeler, Department of Surgical Pathology, Hospital of the University of Pennsylvania, 
Philadelphia.)
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the karyotype has been found to be abnormal. A two-vessel cord 
is present in two thirds of acardiac twins, and polyhydramnios 
has been reported in around 70% of cases. The co-twin, referred 
to as the pump twin, is generally normal, although a 9% risk of 
aneuploidy has been reported.70

Patients with TRAP sequence have a monochorionic 
placenta with vascular anastomoses that sustain the life 
of the acardiac twin. The acardiac twin is perfused via direct 
UA-UA anastomosis at the placental surface. Blood flows 
from the normal pump twin’s UAs back to the placenta. Then 
through this UA anastomosis, deoxygenated blood flows directly 
to the acardiac twin without passing through a placental capil
lary bed. In the acardiac twin’s umbilical arteries, flow is thus 
retrograde, creating the TRAP sequence. This poorly oxygen
ated blood preferentially perfuses the acardiac twin’s lower 
body, contributing to the bizarre anomalies seen in acardiac 
fetuses.

Antenatal diagnosis by ultrasound of an acardiac fetus coexist
ing with a normal co-twin is fairly straightforward, but color 
Doppler is essential. The only other entity in the differential 
diagnosis is an IUFD of one twin. However, continued growth 
of the abnormal, presumed dead twin rules this out, as does 
demonstration of umbilical blood flow in the presumed dead 
twin by color Doppler. Additionally, retrograde flow can be 
demonstrated to occur through the UAs.

The acardiac twin clearly has no chance of survival, but its 
presence is not innocuous for the normal pump twin. The pump 
twin is at increased risk for in utero cardiac failure and preterm 
delivery. In the absence of intervention, mortality rates of 50% 
or higher have been reported. 1 The estimated weight o f the 
acardiac twin (calculated using the formula 1.2L2 — 1.7L = 
weight in grams, where L is the longest dimension) relative to 
the normal twin is an important prognostic factor. Moore and 
colleagues71 reported on a series of 49 pregnancies complicated 
by TRAP sequence. Other than four therapeutic amniocenteses, 
none of the pregnancies underwent invasive therapies. They 
reported 90% preterm delivery, 40% polyhydramnios, and 30% 
cardiac failure of the normal pump twin when the weight ratio 
of the acardiac to normal pump twin was more than 70%, 
compared with 75% preterm delivery, 30% polyhydramnios, 
and 10% cardiac failure for the normal pump twin when the 
weight ratio was less than 70%. In that same series, no pump 
twins had cardiac failure when the weight ratio was less than 
50%. Among all 49 cases in the series, the mean gestational age 
at delivery was 29 weeks, and the mean birthweight of the pump 
twin was 1378 g.

When faced with a monochorionic pregnancy complicated 
by TRAP sequence, three options are available: (1) expectant 
management, (2) delivery, or (3) interruption o f the vascular 
communication between the twins. M any experts use a ratio 
of weight of acardiac twin to weight of pump twin of 0.5 (50%) 
as a criterion for invasive intervention. Other factors that suggest 
a need for intervention are hydrops, polyhydramnios, and 
abdominal circumference of the acardiac twin greater than or 
equal to that of the pump twin.

Expectant management is reasonable in the absence of poor 
prognostic features, and good survival rates have been reported 
(88% in one series) when the weight ratio of the acardiac to 
pump twin is 50% or less.72 If expectant management is under
taken, weekly surveillance that includes fetal echocardiography 
is recommended. Delivery may be indicated if signs of cardiac 
decompensation are noted at a viable gestational age. In the face

of poor prognostic features remote from term, interruption of 
the vascular communication between the twins should be con
sidered. This intervention is most commonly performed between
16 and 26 weeks. Current treatment modalities include occlu
sion of the acardiac twin’s umbilical cord by bipolar cord coagu
lation, laser ablation, or RFA. The optimal treatment approach 
has not yet been definitively determined.

A recent meta-analysis of intrafetal laser treatment for TRAP 
sequence found an 82% survival rate for the pump twin. The 
median gestational age at delivery was 37 weeks and 1 day.73 
A report by the North American Fetal Therapy Network 
(NAFTNet)74 on outcomes for all patients (n = 98) who under
went RFA for TRAP at NAFTNet institutions between 1998 
and 2008 found an 80% overall survival to 30 days of life for 
pump twins with a median gestational age at delivery of 37 
weeks 0 days.

Conjoined Twins
Conjoined twins are another rare complication o f MZ twin
ning. They are believed to occur when a single embryo 
incompletely divides between 13 and 15 days after fertiliza
tion instead o f splitting earlier. This event gives rise to mono
chorionic monoamniotic placentation with conjoined fetuses, 
and it occurs with a frequency of about 1 in 50,000 pregnancies. 
Most conjoined twins are female, with a reported female/male 
ratio of 2 : 1 or 3 : 1 .

Conjoined twins are classified according to their site of union. 
The most common location is the chest (thoracopagus), fol
lowed by the anterior abdominal wall (omphalopagus), the but
tocks (pygopagus), the ischium (ischiopagus), and the head 
(cephalopagus; Fig. 32-11 and Videos 32-1 and 32-2). Organs 
are shared to varying degrees. Major congenital anomalies of one 
or both twins are common, and polyhydramnios is present in 
almost half of the reported cases of conjoined twins.

The mortality rate is high, as evidenced by a retrospective 
case series from the Childrens Hospital of Philadelphia.'^ That 
series identified an incidence of 28% intrauterine death, 54% 
early neonatal death, and 18% overall survival among 14 sets of 
conjoined twins managed at their institution between 1996 and 
2002. Another series76 of 36 sets of conjoined twins from a single 
center in Brazil between 1998 and 2010 reported similar results: 
after excluding the nearly 40% who underwent termination of 
pregnancy, the survival rate was 13.6%.

Ultrasound can establish this diagnosis in utero as early as 
the first trimester based on visualization o f monoamnionic- 
ity and a bifid fetal pole. Three-dimensional ultrasound, color 
Doppler, fetal echocardiography, and MRI can be used to com
plement two-dimensional ultrasound imaging to confirm the 
diagnosis, determine the extent of organ sharing, and defini
tively classify the type of conjoined twinning. If the diagnosis is 
confirmed before viability, pregnancy termination should be 
offered. If the patient desires expectant management, she 
should be counseled that the prognosis for survival and suc
cessful separation depends on the degree o f organ and vas
cular sharing between the two fetuses, especially the heart. 
M ultimodality fetal evaluation as previously described should be 
used prenatally to survey fetal anatomy. To optimize postnatal 
management, patients with conjoined twins should be cared 
for by a multidisciplinary team during the antenatal period, 
including maternal-fetal medicine specialists, neonatolo- 
gists, pediatric anesthesiologists, pediatric surgeons, and 
appropriate pediatric subspecialists.
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FIG 32-11 A and B, Late first-trimester images of thoracopagus conjoined twins. This twin set had one trunk with two parallel spinal columns 
(A) leading to two separate necks and heads (B). C and D, Cephalopagus conjoined twins with a single cranium but two separate spines, con
joined to the level just above the pelvis. (This case is depicted in Videos 32-1 and 32-2.)

If any evaluation and treatment beyond palliation is planned, 
patients with conjoined twins should deliver at a tertiary care 
facility where neonatal and pediatric specialists with experience 
in the care of conjoined twins are available. Cesarean delivery 
near term will be necessary to minimize maternal and fetal 
injury. For conjoined twins, a mean gestational age at delivery 
of 34 to 35 weeks has been reported.7''76 If the twins are believed 
to be nonviable and are believed to be small enough to pass 
through the birth canal without traumatizing the mother, 
vaginal delivery can be considered. In the above mentioned 
series from Brazil, all conjoined twins at less than 27 weeks’ 
gestation were delivered vaginally.

O f conjoined twins who are deemed appropriate for and 
survive to undergo elective separation, survival rates approach 
80%. If conjoined twins require emergent separation, however, 
survival rates are much lower, around 25% to 30%. 7 Although 
the long-term follow-up of conjoined twins who have under
gone successful surgical separation is limited, the data seem 
favorable. Survivors frequently require additional surgeries fol
lowing the initial separation, but many achieve educational 
levels similar to their singleton peers.

ANTEPARTUM MANAGEMENT 
OF MULTIFETAL PREGNANCY 
Maternal Nutrition and Weight Gain
The two factors that most influence pregnancy outcome are 
gestational age at delivery and the adequacy o f fetal growth.
Nutritional status during gestation is closely linked to both these 
outcomes. The increased physiologic stress of a multifetal preg
nancy demands a 10%  higher maternal resting energy expen
diture. To meet this heightened metabolic expenditure, multiple 
gestations require modification of the caloric intake and weight 
gain recommendations established for singleton pregnancies. 
The higher risks o f LBW, PTB, and neonatal complications 
in twin pregnancies create a situation in which enhancement 
o f maternal nutrition has the potential to provide tremen
dous positive impact.

Both total maternal weight gain and the timing of that weight 
gain are critical to optimizing twin birthweight and perinatal 
outcomes. Luke and colleagues78 have shown that weight gain 
before 28 weeks accounts for 80%  o f the effects o f maternal 
weight gain on infant birthweights. Underscoring this point,
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TABLE 32-7 R E C O M M E N D E D  RATES OF M A T E R N A L  W E IG H T  G A IN  IN  T W IN  P R E G N A N C IE S

GESTATIONAL UNDERWEIGHT NORMAL WEIGHT OVERWEIGHT OBESE

AGE PERIOD (BMI <19.8) (BMI 19.8-26) (BMI 26.1-29) (BMI >29)

Early (<20 wk) 1.25-1.75 lb/wk 1-1.5 lb/wk 1-1.25 lb/wk 0.75-1 lb/wk
Mid (21-28 wk) 1.5-1.75 lb/wk 1.25-1.75 lb/wk 1-1.5 lb/wk 0.75-1.25 lb/wk
Late (>29 wk) 1.25 lb/wk 1 lb/wk 1 lb/wk 0.75 lb/wk

From Luke B, Hediger ML, Nugent C, 
BMI, body mass index.

et al. Body mass index-specific weight gains associated with optimal birth weights in twin pregnancies./ R eprod Med. 2003;48:217-224.

TABLE 32-8 2 0 09 IN S T IT U T E  OF M E D IC IN E  R E C O M M E N D A T IO N S  FOR W E IG H T  G A IN  IN P R E G N A N C Y
BMI (kg/m2) TOTAL WEIGHT GAIN TOTAL WEIGHT GAIN

PREPREGNANCY BMI WHO CRITERIA SINGLETON (lb) TWINS (lb)

Underweight <18.5 28-40 No recommendations made
Normal weight 18.5-24.9 25-35 37-54
Overweight 25.0-29.9 15-25 31-50
Obese >30.0 11-20 25-42

From Rasmussen KM, Yaktine AL, editors. Institu te o f  M ed icin e (C om m ittee to Reexamine IO M  Pregnancy Weight Guidelines, F ood a n d  N utrition B oard a n d  Board on Children, Youth, and 
Families). Weight Gain D urin g P regnancy: R eexam ining th e Guidelines. Washington, DC: National Academies Press; 2009.
BMI, body mass index; WHO, World Health Organization.

these researchers demonstrated that even when weight gain is 
appropriate after 24 weeks, suboptimal gain before 24 weeks 
is still associated with earlier delivery and poor intrauterine 
growth. Body mass index (BMI)-specific weight gain patterns 
associated with ideal twin pregnancy outcomes, defined as a 
birthweight of 2850 to 2950 g at 36 weeks or later, are sum
marized in Table 32-7. Although the BMI categories used are 
slightly different from current BMI definitions, the differences 
in recommended weight gain by BMI category can easily be 
appreciated. Compared with singleton gestations, these recom
mended rates o f weight gain are more than double early in 
pregnancy (0 to 20 weeks), about 50% higher during mid
pregnancy (20 to 28 weeks), and about 25%  higher late in 
gestation (28 to 38 weeks).

The crucial role of early weight gain and the pronounced ben
efits of appropriate weight gain in underweight women suggest 
that early weight gain provides improved maternal nutrient 
stores for use later in pregnancy when fetal demands increase. 
Additionally, optimal maternal nutrition and weight gain 
early in pregnancy may enhance placental growth, thus pro
viding a better ongoing nutrient supply to the babies. Both of 
these mechanisms may explain why adequate weight gain in late 
pregnancy after inadequate gain in early pregnancy does not 
provide complete recovery in either fetal growth or outcomes. 
The implementation of these nutritional principles as part of an 
enhanced nutritional clinical program for twins at the University 
of Michigan was associated with improvements in virtually all 
important obstetric and neonatal outcomes in a prospective 
cohort trial.80

Using the data published by Luke and colleagues but with 
slight changes in the BMI categories, the Institute of Medicine 
(IOM) issued new BMI-specific weight-gain recommendations 
for twin pregnancy in 2009; these recommendations are sum
marized in Table 32-8. Several studies have examined perina
tal outcomes using the IOM recommendations for maternal 
weight gain and have found improved outcomes among women 
who meet the IOM weight-gain goals. For instance, Fox and 
coworkers81 retrospectively studied a cohort of 297 twin preg
nancies from a private maternal-fetal medicine practice, apply
ing the 2009 IOM guidelines to compare pregnancy outcomes 
between those women who achieved or failed to achieve these

recommendations. They found that women with a prepreg
nancy BMI in the normal or overweight categories who met 
the weight-gain recommendations demonstrated significantly 
better outcomes. Normal-weight women who achieved the 
IOM weight-gain recommendations had significandy larger 
babies and a greater likelihood o f babies weighing more than 
2500 g. Overweight women who met the weight-gain recom
mendations had more advanced gestational ages at delivery and 
a heavier weight of the larger twin. Both normal-weight and 
overweight women who met weight-gain goals had reductions 
in both overall and spontaneous PTB. Notably, the IOM guide
lines do not provide a specific weight-gain recommendation 
for women with an underweight prepregnancy BMI who are 
pregnant with twins. However, because the singleton literature 
clearly demonstrates that underweight women benefit the most 
from optimal gestational weight gain, special attention should be 
given to nutritional counseling and achievement of weight-gain 
goals in this population.

Although increased maternal weight gain during pregnancy is 
associated with improved outcomes, maternal weight retention 
and its long-term health effects are also a concern. Therefore in 
the setting of multiple gestation, emphasis should be placed on 
appropriate weight gain, while avoiding gains that exceed the 
IOM recommendations.

Spontaneous Preterm Birth
Patients with a multiple gestation are at significant risk for 
preterm labor and delivery. Refining the risk for PTB in each 
individual patient improves pregnancy management by 
selecting those patients who may benefit most from increased 
surveillance and interventions while simultaneously mini
mizing unnecessary interventions in lower-risk women.

The use of ultrasound transvaginal cervical length (TVCL) 
measurements and fetal fibronectin (fFN) sampling can help 
stratify PTB risk in multiple gestations. A 2010 meta-analysis 
that included 21 studies with a total of 3523 women pregnant 
with twins found that in asymptomatic women, a TVCL of 
20 mm or less between 20 and 24 weeks’ gestation was the 
best predictor o f PTB before 32 and before 34 weeks. ATVCL 
of 20 mm or less increased the probability of birth before 32 
weeks from 6.8% to 42.4%  and increased the risk of birth before
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34 weeks from 15.3% to 61.9% . At a gestational age of 20 to
24 weeks, a TVCL of 25 mm or less increased the risk of delivery 
before 32 weeks from 3.5% to 25.8% , and it increased the risk 
of delivery before 37 weeks from 41.2%  to 75.5% . A TVCL of
25 mm or more reduced the risk of delivery before 28 weeks to 
1.4% and the risk of delivery before 37 weeks to 36.8% .82

In addition to the absolute cervical length (CL), the degree 
of change in the cervical length over time may also be an 
important predictor o f PTB in twins. Fox and coworkers 
studied a historical cohort of 121 asymptomatic twin pregnan
cies who had two TVCL measurements taken 2 to 6 weeks apart 
between 18 and 24 weeks’ gestation. They found that CL short
ening of 20% or more over this interval was associated with a 
greater risk for PTB before 28, 30, 32, and 34 weeks compared 
with women whose CL remained stable (15.8% vs. 1% at <28 
weeks, 15.8% vs. 2% at <30 weeks, 31.6%  vs. 5% at <32 weeks, 
and 36.8% vs. 12.9% at <34 weeks; all P  values < .03). Most 
striking was the fact that this association with PTB remained 
significant even when patients with a CL less than 25 mm were 
excluded.

Fetal fibronectin has also been studied as a predictor of spon
taneous PTB risk in multifetal pregnancies. A 2010 meta
analysis84 that included 15 studies with a total of 1221 women 
found that in symptomatic mothers o f twins, fFN had good 
predictive value. A positive fFN in this setting increased the 
risk of delivery within 7 days of testing from 7.7%  to 24.5%, 
and a negative result decreased the risk of delivery within 7 days 
to 1.6%.

The use o f these tests can help guide management deci
sions, such as frequency o f office visits or whether work or 
activity restriction is prudent. Identification of a patient at 
particularly high risk for preterm delivery based on her CL, 
fFN, or a combination of the two can allow for heightened 
surveillance and may permit timely interventions such as 
tocolysis or steroid administration. On the other hand, doc
umentation of an above-average (>35 mm) or stable CL in 
midgestation can allow both patient and physician to feel com
fortable with a patient continuing with her normal activities, 
avoiding the temptation to implement unnecessary restrictions 
or interventions.

Unfortunately, although studies such as those mentioned 
above allow us to determine which multiple gestations are at 
greatest risk for spontaneous PTB, limited options are available 
to prevent PTB. O f note, however, few PTB prevention studies 
have been carried out in the highest-risk multiple gestations 
based on transvaginal CLs or a positive fFN. The following 
section discusses the relative merits of proposed interventions to 
prevent spontaneous PTB in multiple gestations.

Bed Rest and Hospitalization
A Cochrane review85 analyzed seven randomized trials that 
included 713 women and 1426 babies and concluded that 
routine hospitalized bed rest was not associated with a 
decrease in PTB in multifetal pregnancies. A trend toward 
fewer LBW babies was noted (RR, 0.92; 95% CI, 0.85 to 1.00), 
although this trend did not extend to VLBW infants. Because 
no evidence suggests that routine hospitalization is beneficial 
for patients with multiples, these women should be hospitalized 
only for the same obstetric indications as singletons. For asymp
tomatic twin pregnancies in women with a reassuring CL and 
no prior history o f PTB, we do not recommend either cessa
tion o f work or rest at home.

Tocolysis
Prophylactic tocolysis has been evaluated in multiple gesta
tions and was not found to be effective. In contrast, short-term 
use of agents for acute tocolysis in preterm labor is helpful to 
gain time for administration of corticosteroids to enhance fetal 
lung maturity and allow transport to a tertiary care facility. 
Tocolytic use in multiple gestations, however, must be accom
panied by careful monitoring of the maternal condition. Because 
of the exaggerated maternal cardiovascular adaptations to a mul
tiple gestation, women pregnant with multiples are predisposed 
to cardiopulmonary complications, most notably pulmonary 
edema. This risk is heightened with p-adrenergic agents and 
when tocolytics are used in combination with corticosteroids 
and intravenous fluids. In 2 0 11 , the U.S. Food and Drug 
Administration (FDA) issued a boxed warning on terbuta
line, stating that it should not be used in an injectable form 
beyond 48 to 72 hours to treat preterm labor— and that it 
should not be used at all in an oral form— because o f the 
potential for serious maternal cardiovascular problems and 
death. Because of the FDA warning and known higher risks of 
tocolysis in multifetal pregnancies, use of terbutaline in multiple 
gestations should be discouraged. At our institution, intrave
nous magnesium sulfate is used as a first-line acute tocolytic. 
W hen needed in patients before 32 weeks’ gestation, we add oral 
indomethacin for 48 hours. After 32 weeks, we have also used 
short-acting nifedipine for tocolysis, assuming the maternal 
blood pressure tolerates its use.

Progesterone
INTRAMUSCULAR 17-HYDROXYPROGESTERONE CAPROATE
After 17-hydroxyprogesterone caproate (17-OH-P) was shown 
to be effective in reducing recurrent PTB in singletons, there 
was interest in using it in populations with other risk factors for 
spontaneous preterm delivery, such as multiple gestations. 
Numerous RCTs have been done using 17-OH-P in doses that 
range from 250 mg weekly, the dose proven effective in singleton 
gestations, to 500 mg twice weekly in multifetal gestations. 
Most of the twin populations were unselected, but one study 
enrolled only women with a TVCL of 25 mm or less. None of 
these studies have shown any benefit associated with the use 
of 17-OH-P in multiple gestation.86"90 An interesting dilemma 
arises when caring for a woman pregnant with multiples who 
has had a prior singleton spontaneous PTB. Unfortunately, no 
data exist to inform decision making on whether to offer weekly 
17-OH-P in this scenario.

VAGINAL PROGESTERONE
Vaginally administered progesterone has been shown in multiple 
studies to be beneficial in prolonging gestation in singleton 
pregnancies with a short cervix. Vaginal progesterone is recom
mended by ACOG as a management option in asymptomatic 
women with a singleton gestation and incidentally identified CL 
of 20 mm or less prior to 24 weeks of gestation. The 2007 trial 
by Fonseca and associates91 examined the effect of nightly vaginal 
progesterone in women with a short midgestation CL and 
included twin gestations, although twins made up only 10.4% 
(n = 13) of the placebo group and 8.8% (n = 11) of the treat
ment group. This study randomized women with a transvaginal 
CL of 15 mm or less at a median of 22 weeks’ gestation to either 
200 mg of vaginal progesterone or placebo. They found that 
administration of nightly vaginal progesterone decreased spon
taneous delivery before 34 weeks from 34.3%  to 19.2%
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(P < .05). In the subgroup of twin gestations, vaginal progester
one was associated with a similar reduction in preterm delivery, 
although the difference did not reach statistical significance 
because of the small sample size. Since publication of that paper, 
multiple RCTs have examined the use of vaginal progesterone 
gel 90 mg daily or vaginal micronized progesterone suppositories 
in doses that ranged from 100 to 400 mg daily in women preg
nant with m ultiples.12 ’ None o f the studies that enrolled only 
multiple gestations showed an improvement in the primary 
outcome, but the study by Cetingoz and colleagues ’’ that 
enrolled women at high risk for PTB (of whom 40% in the 
placebo group and 48.7%  in the daily 100-mg micronized 
vaginal progesterone group had twins) found a statistically 
significant increase in the risk o f delivery before 37 weeks 
(3.48; 95% CI, 1.16 to 10.46), but not before 34 weeks, in 
twin gestations in which the mother received placebo com
pared with those who received progesterone.u None of these 
studies enrolled the highest-risk multiple gestations based on 
TVCL or other factors such as prior spontaneous PTB.

Two meta-analyses have been published that help distill the 
results of these various studies that have examined the use of 
intramuscular and vaginal progesterone in multifetal gestations. 
The first is a 2012 meta-analysis of individual patient data by 
Romero and colleagues98 that included five trials of vaginal pro
gesterone in women with an asymptomatic short cervix in the 
midtrimester. Overall, the five trials included 775 women and 
827 infants. In the subgroup o f women with a twin gestation, 
the investigators found a nonsignificant 30%  reduction in 
the rate o f PTB before 33 weeks in women given progester
one compared with those who received placebo (RR, 0.70; 
95% CI, 0.34 to 1.44), and a statistically significant reduction 
in composite adverse neonatal outcomes (RR, 0.52; 95% CI, 
0.29 to 0.93).

The more recent individual patient data meta-analysis evalu
ated the effectiveness of progesterone in improving twin preg
nancy outcomes and included 13 trials with 3768 women and 
7536 babies." The primary outcome was a composite of peri
natal mortality and severe neonatal morbidity. The results dem
onstrated no reduction in adverse outcome with either 17-OH-P 
or vaginal progesterone in the overall analysis. However, in a 
subgroup analysis of women with twins and a TVCL of 25 mm 
or less who received vaginal progesterone, a statistically signi
ficant reduction was seen in adverse perinatal outcome (RR, 
0.56; 95% CI, 0.42 to 0.75) when TVCL was measured prior 
to 24 weeks.

The authors’ interpretation o f the available literature on 
progesterone to prevent PTB in twins is that no evidence is 
available to support the use o f intramuscular 17-OH-P in 
any multifetal gestation, nor should any form o f progester
one be used in unselected multiple pregnancies. However, 
although more study is needed to confirm this finding, 
because o f the evidence o f neonatal benefit in twin pregnan
cies with a TVCL o f 25 mm or less, vaginal progesterone 
should be offered to these women. Evidence is insufficient to 
support a specific dose or to support gel versus a micronized 
progesterone suppository.

Cerclage
Results of studies using cervical cerclage to prolong pregnancy 
in multiple gestations have been disappointing. Prophylactic 
cerclage has been studied and was found to be ineffective in 
both twins and triplets. Even in the presence of cervical

shortening, no clear benefit of cerclage placement in patients 
with twins has been demonstrated. Newman and coworkers100 
prospectively followed 147 twin pregnancies in women who 
underwent transvaginai ultrasonographic CL measurements 
between 18 and 26 weeks’ gestation. Cerclage was offered to all
33 women with a transvaginai cervical length of 25 mm or less, 
and a cerclage was placed in 21 women. No differences were 
reported between the cerclage and no-cerclage groups with 
regard to length of gestation, birthweight, delivery before 34 
weeks, PPROM, or VLBW. A 2005 meta-analysis of ultrasound- 
indicated cerclage found that in the subgroup with twins, cer
clage placement was actually associated with a statistically 
significant increase in birth before 35 weeks (75% vs. 36% ).101 
Because cerclage is a surgical procedure that may be associated 
with adverse sequelae for both the mother and her fetuses, it is 
recommended that cerclage placement in multiple gestations 
be restricted to women with either a strongly suggestive 
history o f cervical insufficiency or objectively documented 
cervical insufficiency based on physical examination. Neither 
prophylactic nor ultrasound-indicated cerclage are o f benefit 
in multifetal gestations.

Pessary
In the last few years, there has been renewed interest in pessary 
placement for prevention of spontaneous PTB. The Cervical 
Pessary in Pregnant Women with a Short Cervix (PECEP) study, 
an RCT of pessary versus expectant management in singleton 
pregnancies with a TVCL less than 25 mm at a mean gestational 
age of 22 weeks, showed a reduction in birth before 34 weeks 
as well as an improvement in neonatal outcomes in the pessary 
group.102 Pessary use has also been studied in a prospective RCT 
of multifetal gestations conducted in 40 centers in the Nether
lands. The ProTWIN trial103 randomized 813 women pregnant 
with multiple gestations, of which 98% were twins, to either 
expectant management or pessary placement. Fifty-five percent 
of women in both groups were nulliparous, and only 7% in the 
pessary group and 6% in the control group had a prior spontane
ous PTB. TVCL was measured between 16 and 22 weeks. Only 
1% of women in both groups had funneling, and the median 
TVCL was 43.6 mm in the pessary group and 44.2 mm in the 
control group. In the overall analysis, no difference was seen 
in neonatal outcomes; gestational age at delivery; or delivery 
before 28 weeks, 32 weeks, or 37 weeks between women 
randomized to pessary and those randomized to expectant 
management. The study had originally included a planned a 
priori analysis of all women with TVCL less than 25 mm, but 
because very few women met this criterion, that analysis was 
changed to TVCL below the 25th percentile. W hen the analysis 
was restricted to women with TVCL below the 25th percentile, 
which corresponded to 38 mm, median gestational age at deliv
ery was longer in the pessary group than in the control group 
(36.4 vs. 35.0 weeks, P  < .05). Pessary use was associated with 
a reduced risk of delivery before 28 weeks (OR, 0.23; 95% CI, 
0.06 to 0.87) and before 32 weeks (OR, 0.49; 95% CI, 0.24 to 
0.97) but not before 37 weeks (OR, 0.82; 95% CI, 0.54 to 1.24) 
in the group of women with TVCL below the 25th percentile. 
Additionally, among women with a shorter cervix at enrollment, 
the risk of a composite adverse neonatal outcome was decreased 
in the pessary group (OR, 0.40; 95% CI, 0.19 to 0.83). The 
results of this study show that pessary placement is not effective 
in prolonging gestation or improving outcomes when used rou
tinely in twin pregnancies, but the subgroup analysis o f women
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with TVCL below the 25th percentile suggests that pessary 
could be effective in women pregnant with twins who 
also have a short cervix. In the 2 0 14  Practice Bulletin on 
Multifetal Gestation, ACOG cites the ProTWIN study and 
concludes that “based on available evidence, the use o f pro
phylactic cervical pessary is not recommended in multifetal 
pregnancies.”37 Further study is needed to determine whether 
pessary use could be of value in multifetal pregnancies with a 
short cervix, a population in which evidence-based interventions 
are lacking.

Antenatal Testing
Multiple gestations are at increased risk for uteroplacental 
insufficiency, IUGR, and stillbirth; for this reason, antenatal 
surveillance in the form o f nonstress tests (NSTs) or bio
physical profiles (BPPs) is often performed. Retrospective 
data show that both NSTs and BPPs can effectively detect com
promised twin gestations and can be interpreted the same as in 
singletons. However, any recommendations on specific surveil
lance protocols are based on expert opinion, because no prospec
tive data are available upon which to base a recommendation. 
ACOG does not recommend antenatal testing for uncompli
cated dichorionic twins, but the 2 0 14  ACOG practice bul
letin on antenatal testing does list monochorionicity as an 
indication, although no specific testing schedule is sug
gested.104 In the United States, most institutions perform weekly 
or twice weekly antenatal testing on monochorionic twins start
ing at around 32 to 34 weeks. Although ACOG does not list 
dichorionic twins as an indication for routine antenatal testing, 
the authors feel it is reasonable to perform routine weekly 
NSTs or BPPs in this population, in part because o f the limi
tations in detection o f IUGR. The 2009 NICHD reevaluation 
of antenatal testing does not specify by chorionicity, but they 
list weekly testing at 32 weeks as a reasonable strategy for twins 
with normal fetal growth.105 At the authors’ institutions, 
weekly NST or BPP is initiated at 32 weeks for monochori
onic diamniotic twins and at 34 weeks for dichorionic twins. 
More frequent or earlier onset of testing is initiated for twins 
with additional complications such as IUGR, discordant growth, 
or underlying maternal medical disorders such as diabetes or 
hypertension.

Even fewer data are available for triplet and higher-order 
multiple gestations. However, because the stillbirth risk increases 
with increasing plurality, it is reasonable to begin antenatal 
testing earlier for triplets than for twins. The 2009 NICHD 
document lists initiation o f antenatal testing at 28 weeks as 
a reasonable strategy for triplets.105 We preferentially perform 
BPPs instead o f NSTs in triplets or higher plurality because 
of the difficulty in consistently and efficiently obtaining and 
interpreting NSTs with more than two fetuses.

Fetal Growth Surveillance
Although ultrasound is an imperfect predictor of fetal weight, 
it is the only method available for assessing individual fetal 
growth in multiple gestations. Data indicate that twins grow at 
the same rate as singletons until 30 to 32 weeks gestation, 
after which their growth velocity slows compared with 
singletons.106'108 A study that used 1991 to 1995 National 
Center for Health Statistics data found that singleton, twin, and 
triplet birthweights prior to 28 weeks gestation were similar 
regardless of plurality. However, by 30 weeks gestation, differ
ences in birthweights began to be identified. By 32 weeks, the

median birthweight in twins and triplets was reduced by 300 g 
and 450 g, respectively, compared with singletons."16 A retro
spective study in Scotland studied all twins [ n — 131) delivered 
at a single institution between 1994 and 1996. Each pregnancy 
had ultrasounds every 2 to 3 weeks after 24 weeks to assess fetal 
growth, and growth velocities were calculated. The study found 
that biparietal diameter (BPD) and abdominal area growth 
velocities slowed significantly after 30 weeks. This slowing of 
growth was present regardless of whether the pregnancy subse
quently delivered preterm.107 A prospective longitudinal study 
of 162 twin pregnancies that underwent ultrasound assessment 
of fetal growth every 2 weeks starting at 16 weeks gestation 
reported slowing of growth velocities for BPD, femur length 
(FL), and abdominal circumference (AC) after 32 weeks.IOh

Formulas developed specifically for ultrasound estimation of 
twin fetal weights have been studied, but these twin formulas 
have not proven to be superior to standard singleton formulas 
typically used. It is recommended that twin fetal weights 
should be estimated using singleton formulas, taking into 
account multiple biometric parameters. Additionally, because 
growth is a dynamic process, patients with multifetal gesta
tions should be followed throughout pregnancy. It is recom
mended that all patients with twins undergo ultrasound 
evaluation o f fetal growth at least every 4 weeks after 20 
weeks and more frequently if IUGR or growth discordance 
is suspected. Additionally, ultrasounds should be performed 
every 2 weeks in monochorionic twins beginning at 16 weeks 
to screen for TTTS.

Discordant Growth
Significant discordance in weight between twins is most com
monly defined as a greater than 20%  difference in actual or 
estimated twin weights (the difference between the weights 
divided by the weight of the larger twin). In a cohort of 293 
twin pregnancies, birthweight discordance of 10%, 15%, 20%, 
and 25% was reported in 48.8%, 34.5%, 23.5%, and 18.8% of 
twin pregnancies, respectively.101 Because DZ twins are geneti
cally distinct, they might easily be programmed to have obvi
ously different weights at birth. There are, however, several 
pathologic situations in which either monochorionic or dicho
rionic twins may develop substantial weight differences. These 
include TTTS, the combination of an anomalous fetus with a 
normal co-twin, umbilical cord abnormalities that affect a single 
twin, and selective IUGR that affects only one twin. Although 
it has been argued that twin weight discordance is not concern
ing if both babies’ estimated weights remain appropriate for 
gestational age, discordance, especially when severe, suggests the 
possibility of clinically significant growth restriction.

Although it is generally agreed that weight discordance in 
twins should be calculated, the degree of discordance that 
confers an increased risk of adverse outcomes is subject to 
debate. The ESPRiT trial prospectively followed twin pregnan
cies with serial sonography, including growth assessments every 
2 weeks. Analyzing data for 977 twin pregnancies, they found 
that perinatal morbidity and mortality increased with birth
weight discordance above 18%. This threshold remained the 
same regardless of chorionicity after cases of TTTS were 
excluded.110 Adverse perinatal outcome was roughly twofold 
higher (hazard ratio [HR], 2.1; 95% CI, 1.6 to 2.8) in twins 
with discordance of 18% or more, even when both twin weights 
were appropriate for gestational age. The hazard ratio for adverse 
perinatal outcome rose more than fourfold (HR, 4.5; 95% CI,
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1.8 to 10.8) if  one twin in a discordant pair was growth restricted, 
defined as below the 5th percentile in birthweight.

Another recent retrospective cohort study that involved 895 
dichorionic and 250 monochorionic pregnancies reported d if
ferent results. All pregnancies were cared for at a single tertiary 
care center between 1990 and 2008. Exclusion criteria were 
monoamnionicity, TTTS, structural anomalies and, impor
tantly, growth-restricted twins (birthweight below the 10th per
centile). The study found that a birthweight discordance of 20% 
or more did not affect outcome in appropriately grown dicho
rionic gestations. However, in monochorionic twins, a birth
weight discordance of 20% or more was associated with an 
increased risk of delivery before 34 weeks and before 28 weeks 
and with a higher risk of admission to the NICU. The paper 
concluded that when neither twin was growth restricted, growth 
discordance was a risk factor for adverse perinatal outcomes only 
in monochorionic twin gestations.111

Most of the available literature on twin weight discordance 
and associated outcomes has used birthweight, rather than dis
cordance, in estimated fetal weight (EFW). O f course, ultra
sound estimation of fetal weight is the only information available 
to guide antenatal management. Khalil and associates109 com
pared sonographically estimated fetal weights and fetal growth 
discordance to actual birthweights that occurred within 48 hours 
of the ultrasound. Ultrasound correctly identified growth dis
cordance (>10%, >15%, >20%, and >25%) in 69% to 86% of 
cases, with greater accuracy at the extremes of growth discor
dance. Because ultrasound diagnosis o f fetal growth discor
dance and IUGR is imperfect, we recommend using the 
presence o f EFW discordance o f 20%  or more as an indica
tion for heightened surveillance even when neither fetus 
meets criteria for IUGR. This recommendation applies 
to both dichorionic and monochorionic twins, but more 
caution should be used in monochorionic gestations with the 
same degree o f estimated growth discordance compared with 
a dichorionic pregnancy. Based on the ESPRiT study data, 
using a cutoff of 18% or more discordance would also be 
reasonable.

SPECIALIZED TWIN CLINICS
The value of specialized twin clinics has been described. In 
these clinics, where women carrying twins are seen at regular 
intervals by the same obstetric team, several advantages 
accrue. Patients are followed by a small group o f focused 
caregivers and benefit from the accumulated experience o f a 
specialized service. Two studies have examined the effects of 
such clinics and have found improvements in outcomes. One 
study demonstrated reduced rates of VLBW babies, NICU 
admissions, and perinatal mortality,112 whereas the other showed 
improvements in gestational age and birthweight and reduced 
rates of PPROM, preterm labor and delivery, preeclampsia, and 
LBW and VLBW infants as well as reductions in NICU admis
sions and individual complications such as respiratory distress 
syndrome (RDS), necrotizing enterocolitis (NEC), and reti
nopathy of prematurity (ROP).113 Although they lack a prospec
tive randomized design, these studies suggest that intensive 
education, multidisciplinary care, and surveillance combined 
with careful attention to maternal nutrition and weight gain can 
improve outcomes in twin pregnancies. Figure 32-12 outlines a 
reasonable management algorithm for antepartum care unique 
to twin gestations.

TIMING OF DELIVERY IN 
MULTIPLE GESTATIONS
Concern over preterm delivery in twin pregnancies sometimes 
overshadows decision making regarding the appropriate timing 
of delivery for mothers with a multiple gestation who remain 
pregnant at or near term. Numerous population-based studies 
suggest that the nadir o f perinatal complications occurs at 
earlier gestational ages in multiple gestations compared with 
singletons.

Unfortunately, the hypothesis that elective early delivery of 
twins leads to better outcomes has not been subjected to rigor
ous prospective study. Until recently the only randomized study 
of elective early delivery of twins was an underpowered Japanese 
study, with only 17 women in the induction group and 19 in 
the expectant management group. Women with both uncom
plicated dichorionic and monochorionic pregnancies and a 
cephalic first twin were randomized at 37 weeks to either labor 
induction or expectant management. No differences were appar
ent in birthweight, Apgar score, or cesarean delivery rate, and 
no fetal deaths occurred in either group.114 More recently, Dodd 
and associates115 performed a randomized trial of delivery timing 
at term for uncomplicated twin pregnancies. Two hundred 
thirty-five women with uncomplicated dichorionic or mono
chorionic diamniotic twins were randomized to delivery at 37 
weeks {n = 116) versus at or after 38 weeks (n = 119). Recruit
ment was stopped well short of the sample-size goal of 460 
women due to insufficient funding. The study found a decreased 
rate of the primary outcome, which was a composite of adverse 
neonatal outcomes, in the 37-week delivery group (4.7% vs. 
12.2%; RR, 0.39; 95% C l, 0.20 to 0.75; P  = .005). However, 
this apparent improvement in overall outcome was solely a result 
of a decrease in birthweight below the 3rd percentile (3.0% vs. 
10.1%; P  = .004). No difference was reported in any other 
individual infant outcome, nor were differences found in mater
nal outcomes or mode of delivery. The difference in mean birth
weight between groups was statistically significant (2.74 kg vs. 
2.83 kg in the 37-week vs. the greater than 38-week groups, 
respectively; P  = .01) but arguably clinically insignificant. For 
this reason, as well as the fact that the study was significantly 
underpowered, the question of optimal delivery timing for 
uncomplicated twins remains unanswered. Furthermore, it is 
unlikely that a trial to definitively answer this question would 
ever be feasible to perform.

As mentioned previously, numerous population-based studies 
suggest a perinatal benefit associated with the early delivery of 
twins. Kahn and colleagues116 reviewed nearly 300,000 twin 
pairs and found 39 weeks to be the point of intersection that 
minimized both the fetal and neonatal death rates. They found 
that the prospective risk for stillbirth in twins equaled that of 
postterm singletons by 36 to 37 weeks’ gestation. Another analy
sis by Sairam and associates117 evaluated more than 4000 mul
tiple pregnancies, of which more than 99% were twins, and 
found that the fetal death rate at 39 weeks’ gestation in a twin 
pregnancy exceeded that of a postterm singleton pregnancy. 
Twins at 37 to 38 weeks’ gestation had stillbirth rates equivalent 
to those of postterm singletons.

Given consistent evidence o f increased risk in twin preg
nancies that extend past 38 to 39 weeks’ gestation (analogous 
to a postdate singleton gestation), a rational delivery approach 
would be elective delivery at 38 weeks in well-dated, uncom
plicated dichorionic twin pregnancies (Fig. 32-13). Allowing
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FIG 32-12 Suggested algorithm for antepartum management of twin gestations. BMI, body mass index; BP, blood pressure; fFN, fetal fibronectin; 
GDM, gestational diabetes mellitus; Hct, hematocrit; HgB, hemoglobin; PTB, preterm birth; TVCL, transvaginai cervical length; TTTS, twin-twin 
transfusion syndrome.

a dichorionic twin gestation to go past 38 weeks requires 
convincing evidence of normal fetal growth, amniotic fluid 
volume, and fetal testing as well as a patient desire to extend the 
pregnancy. Prolongation o f a twin pregnancy past 39 weeks 
is not advisable because o f clear risk without any known 
benefit. Unfortunately, few of these population-based studies 
differentiated between dichorionic and monochorionic pregnan
cies, and further studies were needed to define the optimal

delivery timing for monochorionic twins; this evidence will be 
discussed below.

O f course, the timing of delivery in the face of either maternal 
or fetal complications is influenced by severity and clinical judg
ment and will require modification of the guidelines outlined in 
Figure 32-13. For instance, an IUGR twin or a pregnancy with 
significant discordance in EFWs may be an indication for earlier 
delivery even if all other testing is normal. Likewise, poorly
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‘Aim for the end of this range

FIG 32-13 Antenatal surveillance and delivery timing for uncomplicated 
diamniotic twins. This figure applies only to uncomplicated twins. If 
any fetal or maternal complications exist, more frequent ultrasounds 
and antenatal testing, as well as earlier delivery, may be indicated. 
BPP, biophysical profile; NST, nonstress test; TTTS, twin-twin transfu
sion syndrome.

controlled maternal conditions such as diabetes, preeclampsia, 
lupus, or sickle cell disease may warrant preterm delivery even 
if  fetal growth is appropriate.

Monochorionic Diamniotic Twins: Special 
Considerations Regarding Delivery Timing
Although monochorionic gestations share all the same increased 
risks as dichorionic twins— for instance, elevated risk of preterm 
labor and preeclampsia— monochorionic twins also have unique 
risks such as TTTS, TAPS, and selective IUGR; consequently, 
they also have a higher risk of stillbirth. Additionally, many 
investigators have expressed recent concern for an elevated 
risk o f stillbirth even in apparendy uncomplicated mono
chorionic diamniotic twins in the late-preterm/early-term 
period.

The first paper to formally raise this concern was a 2005 
retrospective analysis118 from the United Kingdom that reviewed 
151 uncomplicated monochorionic pregnancies. The patients 
underwent ultrasound evaluation for fetal growth, amniotic 
fluid, and UA Dopplers every 2 weeks. The study reported a 
prospective risk of stillbirth after 32 weeks of 4.3% (1 in 23). 
Since publication of that paper, over a dozen studies on stillbirth 
risk and optimal delivery timing for monochorionic diamniotic 
twins have been published. Most show a lower stillbirth risk than 
reported in the Barigye paper. The results of these studies are 
conflicting, and differences in antenatal surveillance regimens, 
as well as inclusion or exclusion of certain complications, make 
synthesis of the information difficult. A 2013 meta-analysis119 
of nine studies reported the risk of stillbirth per monochorionic 
diamniotic pregnancy at 32, 34, and 36 weeks of gestation to 
be 1.6%, 1.3%, and 0.9% , respectively. Four of the nine studies 
had a dichorionic control group. Compared with the uncompli
cated dichorionic pregnancies, the odds ratio for stillbirth per

monochorionic diamniotic pregnancy at 32, 34, and 36 weeks 
of gestation was 4.2 (95% CI, 1.4 to 12.6), 3.7 (95% CI, 1.1 
to 12.0), and 8.5 (95% CI, 1.6 to 44.7), respectively. Impor
tantly, this meta-analysis did not include several very recent 
papers with a much lower reported risk of stillbirth in otherwise 
uncomplicated monochorionic diamniotic twins. The authors’ 
own data, a retrospective cohort study of all twins (601 dicho
rionic and 167 monochorionic pregnancies) delivered at or after 
34 weeks at a single tertiary care center from 1987 to 2010, was 
published in 2014. All twins received ultrasounds for fetal 
growth and AFV at least every 4 weeks and weekly NSTs starting 
at 32 weeks for monochorionic twins and at 34 weeks for dicho
rionic twins. Delivery o f uncomplicated dichorionic and 
monochorionic twins was recommended at 38 and 37  weeks, 
respectively. The prospective risk o f IUFD at 34  or more 
weeks’ gestation for dichorionic twins was 0.17%  (a single 
stillbirth) and 0.0%  for monochorionic twins. Composite 
neonatal morbidity was calculated and was found to decrease 
with each advancing gestational week (P  < .0001). The nadir 
of composite neonatal morbidity occurred between 36 weeks
0 days and 36 weeks 6 days gestation for monochorionic 
twins and between 37 weeks 0 days and 37 weeks 6 days 
gestation for dichorionic twins.120

The first organization to formally recommend differences in 
delivery timing by chorionicity was the 2 0 11  NICHD and 
SMFM publication on timing o f indicated late-preterm and 
early-term birth. They recommended delivery o f uncompli
cated dichorionic twins at 38 weeks and uncomplicated 
monochorionic diamniotic twins between 34  and 37  weeks. ' 
The 20 14  Practice Bulletin on Multifetal Gestations is the 
most recent ACOG publication to address twin delivery 
timing, and it offers a similar recommendation for delivery 
at 38 weeks for uncomplicated dichorionic gestations and 
between 34 and 376/7 weeks for uncomplicated monochori
onic diamniotic twins.3

In our experience, intensive fetal surveillance can minimize 
unexpected third-trimester stillbirth in monochorionic pregnan
cies. This allows prolongation of uncomplicated monochorionic 
pregnancy to 36 to 37 weeks, which significantly reduces com
posite neonatal morbidity. Taking into account the risks of both 
stillbirth and neonatal morbidity, a reasonable approach to sur
veillance and planned delivery for uncomplicated monochori
onic diamniotic gestations is outlined in Figure 32-13.

Timing of Delivery With Triplets
Triplets are clearly at very high risk for PTB. However, in a 
review of more than 15,000 triplet pregnancies, as many as 15% 
of triplets were undelivered at 36 weeks. That same study found 
that the point of intersection between a falling neonatal death 
rate and a rising stillbirth rate occurred at 36 weeks’ gestation.116 
Most experts agree that it is reasonable to offer delivery of 
uncomplicated triplets anytime between 35 and 36 weeks.

MODE OF DELIVERY IN 
MULTIPLE GESTATIONS
A number of factors must be considered when determining the 
mode of delivery for patients with multifetal gestations. These 
variables include the gestational age, estimated weights of the 
fetuses, their positions relative to each other, the availability of 
real-time ultrasound on the labor floor and in the delivery room, 
and the ability to monitor each twin independently during the
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Chapter 32 M ultip le  Gestations 731

FIG 32-14 Algorithm for mode of delivery in diamniotic twins. (Monoamniotic twins should have cesarean delivery.) EFW, estimated fetal weight.

entire intrapartum period. Carefully considering all these vari
ables is essential because multiple gestations are inherently at 
higher risk during the intrapartum period. The recent available 
literature on mode of delivery in twin gestations is summarized 
below.

All combinations of intrapartum twin presentations can 
be classified into three groups: (1) twin A vertex, twin B vertex;
(2) twin A nonvertex, twin B either vertex or nonvertex; and
(3) twin A vertex, twin B nonvertex. In a series of 362 twin 
deliveries presented by Chervenak and associates,121 these pre
sentations were found in 42.5% , 19.1%, and 38.4%  of cases, 
respectively. Each scenario is discussed in turn, and recommen
dations are summarized in Figure 32-14.

Vertex-Vertex Twins
A trial o f labor and vaginal delivery is appropriate for all 
vertex-vertex twin gestations, regardless o f gestational age or 
estimated fetal weight. No clear benefit to routine cesarean 
delivery of vertex-vertex twins has been found in the literature, 
including VLBW deliveries. However, it is important to note 
that the presentation of the second twin may change in 5% to 
10% of cases after delivery of the presenting twin. The obstetri
cian should always discuss this possibility with the patient before 
delivery, and the obstetric team should always have a clear plan 
for the management of an unexpected nonvertex second twin.

Nonvertex Presenting Twin
Twin pregnancies with a nonvertex presenting twin are nearly 
always managed by cesarean delivery. Historically, this was 
because of a fear of interlocking fetal heads during delivery of 
breech-vertex twins. However, interlocking fetuses are exceed
ingly rare. More concerning is extension of the fetal head of the 
presenting breech twin, which predisposes to a more difficult 
breech extraction and risk of cervical spine injury. Currently, in 
an era in which nearly all singleton breech fetuses are delivered 
by elective cesarean delivery (see Chapter 17), cesarean delivery 
is also the optimal mode of delivery for twin pregnancies with 
a nonvertex-presenting fetus.

Vertex-Nonvertex Twins
Although the route of delivery for the previous two scenarios is 
noncontroversial, the management of patients whose twins are 
in a vertex-breech or vertex-transverse lie is subject to significant 
debate. W hen the second twin is nonvertex after delivery of the 
first twin, the two options for vaginal delivery are breech extrac
tion or external cephalic version (ECV). Although ECV is an 
acceptable strategy, it has been shown to be associated with more

delivery complications and higher rates of cesarean delivery than 
breech extraction.122 Thus, provided the obstetrician is suffi- 
ciendy trained in breech extraction and the fetus is o f appro
priate size, breech extraction is the preferable option for 
achievement o f vaginal delivery with a nonvertex second twin 
(see Chapter 17).

Some obstetricians have voiced concerns regarding the safety 
of breech extraction and have questioned whether outcomes are 
equivalent to cesarean delivery. Chervenak and colleagues121 cite 
several older references in which depressed Apgar scores and 
increased perinatal mortality rates were associated with vaginal 
breech delivery of the second twin. However, in the same report, 
the authors analyze their own extensive experience, along with 
a review of the published literature, and conclude that breech 
extraction of a second twin is a safe and appropriate option if 
the EFW is more than 2000 g. Although the data supported the 
safety of breech extraction for babies who weigh more than 
1500 g, the investigators chose 2000 g— rather than 1500 g— 
to allow for the margin of error of an ultrasound-estimated fetal 
weight.

The safety of breech extraction for second twins is supported 
by what was until recently the only randomized trial of cesarean 
delivery versus breech extraction. Rabinovici and associates123 
randomized 66 women with vertex-nonvertex twins of more 
than 35 weeks’ gestation to vaginal delivery with breech extrac
tion or cesarean delivery. They found no differences in neonatal 
outcomes and no cases of birth trauma or neonatal death. Not 
surprisingly, maternal febrile morbidity was greater in the cesar
ean delivery group.

Several other large case series and cohort studies have also 
supported the safety of breech extraction of second twins. Gocke 
and colleagues122 retrospectively analyzed 136 sets of vertex- 
nonvertex twins with a birthweight higher than 1500 g in whom 
delivery of the second twin was managed by primary cesarean 
delivery, ECV, or primary breech extraction. No differences were 
noted in the incidence of neonatal mortality or morbidity 
among the three delivery modes, although ECV was associated 
with a higher failure rate than breech extraction along with a 
higher rate of nonreassuring FHR patterns, cord prolapse, and 
compound presentation. The authors concluded that primary 
breech extraction of a second nonvertex twin weighing more 
than 1500 g is a reasonable alternative to either cesarean delivery 
or ECV. Fishman and coworkers124 and Greig and colleagues12’ 
examined the records of more than 1200 twin gestations and 
concluded that no evidence supported cesarean delivery for non
vertex second twins who weighed more than 1500 g. In fact, 
Greig’s data did not show poorer outcomes even for babies who
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732 Section V Com plicated Pregnancy

weighed less than 1500 g delivered by breech extraction. None
theless, most experts recommend avoidance o f breech extrac
tions on second twins with EFWs o f less than 1500 g.

Two recent retrospective studies on mode of delivery for twins 
lend further support to the safety of breech extraction for second 
twins under appropriate circumstances and with experienced 
operators. Both studies were conducted in single institutions 
with strict protocols for active second-stage management and 
immediate breech extraction of the nonvertex second twin. 
Schmitz and colleagues126 performed a retrospective cohort 
study of 758 consecutive twin sets at more than 35 weeks’ gesta
tion with a cephalic-presenting twin. The investigators found 
that the neonatal composite morbidity for the second twin did 
not differ between planned cesarean and planned vaginal deliv
ery. The second, more recent study by Fox and coworkers127 
examined a retrospective cohort of 287 twin pregnancies from 
a single tertiary care academic medical center. Once again, fol
lowing a strict second-stage management protocol, all nonvertex 
second twins underwent immediate breech extraction, and all 
nonengaged vertex second twins were delivered by immediate 
internal podalic version and subsequent breech vaginal delivery. 
The study found no difference in the rates of 5-minute Apgar 
scores lower than 7 or a cord pH lower than 7.2 between the 
planned vaginal delivery (»  = 130) and planned cesarean delivery 
groups (n = 157). Both of these studies were retrospective and 
were conducted in a single center by experienced obstetricians 
using a strict protocol for second-stage management.

Another recent multicenter prospective study revealed similar 
results. In a prespecified secondary analysis of the ESPRiT study, 
Breathnach and colleagues128 analyzed perinatal outcomes by 
mode of delivery in 971 diamniotic twin pregnancies delivered 
at eight centers in Ireland. Decisions on timing and mode of 
delivery were deferred to the lead clinician managing each case 
and were not prespecified by the study protocol. O f those 971 
pregnancies, 441 (45%) were deemed to be appropriate for trial 
of labor. O f those 441 women, 338 (77%) had a successful 
vaginal delivery of both twins. The most common indication for 
cesarean delivery during a trial of labor was arrest of the first 
stage of labor. Breech extraction of the second twin was per
formed in 29% of those 338 successful vaginal deliveries, and 
no differences were found in perinatal outcomes by planned 
mode of delivery. W hen they analyzed predictors of successful 
vaginal delivery for both babies, only multiparity and spontane
ous conception were independently associated with successful 
vaginal birth. Four percent of women who underwent a trial of 
labor had vaginal delivery of the first twin and cesarean delivery 
of the second twin.

In 2013, a large randomized trial of delivery mode in twin 
pregnancies was published. This multicenter, multinational 
study randomized 2804 women pregnant with diamniotic twins 
and a cephalic-presenting first twin between 32 weeks 0 days and 
38 weeks 6 days gestation to either planned cesarean or planned 
vaginal delivery. The primary outcome was a composite o f  
fetal or neonatal death or serious morbidity. In the planned 
cesarean delivery group, 89.9% of women underwent cesarean 
delivery of both babies, and in the planned vaginal delivery 
group, 56.2% had successful vaginal delivery of both twins. In 
the planned vaginal group, 4.2% of women underwent vaginal 
delivery of the first twin and cesarean delivery of the second twin. 
The paper does not state how many women had vaginal breech 
delivery of the second twin, but 36.4% of the planned vaginal 
delivery group had twins in cephalic/noncephalic presentation

at the time of delivery. The results showed no difference in 
the primary outcome between the planned cesarean delivery 
and the planned vaginal delivery groups, nor were differ
ences in maternal morbidity found between the groups. In
a planned subgroup analysis, no difference was found in the 
primary outcome based on the presentation of the second twin 
(cephalic vs. noncephalic). W hen the data were analyzed by 
birth order, second twins did have a higher risk of the primary 
outcome (OR, 1.9; 95% CI, 1.34 to 2.69); however, cesarean 
delivery was not protective.129

The above retrospective and prospective data on mode of 
delivery in diamniotic twin gestations with a cephalic-presenting 
first twin, including two randomized trials, show that in 
selected women under appropriate conditions and with expe
rienced obstetricians and supporting staff, no benefit to 
routine cesarean delivery is evident. However, the importance 
of operator training and experience for safe vaginal delivery of 
twins cannot be underestimated, particularly when the second 
twin is in a nonvertex presentation. During the past decade, 
concerns about outcomes associated with singleton breech deliv
eries have led to virtual abandonment of vaginal delivery of 
breech-presenting singletons. As a consequence, fewer obstetri
cians are acquiring or maintaining the skills needed to safely 
perform vaginal breech deliveries.

Triplets
Although vaginal delivery is an option for patients with triplets, 
no large prospective studies have established its safety. Adequate 
monitoring of three fetuses throughout labor and delivery is 
challenging. As a result, elective cesarean delivery o f patients 
with three or more live fetuses o f viable gestational age is in 
most cases the optimal management strategy. Vaginal delivery 
of triplets should probably be restricted to those cases with 
EFWs greater than 1800 g, at least the first two triplets in a 
cephalic presentation, and obstetricians experienced in such 
deliveries.

INTRAPARTUM MANAGEMENT OF TWIN 
VAGINAL DELIVERY
Safe vaginal delivery o f multiples requires careful prepara
tion and multidisciplinary cooperation among obstetrics, 
anesthesia, nursing, and neonatology or pediatrics. On
admission to labor and delivery, both fetal presentations should 
be confirmed by ultrasound. If a recent (<1 to 2 weeks) 
ultrasound-estimated fetal weight for both babies is not avail
able, this should be obtained and documented. As discussed 
earlier, knowledge of the presentation, gestational age, and esti
mated weight of each twin permits the establishment of a plan 
regarding the anticipated route of delivery. Additionally, the 
discussion between obstetric providers and the patient regarding 
mode of delivery should be thoroughly documented in the 
medical record.

If a trial o f labor is elected, both fetuses should be continu
ously monitored. Although the woman may labor in a standard 
room, the delivery itself is best performed in an operating room 
(OR) in the event that general anesthesia or cesarean delivery is 
emergently needed. We typically transfer the patient to the 
OR bed for delivery. Epidural anesthesia for labor and deliv
ery is also advisable and is advocated by ACOG.3 The pain 
control afforded by an epidural enhances maternal cooperation, 
allows a wider range of obstetric procedures to be performed
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BOX 32-1 CHECKLIST FOR MANAGEMENT OF VAGINAL 
DELIVERY OF TWINS

Personnel and Location
• A vailability  o f a fu lly  staffed operating room  for the  

delivery w ith  staff capable of perform ing an em ergency  
cesarean delivery

• Skilled obstetric attendants present
• Anesthesiologist present at delivery
• Sufficient neonatal personnel fo r resuscitation o f tw o  

infants

Supplies
• Equipm ent to continuously m onito r both fetuses  

th roughout labor and delivery
• Portable ultrasound fo r in trapartum  use
• Prem ixed oxytocin
• M ethergine, 15-m ethyl P G F2o, and m isoprostol fo r  

postpartum  hem orrhage
• N itroglycerin and terbutaline  fo r uterine relaxation
• Obstetric forceps and vacuum  (including Piper forceps  

for a ftercom ing head)
• Blood products

quickly, and is available for anesthesia if  emergent cesarean deliv
ery becomes necessary. Box 32-1 provides a list of personnel and 
equipment that should be prepared for each planned vaginal 
delivery of a multiple gestation.

Time Interval Between Deliveries
Historically, many investigators have considered the time inter
val between delivery of the first and second babies to be an 
important intrapartum variable that affects the outcome of twin 
pregnancies. After delivery of the first twin, uterine inertia may 
develop, the umbilical cord of the second twin can prolapse, and 
placental abruption may occur; each of these poses a risk to the 
undelivered second twin. In addition, the cervix can constrict, 
making rapid delivery of the second twin extremely difficult if  
nonreassuring fetal status develops. Many reports have sug
gested that the interval between deliveries should ideally be
15 minutes or less and certainly not more than 30 minutes. 
Most of the data in support of this view, however, were obtained 
before the advent of continuous and dual intrapartum fetal 
monitoring capability.

Rayburn and associates130 reported the outcome of 115 second 
twins delivered vaginally at or beyond 34 weeks’ gestation after 
the vertex delivery of their co-twin. Continuous monitoring of 
the FHR was performed in all cases. Oxytocin was used if 
uterine contractions subsided within 10 minutes after delivery 
of the first twin. In this series, 70 second twins were delivered 
within 15 minutes of the first twin, 28 within 16 to 30 minutes, 
and 17 more than 30 minutes later. The longest interval between 
deliveries was 134 minutes. All of these infants survived, and 
none had a traumatic delivery. All 17 of the neonates delivered 
beyond 30 minutes had 5-minute Apgar scores between 8 and 
10. In another series reported by Chervenak and colleagues,131 
when the FHR of the second twin was monitored with ultra
sound visualization throughout the period between twin deliver
ies, no relationship was found between the length of the 
interdelivery interval and low 5-minute Apgar scores.

Although some second twins may require rapid delivery, 
most can be safely followed with FHR surveillance and can 
remain undelivered for substantial periods o f time. This less

hurried approach when the second twin is not demonstrating 
signs o f nonreassuring fetal status may reduce the incidence 
o f both maternal and fetal trauma associated with difficult 
deliveries performed to meet arbitrary deadlines.

SUMMARY

The patient who carries more than one fetus presents a 
formidable challenge to the obstetrician. The elevated 
maternal risk and perinatal morbidity and mortality seen 
in multiple gestations, compared with singletons, are due 
to a variety of factors, many of which cannot currently be 
altered. However, extraordinary technologic advances 
during the past 25 years have given us new insights into 
problems peculiar to multifetal pregnancies and has pro
vided tools with which to detect and treat those problems. 
Early diagnosis of multiple gestations, determination of 
chorionicity, and serial surveillance with ultrasound and 
antenatal testing offer the potential for administering spe
cialized regimens to selected patients, which we believe will 
lead to a beneficial impact on the outcome of those 
pregnancies.

KEY POINTS

♦ Twinning is one of the most common high-risk condi
tions in all of obstetrics. Both maternal and perinatal 
morbidity and mortality are significantly higher in mul
tifetal gestations than in singleton pregnancies.

♦ Chorionicity is a critical determinant of pregnancy out
come and management, and as such it should be ascer
tained by ultrasound as early in gestation as possible.

♦ Monochorionic pregnancies are at higher risk than 
dichorionic pregnancies and have increased rates of 
spontaneous abortion, congenital anomalies, IUGR, 
and IUFD in addition to a 10% to 15% risk for TTTS, 
a complication unique to monochorionic pregnancies.

♦ Multiple gestations benefit from specialized care, which 
includes attention to maternal nutrition and weight 
gain, serial assessment of fetal growth by ultrasound, 
and careful surveillance for signs of preterm labor.

♦ Routine bed rest, prophylactic tocolytics, prophylactic 
cerclage, prophylactic progesterone, and prophylactic 
pessary have not been shown to be effective in prolong
ing multiple gestations. However, none of these inter
ventions has been adequately studied in the highest-risk 
women based on prior obstetric history or current short 
cervical lengths.

♦ The nadir of perinatal complications and an increase in 
stillbirth risk occurs earlier in twin gestations than in 
singletons. Uncomplicated dichorionic twins appear to 
have the best outcomes between 37 and 38 weeks, and 
uncomplicated monochorionic diamniotic twin out
comes are best when delivery occurs between 36 and 37 
weeks. We recommend scheduled delivery at the later 
end of this range.

♦ Monoamniotic twin outcomes are best when managed 
with a combination of prophylactic antenatal cortico
steroids, hospitalization for daily fetal assessment, and 
elective cesarean delivery between 32 and 34 weeks.
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734 Section V Complicated Pregnancy

♦ Mode of delivery should take into account gestational 
age, fetal presentations, estimated weights, and the 
experience and skill of the obstetrician; a trial of labor 
is appropriate when both twins are vertex.

♦ Mode of delivery should be individualized for vertex- 
nonvertex twins, and cesarean delivery is optimal when 
the presenting twin is nonvertex.
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A bdom inal circum ference AC Intrauterine grow th  restriction IUGR

Absent end-diasto lic ve locity AEDV In traventricu lar hem orrhage IVH
A lpha-fetoprote in AFP Low b irthw e igh t LBW

A m nio tic  flu id  index AFI M ultip les o f the median MoM

A m nio tic  flu id  vo lum e AFV Necrotizing enterocolitis NEC
Average fo r gestational age AGA Neonatal intensive care unit NICU

Biophysical profile BPP Nonstress test NST

Biparietal d iam eter BPD Nucleated red blood cell NRBC
Cerebroplacental D oppler ratio CPR Placental g row th  factor PIGF
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The identification of pregnancies at risk for preventable perinatal 
handicap is a primary goal of the obstetric care provider. Preg
nancies in which adverse intrauterine conditions result in failure 
of the fetus to reach its growth potential constitute such a high- 
risk group. Next to prematurity, intrauterine growth restriction 
(IUGR) is the second leading cause of perinatal mortality.

Compared with appropriately grown counterparts, perinatal 
mortality rates in growth-restricted neonates are 6 to 10 
times greater; perinatal mortality rates as high as 120 per 
1000 for all cases o f IUGR and 80 per 1000 after exclusion 
o f anomalous infants have been reported. As many as 53%  
o f preterm stillbirths and 26%  o f term stillbirths are growth
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restricted. In survivors, the incidence of intrapartum asphyxia 
may be as high as 50%.' Prevention of some perinatal complica
tions that lead to adverse outcomes in growth-restricted fetuses 
is possible with appropriate prenatal identification and manage
ment. This chapter reviews normal and disturbed fetal growth, 
the definition of abnormal fetal growth, the impact of fetal 
growth restriction, and the incorporation of this knowledge into 
screening, diagnosis, and management of these high-risk preg
nancies. Intrauterine growth restriction (IUGR), fe ta l growth 
restriction (FGR), and small f o r  gestational age (SGA) are terms 
frequently used interchangeably when describing the small fetus.

REGULATION OF FETAL GROWTH
Fetal growth is regulated at multiple levels and requires success
ful development of the placental interface between maternal and 
fetal compartments. In the early first trimester, anchoring villi 
that originate from the cytotrophoblast connect the decidua to 
the uterus and thereby establish placental adherence. This allows 
formation of vascular connections between the maternal circula
tion and the intervillous space so that increasing quantities of 
placental secretory products can reach the maternal circulation 
(see Chapter 1).

The villous trophoblast becomes the primary placental site of 
maternal-fetal exchange. By 16 weeks’ gestation, the maternal 
microvillous and fetal basal layer are only 4 microns apart, 
posing little resistance to passive diffusion. Elaboration of active 
transport mechanisms for three major nutrient classes— glucose, 
amino acids, and free fatty acids—and an increase in the villous 
surface area raise the capacity and efficiency of active transpla
cental transport. Vascular throughput across the placenta also 
increases in the maternal and fetal compartments. Extravillous 
cytotrophoblast invasion of the maternal spiral arteries results in 
progressive loss of the musculoelastic media, a process paralleled 
on the fetal side by continuous villous vascular branching. This 
results in significant reduction o f blood flow resistance in the 
uterine and umbilical vessels, which converts both circula
tions into low-resistance, high-capacitance vascular beds. 
Owing to these developments, as much as 600 mL/min of 
maternal cardiac output reaches a placental exchange area of up 
to 12 m2 at term. In the fetal compartment this is matched with 
a blood flow volume of 200 to 300 mL/kg/min throughout 
gestation. This magnitude of maternal blood flow is necessary 
to ensure maintenance of placental function that is energy inten
sive and consumes as much as 40% of the oxygen and 70% of 
the glucose supplied. Optimal fetal growth and development 
depends on a magnitude of maternal nutrient and oxygen deliv
ery to the uterus that leaves sufficient surplus for fetal substrate 
utilization.

O f the actively transported primary nutrients, glucose is 
the predominant oxidative fuel, whereas amino acids are 
major contributors to protein synthesis and muscle bulk.
Glucose and, to a lesser extent, amino acids drive the insulin-like 
growth factors axis and therefore stimulate longitudinal fetal 
growth.

Concurrent development and maturation of the fetal circula
tion as a conduit for nutrient and waste delivery allows prefer
ential partitioning of nutrients in the fetus. Nutrient- and 
oxygen-rich blood from the primitive villous circulation enters 
the fetus via the umbilical vein. The ductus venosus (DV) is the 
first vascular partitioning shunt encountered. Through modula
tion in DV shunting, the proportion of umbilical venous blood

distributed to the liver and heart changes with advancing gesta
tion. Near term, 18%  to 25%  o f umbilical venous flow shunts 
through the DV to reach the right atrium in this high-velocity 
stream; 55%  reaches the dominant left hepatic lobe, and 
20%  reaches the right liver lobes (Fig. 33-1). The differences 
in direction and velocity of blood entering the right atrium 
ensures that nutrient-rich blood is distributed to the left ven
tricle, myocardium, and brain while low-nutrient venous return 
is distributed to the placenta for reoxygenation and waste 
exchange. This process o f blood distribution is referred to as 
preferential streamingr In addition to this overall distribution 
of left- and right-sided cardiac output, several organs can modify 
local blood flow to meet oxygen and nutrient demands by 
autoregulation.

When the milestones in maternal, placental, and fetal devel
opment are met, placental and fetal growth progress normally. 
The metabolic and vascular maternal adaptations promote a 
steady and enhanced nutrient delivery to the uterus, and placen
tal transport mechanisms allow for efficient bidirectional 
exchange of nutrients and waste. Placental and fetal growth 
across the three trimesters are characterized by sequential 
cellular hyperplasia, hyperplasia plus hypertrophy, and 
lastly, by hypertrophy alone. Placental growth follows a 
sigmoid curve that plateaus in midgestation preceding exponen
tial third-trimester growth of the fetus. During this exponential 
fetal growth phase of 1.5% per day, initial weight gain is due to 
longitudinal growth and muscle bulk and therefore correlates 
with glucose and amino acid transport. Eighty percent of fetal 
fat gain is accrued after 28 weeks’ gestation, providing essen
tial body stores in preparation for extrauterine life. From 32 
weeks onward, fat stores increase from 3.2% of fetal body weight 
to 16%, which accounts for the significant reduction in body 
water content.3

Several possible mechanisms may challenge compensatory 
capacity of the maternal-placental-fetal unit to such an extent 
that failure to reach the growth potential may be the end result.

DEFINITION AND PATTERNS OF 
FETAL GROWTH RESTRICTION
Normal fetal growth involves hyperplasia and hypertrophy 
on a cellular level. Disturbance o f fetal growth dynamics can 
lead to a reduced cell number, cell size, or both, ultimately 
resulting in abnormal weight, body mass, or body propor
tion at birth. The classification of abnormal growth has evolved 
significantly over the last century. From its modern origins in 
1919 when Yippo was the first to label neonates with a birth
weight below 2500 g as “premature” to the description of indi
vidualized growth potential, the recognition of the SGA neonate 
has advanced significantly. W ith the advent of ultrasound, the 
recognition and study of fetal growth abnormalities extended 
into the prenatal period. It is important to note that several 
definitions that describe abnormal growth are used interchange
ably in the obstetric and pediatric literature, but they do not 
necessarily describe the same population.

The terminology for classifying fetal growth disorders has 
specifically expanded over the last four decades, which has led 
to confusion among the various terms used. From the 1960s, 
growth has been classified by the absolute birthweight value 
as low birthweight (LBW; <2500 g), very low birthweight 
(VLBW; <1500 g), extremely low birth weight (ELBW; 
<1000 g), or macrosomia (>4000 g). Subsequently, studies by
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FIG 33-1 Fetal umbilical and hepatic venous circulation. The arrows indicate the direction of blood flow, and the color shows the oxygen content 
(red=  high, purple = medium, blue=  low). DV, ductus venosus; EPV, extrahepatic portal vein; FO, foramen ovale; GB, gallbladder; HV, hepatic 
vein; IVC, inferior vena cava; LPV, left portal vein; PS, portal sinus; RA, right atrium; RPV, right portal vein; UV, umbilical vein. (From Mavrides
E, Moscoso G, Carvalho JS, et al. The anatomy of the umbilical, portal and hepatic venous systems in the human fetus at 14-19 weeks of 
gestation. Ultrasound Obstet Gynecol. 2001 ;18:598.)

Lubchenco, Usher, Battaglia, and others demonstrated that only 
the comparison of the actual birthweight to the expected weight 
in a population at the same gestational age identified small 
neonates at risk for adverse outcome. Adopting this concept of 
“light” and “heavy” for gestational age served as an introduction 
of population-based reference ranges for birthweight in the 
1970s and allowed classification of growth by the birthweight 
percentile. This resulted in the currently accepted classifica
tion o f birthweight as very small fo r gestational age (VSGA; 
<3rd percentile), small fo r gestational age (SGA; <10th per
centile), average fo r gestational age (AGA; 10th to 90th percen
tile), or large fo r gestational age (LGA; >90th percentile). 
Although birthweight percentiles are superior in identifying the 
small neonate, they fail to account for proportionality of growth 
and the growth potential of the individual. Therefore neonates 
with a normal birthweight percentile but abnormal body pro
portion as a result of differential growth delay may be missed. 
Similarly, birthweight percentiles do not distinguish between the 
small neonate normally grown given his or her genetic potential 
and the neonate that is growth restricted because of a disease 
process.

The detection of abnormal body mass or proportions is based 
on anthropometric measurements and ratios that are relatively

independent of sex and race and, to a certain extent, gestational 
age and therefore also the traditional birthweight percentiles. 
The ponderal index ([birthweight in grams/crown heel length]3 
X 100) has a high accuracy for the identification o f SGA and 
macrosomia. The ponderal index correlates more closely with 
perinatal morbidity and mortality than traditional birthweight 
percentiles, but it may miss the proportionally small and lean 
growth-restricted neonate. Several studies are currently under
way to determine the most appropriate statistical methods to 
calculate the personalized growth potential across ethnicities. It 
is anticipated that these will improve the accurate prenatal iden
tification of the SGA fetus.

The classification of abnormal growth during fetal life marks 
a significant advance because it opens the possibility of prenatal 
detection that leads to preventive or therapeutic management. 
The concept of percentiles has been adapted to the ultrasound 
biometry of the fetus. Accordingly, parameters of head, abdomi
nal, and skeletal growth are related to population-based refer
ence ranges. The prenatal diagnosis of FGR based on ultrasound 
biometry is described in detail below.

In addition to the detection of smaller individual mea
surements and lower weight, two principal patterns o f dis
turbed fetal growth have been described: asymmetric and
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symmetric. In the asymmetric growth pattern, somatic growth
(e.g., the abdominal circumference [AC] and lower body) shows 
a significant delay, whereas there is relative or absolute 
sparing o f head growth. In the symmetric growth pattern, 
body and head growth are similarly affected. Asymmetric 
growth patterns result from two processes. First, liver volume is 
reduced because of depletion of glycogen stores as the result of 
limited nutrient supply, which leads to a decrease in AC. Second, 
elevations in placental blood flow resistance increase right cardiac 
afterload and promote diversion of the cardiac output toward 
the left ventricle because of the parallel arrangement of the fetal 
circulation and the presence of central shunts. Blood and nutri
ent supply to vital structures in the upper part of the body thus 
increase, presumably resulting in relative “head sparing.” Sym
metrically restricted fetal growth typically results when interfer
ence with the growth process results in decreased cell numbers 
and cell size, typically resulting from a first-trimester insult. As 
a result, all parts of the body are equally affected, which produces 
uniformly small growth.

The pattern o f fetal growth depends on the underlying 
cause o f growth delay and on the timing and duration o f the 
insult. Uteroplacental insufficiency is typically associated 
with asymmetric fetal growth delay owing to the aforemen
tioned mechanisms. Aneuploidy, nonaneuploid syndromes, 
and viral infections either disrupt the regulation o f growth 
processes or interfere with growth at the stage o f cell hyper
plasia. This typically results in a symmetric growth delay. 
Specific conditions such as skeletal dysplasia may produce dis
tinct growth patterns by their differential impacts on axial and 
peripheral skeletal growth. Because growth is dynamic, the 
pattern of growth restriction may evolve in the course of gesta
tion. Placental disease may initially present with relative head 
sparing but eventually progresses to symmetric growth delay as 
placental insufficiency worsens. Alternatively, the acute course 
of a fetal viral illness may temporarily result in arrested growth 
with subsequent resumption of a normal growth pattern.

Although the definition and classification of FGR has signifi
cantly evolved, research is still ongoing. Small fetal and neonatal 
sizes have to be considered as a physical sign rather than a spe
cific disease that warrants further investigation of underlying 
causes. Given that the term small f o r  gestational age simply iden
tifies a fetus below a specific weight cutoff without identifying 
any underlying cause, the SGA designation will be used for this 
chapter when no underlying cause is evident. The terms intra
uterine growth restriction and fe ta l growth restriction imply that 
some pathologic process has prohibited attainment of genetic 
growth potential, and these terms will be used accordingly in 
this chapter with a focus on underlying placental pathology. 
From the perspective of the managing obstetrician, prenatal 
identification of IUGR is most relevant because it allows appro
priate prospective fetal management. Conversely, prenatal iden
tification of the constitutionally small fetus will allow the 
obstetrician to reassure the patient. To formulate a uniform 
approach to prenatal detection and perinatal management, an 
understanding of the maternal and fetal impact of placental 
insufficiency is essential.

ETIOLOGIES OF INTRAUTERINE 
GROWTH RESTRICTION
The precise mechanisms by which various conditions interfere 
with normal placentation and culminate in either pregnancy loss

or IUGR are of great importance. Conditions that result in 
FGR broadly consist o f maternal, uterine, placental, and fetal 
disorders. These conditions result in growth delay by affecting 
nutrient and oxygen delivery to the placenta (maternal causes), 
nutrient and oxygen transfer across the placenta (placental 
causes), and fetal nutrient uptake or regulation of growth pro
cesses (fetal causes). In clinical practice, considerable overlap 
may occur between the conditions that determine manifestation, 
progression, and outcome.

Maternal causes o f FGR include vascular disease such as 
hypertensive disorders o f pregnancy, diabetic vasculopathy, 
collagen vascular disease, and thrombophilia and chronic 
renal disease. Abnormalities o f the fetus and/or placenta can 
also result in FGR. Chromosomal abnormalities, congenital 
malformations, and genetic syndromes have been associated 
with less than 10% of cases of IUGR.4 Similarly, although long 
recognized as a cause of growth restriction, intrauterine infection 
also accounts for less than 10% of all cases. However, genetic 
and infectious etiologies are o f special importance because 
perinatal and long-term outcomes are ultimately determined 
by the underlying condition, with little potential impact 
through perinatal interventions.

Growth restriction has been observed in 53% of cases of 
trisomy 13 and in 64% of cases of trisomy 18 and may be 
manifest as early as the first trimester. Other conditions that 
may present with FGR include skeletal dysplasia and de Lange 
syndrome. The online database of inheritance in man lists over 
100 genetic syndromes that may be associated with FGR. Of 
the infectious agents, herpes, cytomegalovirus (CM V), rubella, 
and Toxoplasma gond ii are well-documented causes of symmet
ric IUGR.

The common causes of IUGR are listed in Box 33-1. Recogni
tion of these is important in planning the diagnostic workup for 
specific underlying conditions.

Although it is beyond the scope o f this chapter to dis
cuss the spectrum o f clinical consequences, it needs to be

BOX 33-1 ETIOLOGIES AND RISK FACTORS FOR 
INTRAUTERINE GROWTH RESTRICTION

Maternal

• Hypertensive disease
• Pregestational diabetes
• Cyanotic cardiac disease
• A u to im m une  disease
• Restrictive pu lm onary  disease
• High a ltitude (>10,000 feet)
• Tobacco/substance abuse
• M alabsorptive  disease/m alnutrition
• M ultip le  gestation

Fetal

• Teratogenic  exposure
• Fetal infection
• Genetic disorders
• Structural abnorm alities

Placental

• Prim ary placental disease
• Placental abruption and infarction
• F’lacenta previa
• Placental m osaicism
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B
FIG 33-2 A, Uterine artery flow-velocity waveforms. Normal trophoblast invasion results in a low-resistance, high-capacitance placental vascular 
circulation that can be documented with uterine artery Doppler velocimetry. The flow-velocity waveform in A was obtained at 24 weeks' gesta
tion and shows high diastolic flow velocities. Such a flow pattern indicates successful trophoblast invasion. B, The second waveform shows 
lower diastolic velocities and an early diastolic notch (asterisks). This flow pattern is reflective of increased blood flow resistance in the spiral 
arteries and downstream placental vascular bed. Persistence of notching beyond 24 weeks gestation is associated with an increased risk of 
fetal growth restriction and/or hypertensive disorders of pregnancy.

recognized that the diagnosis and prognosis o f FGR in twin 
pregnancies is critically determined by the chorionicity (see 
Chapter 32). S elec tiv e  in tra u te r in e g row th  res tr ic tion  (sIUGR) 
is a specific term applied to FGR that occurs in monochori
onic twins. The prognosis and risk profile can be determined 
based on the umbilical artery flow pattern.^

MATERNAL AND FETAL MANIFESTATIONS 
OF INTRAUTERINE GROWTH RESTRICTION
The impact and clinical manifestations o f placental insuffi
ciency depend on the gestational age at onset and the severity 
and type o f the placental disease. Early interference with 
normal placentation affects all levels of placental and fetal devel
opment and culminates in the most severe clinical picture, 
which may result in miscarriage or early stillbirth. If sufficient 
supply to the placental mass can be established, further placental 
differentiation may be possible, but suboptimal maternal adap
tation to pregnancy and deficient nutrient delivery pose lim ita
tions. If adaptive mechanisms permit ongoing fetal survival, 
early-onset growth restriction with its many fetal manifestations 
develops. If placental disease is m ild or successful compensation 
has occurred, the consequences of nutrient shortage may remain 
largely subclinical, only to be unmasked through their restrictive 
effect on exponential fetal growth in the second to third trimes
ter. In these cases, late-onset growth delay, a decrease in adipose 
tissue, or abnormal body proportions at birth may be the 
consequence.

Maternal Impacts
Placental dysfunction affects several aspects of maternal adapta
tion to pregnancy. Associations between poor placentation with 
suboptimal maternal volume expansion, increased vascular reac
tivity, and a “flat” curve on the glucose tolerance test have been 
described. Abnormalities of placental vascular development are 
of special interest because they can be detected by Doppler 
ultrasound of the uterine arteries and frequently predate clinical

disease (Fig. 33-2). When trophoblast invasion remains confined 
to the decidual portion of the myometrium, maternal spiral and 
radial arteries fail to undergo the physiologic transformation 
into low-resistance vessels, which is generally expected by 22 
to 24 weeks. Maternal placental floor infarcts, fetal villous 
obliteration, and fibrosis each increase placental blood flow 
resistance, producing a maternal-fetal placental perfusion 
mismatch that decreases the effective exchange area. W ith 
progressive vascular occlusion, fetoplacental flow resistance is 
increased throughout the vascular bed, and eventually, metaboli- 
cally active placental mass is reduced. The diagnostic and screen
ing utility of ultrasound findings suggestive of such pathology 
are discussed below.

Fetal Impacts
When placental dysfunction compromises nutrient delivery and 
triggers fetal mobilization of hepatic glycogen stores, physical 
manifestation of growth delay becomes clinically apparent. In 
addition to the cardinal sign of FGR, metabolic, endocrine, 
hematologic, cardiovascular, and behavioral manifestations of 
placental insufficiency have been described that relate to the 
severity and duration of placental dysfunction. Of these, cardio
vascular and central nervous system (CNS) responses are best 
studied because their noninvasive assessment is readily achieved 
by multivessel Doppler, gray-scale ultrasonography, and fetal 
heart rate (FHR) analysis and can therefore be utilized for fetal 
surveillance. Appreciating the variety of fetal manifestations 
helps to understand the potential limitations of antenatal sur
veillance and provides a basis on which to appreciate the possible 
short- and long-term impacts of placental insufficiency.

Metabolic manifestations occur early in growth-restricted 
fetuses. This is because with mild to moderate decline in uterine 
nutrient delivery, fetal supply is compromised first, whereas 
placental nutrition is preferentially maintained. With progres
sion of placental insufficiency, nutrient deficits become universal 
and result in decreased fetal and placental size. Accordingly, with 
mild restrictions in oxygen and glucose supply, fetal demands
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742 Section V Complicated Pregnancy

are still met by increased fractional extraction. When uterine 
oxygen delivery falls below a critical value (0.6 mmol/min/kg 
fetal body weight in sheep), fetal oxygenation begins to 
fall and is eventually accompanied by fetal hypoglycemia.
The initially mild hypoglycemia results in a blunted fetal 
pancreatic insulin response that allows gluconeogenesis from 
hepatic glycogen stores. The minimal hepatic glycogen stores 
in the fetus are quickly depleted as glucose and lactate are 
preferentially diverted to the placenta. An increasing nutrient 
deficit leads to worsening fetal hypoglycemia, which decreases 
the maintenance of fetal oxidative metabolism and placental 
nutrition. W ith a more significant limitation of oxidative metab
olism associated with downregulation of placental transport 
mechanisms and intensifying hypoglycemia, the use of other 
fetal energy sources becomes necessary, and more widespread 
metabolic consequences ensue. Limitation of amino acid trans
fer and breakdown of endogenous muscle protein to obtain 
gluconeogenic amino acids depletes branched-chain and other 
essential amino acids.6 Simultaneously, lactate accumulates 
because of the limited capacity for oxidative metabolism. 
Placental transfer of fatty acids loses its selectivity, particularly 
for essential fatty acids. Reduced utilization leads to increased 
fetal free fatty acid and triglyceride levels with a subsequent 
failure to accumulate adipose stores. In this setting of advanc
ing malnutrition, cerebral and cardiac metabolism of lactate 
and ketones is upregulated to remove these accumulating 
products of anaerobic metabolism. Acid-base balance can be 
maintained as long as acid production is met by sufficient buff
ering capacity of fetal hemoglobin and an equal disposition 
by the various organs. Thus metabolic compromise pro
gresses from simple hypoglycemia, hypoxemia, and decreased 
levels o f essential amino acids to overt hypoaminoacidemia, 
hypercapnia, hypertriglyceridemia, and hyperlacticemia. 
The lactate production is exponentially correlated to the 
degree o f acidemia that generally results from this metabolic 
state. A  summary o f metabolic responses is provided in 
Table 33-1.

Fetal endocrine manifestations of placental insufficiency are 
relevant because they are responsible for the downregulation of 
growth and developmental processes. Decreases in fetal glucose 
and amino acids indirectly downregulate insulin and insulin-like 
growth factors (IGFs) I and II as the principal endocrine regula
tors of longitudinal growth. Leptin-coordinated deposition of 
fat stores is similarly affected. In addition, pancreatic cellular 
dysfunction becomes evident through a decreased insulin/ 
glucose ratio and impaired fetal glucose tolerance. Significant 
elevations of corticotropin-releasing hormone (CRH), adreono- 
corticotropic hormone (ACTH), and cortisol and a decline in 
active vitamin D and osteocalcin all correlate with the severity 
of placental dysfunction. These hormonal imbalances are 
believed to have additional negative impacts on linear and 
growth, bone mineralization, and the potential for postpar
tum catch-up growth.

In growth-restricted fetuses, declining function at all levels of 
the thyroid axis correlates to the degree of hypoxemia. Thyroid 
gland dysfunction may develop as indicated by low levels 
of thyroxine and triiodothyronine despite elevated thyroid- 
stimulating hormone (TSH) levels. In other instances, central 
production ofTSH may be responsible for fetal hypothyroidism. 
Finally, downregulation of thyroid hormone receptors may lim it 
the biologic activity of circulating thyroid hormones in specific 
target tissues such as the developing brain.8

TABLE 33-1 S U M M A R Y  OF M E T A B O L IC  RESPO N SES  
T O  P L A C E N TA L IN S U F F IC IE N C Y

SUBSTRATE CHANGE

Glucose

Amino acids

Fatty acids and 
triglycerides

Oxygen and 
carbon 
dioxide

Decreased proportional to the degree of fetal 
hypoxemia

Significant decrease in branched-chain amino acids 
(valine, leucine, isoleucine) as well as lysine and 
serine; in contrast, hydroxyproline is elevated. The 
decrease in essential amino acids is proportional to 
the degree of hypoxemia.

Elevated amniotic fluid glycine to valine ratio 
Elevations in amniotic fluid ammonia with a 

significant positive correlation with the fetal 
ponderal index 

Decrease in long-chain polyunsaturated fatty acids 
(docosahexaenoic and arachidonic acids), decrease 
in overall fatty acid transfer only with significant 
loss of placental substance 

Hypertriglyceridemia due to decreased utilization 
Lower cholesterol esters
Degree of hypoxemia proportional to villous damage; 

correlates significantly with hypercapnia, acidemia 
and hypoglycemia, and hyperlacticemia

Elevations in serum glucagon, adrenaline, and noradrenaline 
and stimulation of the fetal glucocorticoid axis have immediate 
effects that promote the mobilization of hepatic glycogen stores 
and peripheral gluconeogenesis. However, persistent alterations 
of these hormones may have a causative relationship with the 
development of diabetes and vascular complications in adult life.

Fetal hematologic responses to placental insufficiency 
are important because they initially provide a compensa
tory mechanism for hypoxemia and acidemia but eventually 
become contributory to the escalation o f placental vascular 
dysfunction. Fetal hypoxemia is a trigger for erythropoietin 
release and stimulation of red blood cell (RBC) production 
through both medullary and extramedullary sites, which results 
in polycythemia.9 Oxygen-carrying capacity and the buffering 
capacity are thus increased through the elevation in hemoglobin 
count. If extramedullary hematopoiesis is increasingly induced 
by prolonged tissue hypoxemia and/or acidosis, the nucleated 
red blood cell (NRBC) count rises owing to the escape of 
these cells from these sites. Thus elevated NRBC counts cor
relate with metabolic and cardiovascular status and are inde
pendent markers for poor perinatal outcome. In advanced 
placental insufficiency, more complex hematologic abnormali
ties supervene that may result from dysfunctional erythropoi
esis, placental consumption of platelets, and vitamin and iron 
deficiency. Subsequently, fetal anemia and thrombocytopenia 
are observed, particularly in fetuses with marked elevation of 
placental blood flow resistance and evidence of intraplacental 
thrombosis, which suggests a causative relationship. Increase 
in whole blood viscosity, decrease in RBC membrane flu
idity, and platelet aggregation may be important precur
sors in the acceleration o f placental vascular occlusion and 
dysfunction.10

Growth-restricted fetuses also show evidence o f immune 
dysfunction at the cellular and humoral level. Decreases in 
immunoglobulin, absolute B-cell counts, total white blood cell 
(W BC) counts, and neutrophil, monocyte, and lymphocyte 
subpopulations— as well as selective suppression ofT-helper and 
cytotoxic T  cells— are all related to the degree of acidemia. These 
immune deficiencies explain the higher susceptibility of growth- 
restricted neonates to infection after delivery.
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Fetal cardiovascular responses to placental insufficiency can 
be subdivided into early and late based on the degree of deterio
ration of cardiovascular status and the associated derangement 
of fetal acid-base balance (see below).11 Early respon ses  are typi
cally adaptive in nature and result in preferential nutrient 
streaming to essential organs. The combination of elevated 
placental blood flow resistance and impaired transplacental gas 
transfer has several effects on the fetal circulation. Normally, 
nutrient-rich oxygenated blood enters the fetus via the umbilical 
vein and reaches the liver as the first major organ. One of the 
earliest cardiovascular signs of placental insufficiency is a decrease 
in the magnitude of umbilical venous flow volume. In response 
to these changes in umbilical venous nutrition content and 
blood flow volume, the proportion of umbilical venous blood 
diverted through the ductus venosus toward the fetal heart 
increases.12 This change in venous shunting across the DV 
increases the proportion of nutrient-rich umbilical venous blood 
that bypasses the liver and reaches the left side of the heart 
through the foramen ovale.13 Because of the presence of central 
shunts at the level of the foramen ovale and ductus arteriosus, 
differential changes in downstream blood flow resistance can 
affect the proportion of cardiac output delivered through each 
ventricle (Fig. 33-3). Elevation of blood flow resistance in 
the pulmonary vascular bed and subdiaphragmatic circulation 
(lower body and placenta) increase right ventricular afterload. A 
drop in cerebral blood flow resistance decreases left ventricular 
afterload. As a consequence, shunting o f nutrient-rich blood 
from the DV through the foramen ovale to the left side o f 
the heart increases, and left ventricular output rises in rela
tion to the right cardiac output.14 At the aortic isthmus, blood 
coming from the right ventricle through the ductus arteriosus is 
diverted toward the aortic arch, thereby supplementing this 
central shift in cardiac output from right to left. This relative 
shift in cardiac output toward the left ventricle that results 
in increased blood flow to the myocardium and brachioce
phalic circulation has been termed red istr ib u tion , which 
indicates a compensatory mechanism in response to placen
tal insufficiency.

Late c ir cu la to ry  respon ses  are associated with deterioration 
of cardiovascular status and are predominantly observed in 
early-onset growth delay, which requires delivery prior to 34  
weeks.1’ Redistribution is only effective as long as adequate 
forward cardiac function is maintained. Marked elevations in 
placental blood flow resistance and progressive placental insuf
ficiency can lead to an impairment of cardiac function. When 
this occurs, several aspects of cardiovascular homeostasis can be 
affected. Ineffective preload handling and elevation in central 
venous pressure may result from ineffective redistribution, a 
measurable decline in cardiac output, and a decline in cardiac 
forward function. The hallmark of this advancing deterioration 
in cardiovascular state is loss of diastolic forward flow in the 
umbilical circulation and a marked decline of forward flow in 
the venous system.16 Finally, myocardial dysfunction and 
cardiac dilatation may result in holosystolic tricuspid insuf
ficiency and spontaneous FHR decelerations, followed by 
fetal demise.1

Fetal organs also have the ability to regulate their 
individual blood flow through autoregulation. Such auto- 
regulatory mechanisms have been identified in the myocar
dium, adrenal glands, spleen, liver, celiac axis, mesenteric 
vessels, and kidneys. These autoregulatory mechanisms are 
evoked at different levels of compromise and their effect is
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TABLE 33-2 A R TE R IA L  A N D  V E N O U S  DOPPLER IN D IC E S
INDEX CALCULATION

Arterial Doppler Indices
Systolic/diastolic (S/D) Systolic peak velocity

ratio Diastolic peak velocity

Resistance index (RJ) Systolic -  End-diastolic peak velocity 
Systolic peak velocity

Pulsatility index (PI) Systolic — End-diastolic peak velocity 
Time averaged maximum velocity

Venous Doppler Indices
Inferior vena cava preload Peak velocity during atrial contraction

index Systolic peak velocity

Ductus venosus preload Systolic -  Diastolic peak velocity
index Systolic peak velocity

Inferior vena cava and Systolic — Diastolic peak velocity
ductus venosus Time averaged maximum velocity
pulsatility index for 
veins (PIV)

Inferior vena cava and Systolic -  Atrial contraction peak velocity
ductus venosus peak Diastolic peak velocity
velocity index for veins 
(PVIV)

Percentage reverse flow Systolic time averaged velocity  ̂
Diastolic time averaged velocity

typically complementary to central blood flow redistribution by 
enhancing perfusion of vital organs as long as cardiovascular 
homeostasis is maintained. A summary of Doppler findings and 
their physiologic significance in the context of placental insuf
ficiency is provided in Table 33-2.

Fetal behavioral responses to placental insufficiency and 
characteristics o f the FHR reflect developmental status and 
undergo significant changes with advancing gestation. Progres
sive sophistication of fetal behavior and increasing variation of 
the FHR reflect differentiation of central regulatory centers and 
expansion of central processing capability. Normally, behav
ioral milestones progress from the initiation o f gross body 
movements and fetal breathing in the first trimester to cou
pling o f fetal behavior (e.g., heart rate reactivity) and integra
tion o f rest-activity cycles into stable behavioral states (states
1 through 4 F) by 28 to 32 weeks’ gestation (see Chapter 11). 
A steady decrease in baseline heart rate that reflects increasing 
vagal tone accompanies these developments. In addition, short- 
and long-term variability and variation, as well as the amplitude 
of accelerations, increase with advancing gestation, which reflects 
increased central processing. W ith the completion o f these 
milestones, heart rate reactivity by traditional criteria is 
present in 80% o f fetuses by 32 weeks’ gestation. Differences 
in maturational state and behavioral state, disruption of neural 
pathways, and declining oxygen tension may all modulate or 
even abolish fetal behavior or heart rate characteristics.

Because variations of fetal behavior and the FHR may be due 
to several factors, observation of several variables over a sufficient 
length of time is necessary to separate physiologic from patho
logic variation. Biophysical profile (BPP) scoring quantifies fetal 
behavior by assessing tone, movement, breathing activity, and
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- Ductus arteriosus

Subdiaphragmatic
vestibulum

R. hepatic vein

Ductus venous 

M. hepatic vein

Abdominal artery 

Umbilical vein

Placenta

FIG 33-3 Schematic presentation of the fetal circulation. This figure illustrates the serial partitioning of nutrient- and oxygen-rich blood reaching 
the fetus via the umbilical vein. The first partition at the level of the ductus venosus distributes the majority of umbilical venous blood to the 
liver. Umbilical venous blood that continues toward the heart is partitioned toward the left ventricle (LV) at the foramen ovale. This blood sup
plies the brain and upper part of the body via the brachiocephalic circulation and the myocardium via the coronary circulation. A minor proportion 
of blood from the right ventricle (RV) supplies the lungs, and the remainder continues through the ductus arteriosus toward the aorta. At the 
aortic isthmus bloodstreams coming from the aorta are partitioned based on the relationship of blood flow resistance in the brachiocephalic 
and subdiaphragmatic circulations. Whereas net forward flow is maintained under physiologic conditions, diastolic flow reversal occurs when 
brachiocephalic resistance falls and/or subdiaphragmatic (placental) resistance rises. Finally, the major proportion of descending aortic blood is 
partitioned at the umbilical arteries to return to the placenta for respiratory and nutrient exchange. LA, left atrium; RA, right atrium. (From Baschat 
AA. The fetal circulation and essential organs— a new tw ist to an old tale. Ultrasound Obstet Gynecol. 2006;27:349.)

FHR reactivity in an observation period of at least 30 minutes 
(see Chapter 11). Amniotic fluid volume (AFV) assessment has 
traditionally been a part of the BPP. From the second trimester 
onward, AFV is primarily related to fetal urine production and 
therefore renal perfusion (see Chapter 35). Thus AFV assess
ment provides an indirect assessment o f renal/vascular 
status and constitutes the main longitudinal monitoring

component o f the BPP (see below). Visual FHR analysis is 
associated with interobserver and intraobserver variability.
These are circumvented by computerized cardiotocography 
(cCTG) analysis of the fetal heart rate. The cCTG assesses short
term, long-term, and mean minute variation and periods of high 
variation in addition to traditional FHR parameters that also 
allow longitudinal observations.
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In growth-restricted fetuses with chronic hypoxemia and 
mild placental dysfunction, the primary CNS response is a 
delay in all aspects o f CNS maturation.18 W ith the help of 
computerized research tools, a delay in behavioral development 
has been documented under such circumstances. The combina
tion of delayed central integration of FHR control, decreased 
fetal activity, and chronic hypoxemia results in a higher baseline 
heart rate with lower short- and long-term variation (on com
puterized analysis) and delayed development of heart rate reac
tivity.19 These maturational differences in FHR parameters are 
particularly evident between 28 and 32 weeks.

Despite the maturational delay of some aspects of CNS func
tion, several centrally regulated responses to acid-base status are 
still preserved. Therefore the growth-restricted fetus still main
tains behavioral responses to a decline in acid-base status inde
pendently of the cardiovascular status. In contrast, the declining 
AFV that commonly accompanies the sequential loss o f bio
physical variables appears to be related to renal blood flow 
and the degree o f vascular redistribution.2"

W ith worsening fetal hypoxemia, a decline in global fetal 
activity initiates the cascade of late behavioral responses charac
teristic of placental insufficiency.21 W ith further deepening 
hypoxemia, fetal breathing movement ceases.

Gross body movements and tone decrease further until they 
are no longer observed in the traditional examination period.22'*'3 
Traditional FHR variables are frequently abnormal by this 
time. Reduction o f global fetal activity and loss o f fetal cou
pling (absence of heart rate reactivity and fetal breathing move
ments) are typically observed at a mean pH between 7 .10  and 
7.20. Loss of tone and movement is characteristic as the pH 
drops further. Late decelerations of the FHR may develop 
because of a relative drop in oxygen tension that exceeds 8 torr 
(see Chapter 15). Spontaneous decelerations as a result of direct 
depression of cardiac contractility or “cardiac” late decelerations 
typically herald fetal demise.

DIAGNOSTIC TOOLS IN FETAL 
GROWTH RESTRICTION
Fetal growth restriction is a syndrome marked by failure of 
the fetus to reach its growth potential with consequences 
related to the underlying disorder as well as the severity o f 
fetal disease. Because IUGR may be the consequence of many 
underlying etiologies, the differential diagnosis always includes 
maternal disease, placental insufficiency, aneuploidy, nonaneu- 
ploid syndromes, and viral infection. For appropriate patient 
counseling and choice of management options, comprehensive 
prenatal evaluation must go beyond the assessment of fetal size, 
utilizing a diagnostic approach aimed at identifying the underly
ing causes. After confirming small fetal size, stratification 
into three patient groups is o f particular importance. The 
first group consists o f constitutionally small but otherwise 
normal fetuses. These will not usually require any intervention 
and therefore do not need antenatal surveillance. The second 
group consists o f fetuses with aneuploidy, nonaneuploid 
syndromes, or viral infection. In these conditions, prognosis is 
largely determined by the underlying disease, with little poten
tial for impact by perinatal interventions. Sensitive and knowl
edgeable counseling of the parents about the likely prognosis in 
these conditions is especially important in such cases. The third 
group consists o f fetuses with placental disease in which 
progressive deterioration o f the fetal condition worsens the

prognosis. This subset of patients is most likely to benefit from 
fetal surveillance and subsequent intervention. Although gray
scale ultrasonography provides important clues to the presence 
of IUGR, the liability of preterm delivery and iatrogenic com
plications is great if  the diagnosis is based solely on biometry. 
Although maternal disease is readily apparent through a history 
and physical examination, the accurate evaluation of a possible 
fetal disorder and stratification of risk requires the integration 
of several diagnostic modalities that evaluate fetal, placental, and 
amniotic fluid characteristics.24"26

Fetal Biometry
Ultrasound criteria have emerged as the diagnostic standard used 
in the identification of FGR. For this purpose, sonographic 
measurements of fetal bony and soft structures are related to 
reference ranges for gestation. The primary measurements uti
lized to evaluate fetal growth include those of the fetal head, 
abdominal circumference, and long bones. The most important 
calculated ultrasound variable of fetal growth is the sonographi
cally estimated fetal weight (SEFW), and numerous investiga
tors have identified distinct fetal ultrasound parameters that are 
useful in the calculation of the SEFW.27 All of the techniques 
incorporate an index of abdominal size as a variable contributing 
to the estimation of fetal weight. Population-specific formulae 
have been derived to generate reference limits that generally 
have 95%  confidence limits that deviate approximately 15%  
around the actual value.

Accurate estimation of fetal growth from these fetal measure
ments requires knowledge of the gestational age as a reference 
point to calculate percentile ranks. An estimated date o f con
finement (EDC) should be based on the last menstrual period 
when the sonographic estimate o f gestational age is within 
the predictive error (7 days in the first, 14 days in the second, 
and 21 days in the third trimester). Once the EDC is set by 
this method or by a first-trimester ultrasound, it should not 
be changed because such practice interferes with the ability 
to diagnose IUGR.

Measurement o f the biparietal diameter (BPD) alone is a 
poor tool for the detection o f IUGR. The physiologic variation 
in size inherent with advancing gestation is high. The majority 
of growth-restricted fetuses who present with asymmetric growth 
restriction and delayed flattening of the cranial growth curve 
would be detected relatively late. Factors that interfere with a 
technically adequate measurement of the BPD include altera
tions of the cranial shape by external forces (oligohydramnios, 
breech presentation) and direct anteroposterior position of the 
fetal head.

The head circumference (HC) is not subject to the same 
extrinsic variability as the BPD. The measurement technique 
is important because calculated HC measurements are system
atically smaller than those directly measured, thus the nomo
gram selected should be based on measurements obtained 
using the same methodology. As a screening tool for IUGR, 
the HC poses a similar problem as the BPD in that two thirds 
of IUGR fetuses with asymmetric growth pattern would be 
detected late.

The transcerebellar diameter (TCD) is one of the few soft 
tissue measurements that correlate well with gestational age, 
being relatively spared from the effects of mild to moderate 
uteroplacental dysfunction.28 Whether its measurement offers 
any advantage over bony measurements in the assessment of 
compromised fetal growth is controversial.
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Gestation (weeks)

FIG 33-4 Growth chart in a case of asymmetric intrauterine growth 
restriction (IUGR). Although head circumference is preserved, abdom
inal circumference growth falls off early in the third trimester. For this 
reason, the head/abdomen (FI/A) ratio shown in the lower right corner 
of the graph becomes elevated. SD, standard deviation. (From Chudle- 
igh P, Pearce JM. Obstetric Ultrasound. Edinburgh: Churchill Living
stone; 1986.)

cm Symmetric IUGR

Gestation (weeks)

FIG 33-5 Growth chart in a case of symmetric intrauterine growth 
restriction (IUGR). Note the early onset of both head circumference 
and abdominal circumference growth restriction. For this reason, the 
head/abdomen (FI/A) ratio shown in the lower right corner remains 
normal. SD, standard deviation. (From Chudleigh P, Pearce JM. 
Obstetric Ultrasound. Edinburgh: Churchill Livingstone; 1986.)

The AC is the single best measurement for the detection of 
IUGR.29 The most accurate AC is the smallest directly measured 
circumference obtained in a perpendicular plane of the upper 
abdomen at the level of the hepatic vein between fetal respira
tions. The AC percentile has both the highest sensitivity and 
negative predictive value for the sonographic diagnosis of IUGR 
whether defined postnatally by birthweight percentile or pon
deral index. Using the 10th percentiles as cutoffs, the AC has 
a higher sensitivity (98% vs. 85%) but lower positive predic
tive value (PPV) than the SEFW (36% vs. 51%). Its sensitivity 
is further enhanced by serial measurements at least 14 days 
apart.30 Because of its high sensitivity, some type of abdominal 
measurement should be part of every sonographic growth evalu
ation. However, because the AC reflects fetal nutrition, it should 
be excluded from the calculation of the composite gestational 
age after the early second trimester.

Calculation of the ratio between the head and abdominal 
circumference (HC/AC ratio) has been proposed as a tool to 
increase detection of the fetus with asymmetric growth restric
tion (Figs. 33-4 and 33-5). In the normally growing fetus, the 
HC/AC ratio exceeds 1.0 before 32 weeks’ gestation, is approxi
mately 1.0 at 32 to 34 weeks’ gestation, and falls below 1.0 after 
34 weeks’ gestation. In fetuses with asymmetric growth restric
tion, the HC remains larger than that of the body and results 
in an elevated HC/AC ratio,31 whereas the ratio remains normal 
in symmetric IUGR, in which both direct measurements are 
equally affected (see Figs. 33-4 and 33-5). Using the HC/AC

ratio, 70% to 85% of growth-restricted fetuses are detected, with 
a reduction in false-negative diagnoses. Thus even when deter
mined in the latter part of pregnancy, a single set of measure
ments can be very helpful in evaluating the status of fetal growth. 
However, both the sensitivity and the PPV o f the HC/AC 
ratio for growth restriction does not equal either the AC 
percentile or the SEFW.32

W hen measurement of the H C is difficult because of fetal 
position, comparisons can be made of the femur length (FL)— 
which is relatively spared in asymmetric IUGR— to the AC. The 
FL/AC ratio is 22 at all gestational ages from 21 weeks to 
term; therefore this ratio can be applied without knowledge 
o f the gestational age. An FL/AC ratio greater than 23.5 sug
gests IUGR.

Several formulae have been devised to calculate the SEFW. 
Using a multifactorial equation and a measurement of abdomi
nal size, a weight can be predicted and related to gestational 
age. Formulae that incorporate the FL may increase the accuracy 
of in utero weight estimation for the fetus with IUGR. Because 
the SEFW cannot be measured directly but is calculated from a 
combination of directly measured parameters, the error in the 
estimate is increased. The accuracy o f most formulae (±2 stan
dard deviations [SDs]) is ± 10% , and none has proven supe
rior to the first devised by W arsof and reported by Sheppard. 
As noted earlier, the SEFW has a lower sensitivity but higher 
PPV than the AC and does not add to the AC percentile for 
the diagnosis of IUGR. However, an SEFW below the 10th
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Chapter 33 Intrauterine Growth Restriction 747

percentile provides a graphic image that makes it easy for both 
patient and referring physician to conceptualize. Therefore use 
of the estimated fetal weight (EFW) has become the most 
common method for characterizing fetal size and thereby 
growth abnormalities.

Reference Ranges That Define Fetal Growth
An absolute threshold to define IUGR can be applied to any 
of the fetal biometric parameters. These criteria have been sta
tistically defined, rather than outcome based, and use either a 
threshold percentile ranking (nonnormative data) or a number 
of standard deviations below the mean (normative data) as 
cutoffs. Sm all f o r  g e s ta t io n a l a g e  is defined as a birthweight 
below the population 10th percentile corrected for gesta
tional age. However, this cutoff has also been the most widely 
used criterion for defining growth restriction at birth. This 
definition has also been adopted for the prenatal period by 
using an SEFW below the 10th percentile as an indicator of 
IUGR. Because such an approach is purely based on a weight 
threshold, it can only serve as a screen for the identification of 
the small fetus at risk for adverse outcomes. Approximately 
70% o f infants with a birthweight below the 10th percentile 
are normally grown (i.e., constitutionally small) and are not 
at risk for adverse outcomes because they present one end 
of the normal spectrum for neonatal size.31 The remaining 
30% consist o f infants who are truly growth restricted 
and are at risk for increased perinatal morbidity and mor
tality. When the cutoff for an abnormal birthweight is adjusted 
to the 3rd percentile, the proportion of true growth-restricted 
infants identified increases, whereas some with milder forms 
of IUGR will be missed. The principal advantage of a lower 
percentile cutoff is the identification of fetuses at greatest 
need for antenatal surveillance. This is further emphasized by 
the increased mortality for birthweights through the 15 th per
centile with an odds ratio of 1.9 for mortality in newborns 
with birthweights between the 10th and 15th percentiles. 
Because the percentile cutoffs to define abnormal growth con
tinue to be a matter of debate, risk assessment based on weight 
alone is further hampered by discrepancies between the SEFW 
and the actual birthweight. Live birthweight criteria do not 
appropriately describe SEFWs, and a significant association 
of preterm birth with FGR is apparent.34 The weights of 
preterm infants are not normally distributed as they are at term, 
which produces a significant discrepancy between birthweight- 
defined growth curves and SEFW-defined growth curves in 
preterm gestation.3’ SEFW growth curves are generated 
from patient samples that represent the entire obstetric 
population at any gestational age. In contrast, preterm live 
birth normative data tables reflect only those individuals 
who have delivered under abnormal circumstances. Thus the 
SEFW growth curves consistently demonstrate higher fetal 
weights over the range of preterm gestation than do birthweight
generated growth curves. Therefore use o f an SEFW cutoff 
below the 10th percentile is more appropriate to define 
abnormal fetal growth because the ability to identify fetuses 
at greater perinatal risk is increased.3'' For the AC, a cutoff 
of the 2.5 percentile is appropriate because reference ranges 
are based on a cross section of small, appropriately grown 
preterm and term newborns. However, because reference limits 
are based on healthy women delivering appropriately nourished 
neonates at term, less than the 10th percentile cutoff is consis
tent with IUGR.

Because of the limitation of population-based reference ranges 
to assess fetal growth, individualized growth models have been 
proposed by several investigators.137 The obvious advantage is 
the lack of dependency on population-based normative data and 
the ability to detect a true, singularly defined growth restriction 
even with EFWs above the 10th percentile for the population. 
Some of these models require three sequential sonograms. This 
includes baseline biometry in the second trimester, a second 
sonogram to establish growth potential for an individual mor- 
phometric parameter, and a third scan to identify a growth 
abnormality. Because this approach is cumbersome in clinical 
practice, other models have been developed that account for 
variables that contribute the majority of the variance to newborn 
size. These include early pregnancy weight, maternal height, 
ethnic group, parity, and sex.1 Using these variables and fetal 
growth patterns, the estimated size of a fetus of a given mother 
can be projected at term and estimated at any specific point in 
gestation. Deviations from this projected growth pattern can 
then be recognized. Overall, the diagnostic advantages of these 
individualized growth models has been questioned when com
pared with the sequential comparison of the percentile ranking 
of individual or composite growth parameters to population- 
based growth curves.

Fetal growth, as opposed to fetal size, is a dynamic process 
that requires more than a single evaluation for its estimation. 
The appropriate observation interval for the evaluation of fetal 
growth has been based on the assumptions that growth is con
tinuous, rather than sporadic, and that the identification of 
growth is limited by the technical capability of the ultrasound 
equipment used to measure the fetus. The recommended inter
val between ultrasound evaluations o f fetal growth is 3 weeks 
because shorter intervals increase the likelihood o f a false- 
positive diagnosis.

In summary, the ability to correctly identify growth- 
restricted fetuses at risk for adverse outcome by weight esti
mates alone is limited. Individualized or sequential growth 
assessment performs better than a single measurement of 
fetal size. Improved stratification o f risk requires the integra
tion o f additional diagnostic tests.

Fetal Anatomic Survey
The sonographic survey of fetal anatomy may provide a clue 
to the underlying etiology of IUGR. The anatomic survey 
should focus on markers of aneuploidy, nonaneuploid syn
dromes, and fetal infection as well as structural malformations. 
The relationship between aneuploidy and fetal anomalies such 
as omphalocele, diaphragmatic hernia, congenital heart defects, 
and sonographic markers such as echogenic bowel, nuchal thick
ening, and abnormal hand positioning are discussed in Chapter 
9. Abnormalities of skull contour, thoracic shape, or dispropor- 
tional shortening of the long bones may be suggestive of a 
skeletal dysplasia. Markers for viral infection may be nonspecific 
but include echogenicity and calcification in organs such as the 
brain and liver.38 Identification of any of these abnormalities on 
ultrasound may help to establish a differential diagnosis and can 
impact the prognosis.

Amniotic Fluid Assessment
From the second trimester onward, regulation of AFV is primar
ily  dependent on fetal urine output, production of pulmonary 
fluid, and fetal swallowing (see Chapter 35). Placental dysfunc
tion and fetal hypoxemia both may result in decreased
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748 Section V Complicated Pregnancy

perfusion o f the fetal kidneys with subsequent oliguria and 
decreasing AFV.'1'1 Although the accuracy of ultrasound in the 
assessment of actual AFV is poor, two techniques are used that 
can provide important diagnostic and prognostic information.40 
A vertical pocket of amniotic fluid measuring 1 cm or more was 
historically considered indicative of an adequate fluid volume. 
Criteria for AFV assessment were subsequently broadened. A 
2-cm vertical pocket was considered normal, 1 to 2 cm was 
marginal, and less than 1 cm was decreased. Alternatively, AFV 
may be assessed by the sum of vertical pockets from the four 
quadrants of the uterine cavity. This four-quadrant amniotic 
fluid index (AFI) nomogram (see Fig. 33-3) is compared with 
gestational reference ranges. Despite the availability o f these 
numerical methods for estimating the AFV, an overall clinical 
impression o f reduced amniotic fluid may be most impor
tant. Ultrasound criteria for a subjectively reduced AFV include 
a maximum vertical pocket less than 3 cm, the fetus in a flexion 
attitude with limited room for movement, a small or empty 
bladder and stomach, and molding of the uterus around the fetal 
body. In addition, movement of the transducer frequently gener
ates uterine contractions, which may be associated with variable 
decelerations.

Overall, estimation of AFV in itself is a poor screening 
method for IUGR or fetal acidemia. However, in clinical prac
tice, it is an important diagnostic and prognostic tool. Oligohy
dramnios may be the first sign of FGR detected on ultrasonography 
preceding an assessment for lagging fetal growth. If gestational 
age is known, ultrasound assessment of fetal growth based on 
the HC, AC, FL, and SEFW can be performed. If gestational 
age is unknown, measurements o f the FL/AC ratio and a 
single amniotic fluid pocket have to be used because they are 
independent o f gestational age. Up to 96%  o f fetuses with 
fluid pockets less than 1 cm may be growth restricted.11 
When growth delay is already suspected, assessments of AFV can 
help with a differential diagnosis. In the setting of small fetal 
size, abundant AFV suggests aneuploidy or fetal infection, 
whereas normal or decreased amniotic fluid is compatible with 
placental insufficiency. The volume o f amniotic fluid also has 
prognostic significance for the course o f labor. Groome and 
colleagues12 demonstrated that oligohydramnios associated 
with fetal oliguria is associated with a higher rate o f intra
partum complications that may be attributed to reduced 
placental reserve.

Doppler Velocimetry
Similar to the assessment o f AFV, the role o f Doppler velo
cimetry in the management o f FGR is unique because it 
serves as a diagnostic, as well as a monitoring, tool. Doppler 
flow-velocity waveforms may be obtained from arterial and 
venous vascular beds in the fetus. Arterial Doppler wave
forms provide information on downstream vascular resis
tance, which may be altered because o f structural changes in 
the vasculature or regulatory changes in vascular tone. The 
systolic/diastolic (S/D) ratio, the resistance index (RI), and 
the pulsatility index (PI) are the three Doppler indices most 
widely used to analyze arterial blood flow resistance (see 
Table 33-2). An increase in blood flow resistance manifests with 
a relative decrease in end-diastolic velocity that results in an 
increase in all three Doppler indices. Of these, the pulsatility 
index has the smallest measurement error and narrower reference 
limits. W ith extreme increases in blood flow resistance, end- 
diastolic forward flow velocity may be absent or reversed, referred

to as absent end-diastolic velocity (AEDV) or reversed end-diastolic 
velocity (REDV; Fig. 33-6).

Venous Doppler parameters complement evaluation of 
fetal cardiovascular status by providing an assessment of 
cardiac forward function. Forward blood flow in the venous 
system is determined by cardiac compliance, contractility, and 
afterload and is characterized by a triphasic flow pattern that 
reflects pressure volume changes in the atria throughout the 
cardiac cycle.43 The descent of the AV ring during ventricular 
systole and passive diastolic ventricular filling generates the 
systolic and diastolic peaks respectively (the S-wave and the 
D-wave). The sudden increase in right atrial pressure with atrial 
contraction in late diastole causes a variable amount of reverse 
flow that produces a second trough after the D-wave (the a-wave; 
Fig. 33-7). The magnitude of forward flow during the atrial 
systole varies considerably in individual veins, and reversal may 
be physiologic in the inferior vena cava and hepatic veins but is 
always abnormal in the ductus venosus. Multiple venous 
Doppler indices have been described to characterize this 
complex waveform without any clear advantages o f individ
ual indices (see Table 33-2).

The vessels that are o f primary importance in the differen
tial diagnosis o f placental dysfunction are the umbilical 
artery (UA) and the middle cerebral artery (MCA). Random
ized trials and meta-analyses confirm that the combined 
use o f fetal biometry and UA Doppler significantly reduces 
perinatal mortality and iatrogenic intervention because 
documentation o f placental vascular insufficiency effectively 
separates growth-restricted fetuses that require surveil
lance and possible intervention from constitutionally small 
fetuses.114’45

A free umbilical cord loop is examined with continuous or 
pulsed Doppler ultrasound far from the fetal and placental inser
tions. Most current ultrasound equipment allows concurrent use 
of color and pulsed Doppler with improved reproducibility of 
measurements. Vascular damage that affects approximately 
30%  o f the placenta produces elevations in the Doppler 
index. More marked abnormalities result in umbilical artery 
AEDV or REDV. Milder forms o f placental vascular dysfunc
tion, especially near term, may not produce elevation of UA 
blood flow resistance sufficient to be detectable by traditional 
Doppler methods.41’ If placental gas exchange is significantly 
impaired, resulting in fetal hypoxemia, a decrease in MCA 
Doppler resistance may occur (Fig. 33-8). Another Doppler 
index frequently used clinically to detect this condition is the 
ratio between UA pulsatility as an index of vasoconstriction in 
the placenta and M CA pulsatility as an index of vasodilation in 
the fetal brain. In milder forms of placental disease with neat 
minimal increase in UA blood flow resistance, the cerebropla- 
cental Doppler ratio (CPR) may decrease. Grammellini and 
coworkers demonstrated that a value below 1.08 identified small 
fetuses at risk for adverse outcome. Subsequently, Bahado- 
Singh and coworkers1 indicated that the predictive accuracy 
of the CPR decreased after 34 weeks’ gestation. This is pre
sumably attributable to an increasing number of growth- 
restricted fetuses who may have normal UA blood flow 
resistance near term but demonstrate isolated “brain sparing” 
as the only sign o f placental insufficiency o f oxygen transfer. 
These fetuses are at risk for adverse outcomes.

Because of the variable presentation of IUGR across gestation, 
comprehensive Doppler assessment of placental function should 
include the umbilical and middle cerebral arteries. For the UA,

ak
us

he
r-li

b.r
u



Chapter 33 Intrauterine G rowth Restriction 749

A

B

D
FIG 33-6 Umbilical artery flow-velocity waveforms. A, The normal umbilical artery flow-velocity waveform has positive end-diastolic velocities 
that increase toward term, reflecting a falling blood flow resistance in the villous vascular tree. B, Moderate abnormalities in the villous vascular 
structure raise the blood flow resistance and are associated with a decline in end-diastolic velocities. When a significant proportion of the villous 
vascular tree is abnormal, end-diastolic velocities may be absent (C) or even reversed (D).

an abnormal test result is defined as a Doppler index measure
ment of greater than 2 SDs above the gestational age mean and/ 
or a loss of end-diastolic velocity. As with growth curves, it is 
best to use nomograms developed from a local or comparable 
population. For the CPR and also for the MCA, a greater than 
2-SD decrease of the index is considered abnormal. In a setting 
of small fetal size, these findings identify those fetuses at greatest 
risk for adverse outcome (Figs. 33-9 to 33-12).

Invasive Testing
Several invasive tests for the evaluation of the fetus with sus
pected growth restriction have been described. From a clinical

standpoint, only a few studies are of critical importance. 
These include maternal toxoplasmosis, other infections, rubella, 
CMV, and herpes infection (TORCH) serology and invasive 
fetal testing to obtain amniotic fluid and/or fetal blood for 
karyotyping or microarray analysis to rule out a chromosomal 
abnormality such as trisomies 13, 18, or 21 or a submicroscopic 
deletion or duplication (Table 33-3). Trisomy 18 may present 
with the unusual combination of growth restriction and poly
hydramnios (see Chapter 10). If the diagnosis of a lethal 
anomaly can be made with certainty, cesarean delivery for fetal 
distress is unnecessary and may be prevented. Viral polymerase 
chain reaction (PCR) studies can be performed if clinical
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D

FIG 33-7 Venous flow-velocity waveform. A typical venous flow- 
velocity waveform is shown. The triphasic waveform (systole [S], 
diastole [D], atrial contraction [a]) reflects volume flow changes during 
the cardiac cycle. With descent of the atrioventricular valves during 
ventricular systole, intraatrial pressures fall, and increased forward 
flow during the S-wave is observed. A temporary decrease in forward 
flow occurs when the atrioventricular valve ring ascends at the end 
of ventricular systole, producing the first trough in the flow-velocity 
waveform. When atrial pressures exceed intraventricular pressures, 
the atrioventricular valves open, resulting in the rapid influx of blood 
into the ventricles. The associated increase in venous flow results in 
the D-wave. With initiation of a new cardiac cycle, atrial contraction 
results in a sharp rise in intraatrial pressure and a decline in venous 
forward flow. This second trough is called the a-wave because it is 
produced by atrial contraction.

suspicion is based on the ultrasound examination or the mater
nal history.

In summary, ultrasound examination is the primary diag
nostic tool for the evaluation o f fetal growth. In the presence 
of risk factors and clinical conditions associated with IUGR, 
a comprehensive gray-scale ultrasound examination of fetal 
anatomy along with biometry and an assessment o f amniotic 
fluid characteristics is required. In the absence o f routine 
clinical indications, ultrasound screening o f these high-risk 
pregnancies should be performed in the first or early second 
trimester for dating and again at 32 to 34  weeks. If small 
fetal size is documented, Doppler ultrasound o f the umbili
cal and middle cerebral arteries and invasive tests when indi
cated are o f critical importance to identify fetuses most likely 
to benefit from antenatal surveillance and perinatal interven
tions. A diagnostic algorithm that utilizes this combination 
o f test parameters is depicted in Figure 33 -13.48

SCREENING AND PREVENTION 
OF FETAL GROWTH RESTRICTION
Fetal growth restriction as a disease entity fulfills several 
criteria that potentially justify a screening program. It is a 
common clinical problem with an identifiable predisease 
state that leaves enough time for potential interventions.
Although treatment options in utero are limited (see below), 
interventions that improve outcome exist. The various screening 
methods that have been proposed include identification of risk 
factors in addition to serum and ultrasound tests.

B
FIG 33-8 Middle cerebral artery flow-velocity waveform. A, The normal middle cerebral artery flow pattern has relatively little diastolic flow. With 
progressive placental dysfunction, an increase in the diastolic velocity results in a decrease in the Doppler index (brain sparing). B, With brain 
sparing, the systolic downslope of the waveform becomes smoother so that the waveform almost resembles that of the umbilical artery. The 
associated rise in the mean velocity results in a marked decline in the Doppler index.
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Chapter 33 Intrauterine Growth Restriction 751

FIG 33-9 Umbilical artery (UA) pulsatility index with advancing gesta
tional age. Displayed are the reference ranges (mean and 95% confi
dence interval).

Gestational age

FIG 33-12 Ductus venosus (DV) pulsatility index for veins with advanc
ing gestational age. This graph displays the gestational reference 
range (mean and 95% confidence interval) of the ductus venosus 
pulsatility index for veins calculated from cross-sectional data in 232 
normal singleton fetuses.

Gestational age

FIG 33-10 Middle cerebral artery (MCA) pulsatility index with advancing 
gestational age. The graph shows the mean and 95% confidence 
intervals.

Gestational age

FIG 33-11 Cerebroplacental Doppler ratio with advancing gestational 
age. This graph displays the gestational reference range (mean and 
95% confidence interval) of the cerebroplacental ratio based on paired 
measurements of the middle cerebral and umbilical artery pulsatility 
indices.

TABLE 33-3 CHROMOSOMAL ABNORMALITIES AND 
INTRAUTERINE GROWTH RESTRICTION

ULTRASOUND FINDINGS PRESENT a RNOR|v ia i

IUGR ANOMALY HYDRAMNIOS KARYOTYPE

x  12/180 (7%)
X  x  18/57 (32%)
x  X  6/22 (27%)
X _____________ X _______________ X _____________ 7/15 (47%)

From Eydoux P, Choisct, A, LePorrier, N, et al. Chromosomal prenatal diagnosis: study 
of 936 cases of intrauterine abnormalities after ultrasound assessment. Prenat D iagn.
1989:9:255.
IUGR, intrauterine growth restriction.

Maternal History
A history of poor pregnancy outcome is clearly correlated with 
the subsequent delivery of a growth-restricted infant. A prior 
birth o f a growth-restricted infant is the obstetric factor most 
often associated with the subsequent birth o f a growth- 
restricted infant. These study populations did include women 
with underlying medical problems. A retrospective study of 83 
multigravidas who had delivered growth-restricted infants noted 
that the perinatal wastage from their 200 prior pregnancies was 
41%. This striking figure, which includes spontaneous abortions 
as well as neonatal and intrauterine deaths, points to the signifi
cance of poor obstetric history as a risk factor for IUGR. The 
history o f delivery o f a growth-restricted infant in the first 
pregnancy is associated with a 25%  risk o f delivering a 
second infant below the 10th percentile. After two pregnan
cies complicated by IUGR, the risk is increased fourfold for 
birth of a subsequent growth-restricted infant. When all indices 
of risk have been applied, the one third of patients considered 
at highest risk for delivering a growth-restricted infant actually 
deliver over 60% of infants identified as growth restricted. The 
two thirds of women not considered at risk for delivering a 
growth-restricted infant contribute to one third of deliveries 
with a birthweight below the 10th percentile. The majority of 
these babies are considered constitutionally small.
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DIAGNOSTIC TEST RESULTS LIKELY DIAGNOSIS

SEFW <1 Oth percentile in 
combination with Doppler

Anatomy survey and 
amniotic fluid volume

Fetal anomaly 

Polyhydramnios

Aneuploidy 
Syndromes 
Viral infection

Normal anatomy, 
normal AFI, or 
oligohydramnios

Umbilical artery 
Middle cerebral artery Doppler

I
-------  Elevated index, A/REDV

-------------  Brain sparing

If both normal

Cerebroplacental ratio

Normal

Decreased ratio

Placental insufficiency

FIG 33-13 An integrated diagnostic approach to the fetus with suspected fetal growth restriction. This figure displays a decision tree following 
the evaluation of fetal anatomy, amniotic fluid volume, and umbilical and middle cerebral artery Doppler. The most likely clinical diagnosis based 
on the test results is presented on the right-hand side. A high index of suspicion for aneuploidy and viral and nonaneuploid syndromes needs 
to be maintained at all times. AFI, amniotic fluid index; A/REDV, absent/reversed end-diastolic flow; SEFW, sonographically estimated fetal 
weight. (Data from Unterscheider J, Daly S, Geary MP, et al. Optimizing the definition of intrauterine growth restriction: the multicenter prospec
tive PORTO Study. Am J Obstet Gynecol. 2013;208:290.e1-e6.)

Maternal Serum Analytes
At least four hormone/protein markers measured in the mater
nal sera during the early second trimester are associated with 
subsequent IUGR. These include serum estriol, human placen
tal lactogen (hPL), human chorionic gonadotrophin (hCG), 
and alpha-fetoprotein (AFP). Elevated maternal serum alpha- 
fetoprotein (MSAFP) and elevated hCG levels in the second 
trimester are considered markers of abnormal placentation and 
have been associated with an increased risk for IUGR.'49 Most 
studies conclude that a single, unexplained elevated value o f
2 to 2.5 multiples o f the median (MoM) raises the risk o f 
growth restriction fivefold to tenfold.

Several first-trimester serum analytes associated with early 
abnormalities in placenta angiogenesis and development have 
been identified. These show significant differences in their dis
tribution among pregnancies at risk of developing early-onset 
preeclampsia or FGR prior to 34 weeks’ gestation. O f these 
markers, a decrease in the pregnancy-associated plasma 
protein A (PAPP-A) or the placental growth factor (P1GF) 
have shown the most consistent predictive performance. The 
advantage of PAPP-A is the current commercial availability as 
part of the first-trimester screen for aneuploidy. In this setting, 
a decrease in the PAPP-A below 0.8 MoM is associated with an 
increased risk for subsequent placental dysfunction.

Clinical Examination
From the early second trimester on, each antenatal visit includes 
the measurement of the distance between the maternal uterine

fundus and the symphysis pubis. After 20 weeks’ gestation, the 
normal symphyseal-fundal height in centimeters approxi
mates the weeks’ gestation after allowances for maternal 
height and fetal station. After 20 weeks’ gestation, a lag of 
the symphyseal-fundal height o f 4 cm or more suggests 
growth restriction. The reported sensitivities of symphyseal 
fundal height screening for IUGR range from 27% to 85%, and 
the PPVs range from 18% to 50%. Although the measurement 
of the symphyseal fundal height is a poor screening tool for the 
detection of IUGR, the accuracy o f subsequent ultrasound 
prediction o f IUGR is enhanced i f  clinical suspicion of IUGR 
is based on a lagging fundal height.

Maternal Doppler Velocimetry
Abnormal uterine artery flow-velocity waveforms are a mani
festation o f delayed trophoblast invasion that are highly 
associated with gestational hypertensive disorders, IUGR, 
and fetal demise.1'1 Therefore, Doppler velocimetry of the 
uterine arteries has been examined for its usefulness in pre
dicting pregnancies destined to produce a growth-restricted 
fetus. In women with hypertensive disorders, the presence of an 
elevated uterine artery S/D ratio (>2 .6) and/or diastolic notch
ing increased the risk for IUGR and stillbirth (see Fig. 33-17). 
The changes in uterine artery flow patterns precede those 
observed in the umbilical artery and antedate FGR. Subse
quent studies used various cutoffs to define an abnormal test 
result. These include S/D ratios above 2.18 at 18 weeks, RI 
above 0.58 at 18 to 24 weeks, PI above the 95th percentile
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Chapter 33 Intrauterine Growth Restriction 753

(1.45) at 22 to 24 weeks, or the presence of notches. The screen 
positive rate ranges between 5% and 13% according to the 
gestational age and the criterion used to define an abnormal test 
result. In low-risk patients, a uterine artery Doppler resistance 
profile that is high, persistently notched, or both identifies 
women at high risk for preeclampsia and IUGR, with sensitivi
ties and PPVs as high as 72% and 35%, respectively, when 
performed between 22 and 23 weeks’ gestation. Uterine artery 
Doppler is better at predicting severe, rather than mild, disease. 
The likelihood ratio of abnormal uterine artery impedance for 
the development of IUGR was 3.7 with higher sensitivity for 
severe early-onset forms. Meta-analysis of the utility of uterine 
artery Doppler in the prediction of intrauterine death yields a 
likelihood ratio of 2.4 for patients with an abnormal result. 
Combining uterine artery Doppler velocimetry with other tests 
can improve screening sensitivities. The combination of abnor
mal second-trimester maternal uterine artery Doppler velocim
etry and maternal glucose tolerance testing that demonstrate a 
“flat” response results in a PPV of 94% and a sensitivity of 54% 
for FGR. The presence of a normal uterine artery flow-velocity 
waveform bears a high negative predictive value, with a likeli
hood ratio of 0.5 and 0.8 for the development of preeclampsia 
and IUGR, respectively.

Integrated Approach to Screening
Several markers reflect early failure of normal placental develop
ment in the first trimester. One marker is abnormal maternal 
cardiovascular adaptation to pregnancy, which results in a delay 
in the physiologic drop of mean arterial blood pressure (BP). 
Deficient trophoblast invasion is associated with a slower than 
anticipated drop in uterine artery blood flow resistance, and 
placental expression of analytes that relate to normal develop
ment is altered. When these markers are considered in isolation, 
their prediction of subsequent placental dysfunction is inaccu
rate. Therefore an integrated screening algorithm has been 
developed that uses multiple independent risk factors that 
include a prior history o f preeclampsia, maternal first- 
trimester body mass index (BMI), BP, uterine artery pulsatil
ity index, and the PAPP-A MoM. This combined model is 
capable of predicting early-onset preeclampsia or FGR with 
80% to 90% sensitivity and a 5% to 10% false-positive rate. 
Although the predictive accuracy of this algorithm needs to be 
confirmed in a variety of population settings, this approach 
offers the important advantage of early stratification of risk with 
potential for intervention.

Preventive Strategies
Efforts to prevent FGR have been disappointing. Low-dose 
aspirin has been extensively evaluated as a possible preventive 
agent for improving placental vascular development by virtue of 
its inhibitory action on platelet aggregation. However, whereas 
the use of aspirin in the second trimester has been found to 
be safe, initiation of therapy in the second trimester improves 
neither placental function nor long-term outcome. Because 
subsets of patients with a poor obstetric history appear to derive 
a benefit from aspirin, the utility of first-trimester uterine artery 
screening with subsequent aspirin therapy has been investigated. 
The choice of target population profoundly affects the utility of 
this approach. Although low-risk patients derive little benefit, 
high-risk patients— those with thrombophilia, hypertension, or 
a past history of either preeclampsia or IUGR—given low-dose 
aspirin because of bilateral uterine artery notching at 12 to 14

weeks experience an 80% reduction of placental disease com
pared with placebo-matched controls. However, only women 
who were initiated on aspirin before 16 weeks’ gestation derive 
a 50% to 60% reduction in the relative risk for development of 
preeclampsia or FGR.’ 1

It appears prudent to regard poor obstetric history, unex
plained elevations in second-trimester MSAFP, flat oral 
glucose tolerance curves, and abnormal second-trimester 
uterine artery Doppler velocimetry as important risk factors 
for IUGR that warrant further investigation when the clini
cal suspicion o f IUGR arises and/or maternal preeclampsia 
develops. Such patients should undergo ultrasound estima
tion o f fetal size and a full diagnostic workup i f  these factors 
are confirmed.

MANAGEMENT IN CLINICAL PRACTICE
Before developing a management plan, it is important that 
the major underlying etiologies have been addressed by a com
prehensive diagnostic workup as described above. It is worth 
stressing that the majority o f fetuses thought to be growth 
restricted are constitutionally small and require no interven
tion. Approximately 15%  exhibit symmetric growth restric
tion attributable to an early fetal insult for which there is no 
effective therapy. Here, an accurate diagnosis is essential. 
Finally, approximately 15%  o f small fetuses have growth 
restriction as a result o f placental disease or reduced utero
placental blood flow. Once the diagnosis of placental insuffi
ciency has been made, appropriate therapeutic options may be 
explored. However, ongoing assessment of fetal growth and 
parameters of fetal well-being is a more critical component of 
clinical management in defining the intervention thresholds 
when the balance of fetal versus neonatal risks favors delivery.

Therapeutic Options
Elimination of contributors such as stress, smoking, and alcohol 
and drug use is advocated. Tobacco smoke contains a number 
of substances that are vasoactive and can cause vasoconstriction. 
Anecdotally, the authors have observed cases of IUGR with 
absent end-diastolic flow in the umbilical artery in which dia
stolic flow returned upon cessation of maternal smoking. Non
specific therapies include bed rest in the left lateral decubitus 
position to increase placental blood flow. Although an inade
quate diet has not been clearly established as a cause of growth 
restriction in the United States, dietary supplementation may be 
helpful in those with poor weight gain or low prepregnancy 
weight. In patients with chronic malnutrition, improved fetal 
growth has been reported with total parenteral nutrition. Con
sideration should be given to hospitalized bed rest, which has 
the advantages of positive enforcement of rest and facilitation of 
daily fetal testing. The decision for inpatient versus outpatient 
management is based on the severity of the maternal and/or fetal 
condition and the local standard of care.

Maternal hyperoxygenation has been examined in several 
studies for potential benefits in the treatment of the compro
mised growth-restricted fetus. Studies by several groups confirm 
that maternal hyperoxygenation can raise the fetal cord blood 
pO2.52 Techniques used included administration of 55% oxygen 
by face mask or 2.5 L/min by nasal prong. Prolongation of 
pregnancy from the first recognition of the compromised fetal 
condition ranged from 9 days to 5 weeks. However, fetal growth 
velocity was not improved. In addition, fetuses subjected to
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oxygen therapy had more hypoglycemia, thrombocytopenia, 
and disseminated intravascular coagulation (DIC) compared 
with controls. The primary role of maternal hyperoxygenation 
may reside in the safe short-term prolongation of pregnancy to 
allow the administration of corticosteroids to reduce the risk of 
neonatal respiratory distress syndrome (RDS) and intraventricu- 
lar hemorrhage (IVH) in anticipation of a preterm delivery. 
There may also be benefit by gaining additional time in utero 
for improved survival and fetal maturity.

Maternal hyperalimentation as a means of intrauterine 
feeding of the growth-restricted fetus is an attractive therapeutic 
concept. Increasing the maternal concentration of amino acids 
leads to an increased umbilical uptake of some amino acids to 
the fetus, but no change is seen in the three essential amino 
acids: lysine, histidine, and threonine. These data further sup
port that total parenteral nutrition can reverse abnormal fetal 
growth secondary to maternal nutritional deprivation. However, 
it does not overcome abnormal placental function. Outcomes 
are neither improved in animal models nor in human pregnan
cies. Therefore maternal hyperalimentation only plays a role 
in patients in whom malnutrition has been established as the 
underlying cause of growth delay.

Maternal volume expansion as a therapeutic concept is based 
on the observation that poor maternal blood volume status is 
associated with adverse pregnancy outcome.53 In a small group 
of centrally monitored women with abnormal placental Doppler 
studies, volume expansion was associated with reappearance 
of umbilical artery end-diastolic velocities and a significant 
improvement of neonatal survival.

Low-dose aspirin in combination with dipyridamole admin
istered from 16 weeks’ gestation was first reported in 1987 by 
Wallenburg and Rotmans to significantly reduce the incidence 
of FGR in women with a history of recurrent IUGR. Women 
receiving therapy had a rate of FGR of 13%, compared with 
61% in an untreated control group. No treated woman had a 
child with severe growth restriction (birthweight <2.3 percen
tile) compared with 27% in the untreated group. In 1997, 
a meta-analysis o f the efficacy o f low-dose aspirin (50 to 
100 mg/day) demonstrated a significant reduction in the fre
quency o f IUGR when low-dose aspirin was used. A dose- 
dependent relationship is apparent: higher doses (100 to 
150 mg/day) were significantly more effective in preventing 
IUGR than were lower doses (50 to 80 mg/day).

Two recent randomized trials illustrate important consider
ations regarding the use of aspirin to prevent preeclampsia and 
IUGR. In a study of patients randomized at 24 weeks’ gestation 
based on the uterine artery flow-velocity waveform, low-dose 
aspirin was not associated with any improvement in placental 
function or perinatal outcome. Conversely, in patients with a 
poor obstetric history (thrombophilia, hypertension, history of 
either preeclampsia or IUGR) randomized at 12 to 14 weeks 
based on the uterine artery flow-velocity waveforms, those who 
received aspirin experienced an 80% reduction in placental 
disease compared with placebo-matched controls. Therefore it 
appears that aspirin works best in patients with significant 
risk factors for IUGR and that the therapeutic optimal 
window to commence aspirin therapy lies between 12 and 16  
weeks’ gestation when branching angiogenesis o f the pla
centa is ongoing.

Although the overall safety of aspirin has been documented 
in a large patient population, concerns about a possible associa
tion with abdominal wall defects have been raised with

administration in the early first trimester. Therefore, we suggest 
deferral o f indicated therapy until completion o f organogen
esis at 12 weeks’ gestation. Selected patients who present in the 
second trimester may still derive benefit from aspirin, and 
patients should be counseled on an individualized basis. Aspirin 
prophylaxis can be discontinued at any point after 34 weeks’ 
gestation because bleeding risks at delivery and during regional 
anesthesia outweigh the benefits of prolonging gestation.

Corticosteroids are a universally available antenatal thera
peutic option that positively affects outcome by enhancing 
lung maturation and preventing IVH. The impact of prenatal 
glucocorticoid administration on the neonatal complication rate 
in the growth-restricted newborn has recently been examined 
by Bernstein and coworkers35 in a study of 19,759 newborns 
between 500 and 1500 g. After controlling for a different set of 
confounding variables, this study demonstrated a significant 
reduction in neonatal RDS, IVH, and death when prenatal 
glucocorticoids were administered. These benefits were not 
qualitatively different from those observed in appropriately sized 
newborns. Other studies have also refuted that the “stress” 
o f the intrauterine condition enhances maturation and 
protects against prematurity. In contrast, a smaller study dem
onstrated no benefit to neonatal outcome when perinatal gluco
corticoids were used. Although these studies indicate the need 
for randomized comparison of management, they also clearly 
show no benefit from the omission of antenatal corticosteroids. 
We recommend administration o f a complete 48-hour course 
o f antenatal steroids to any growth-restricted fetus when 
delivery is anticipated before 34 weeks’ gestation, if this can 
be safely accomplished.

When corticosteroids are administered, it is important to 
account for their effect on fetal testing parameters when 
interpreting antenatal surveillance results. Betamethasone, 
for example, temporarily reduces FHR variation on days 2 
and 3 after the first injection, together with a 50% decrease 
in fetal body movements and a near cessation o f fetal breath
ing movements. Subsequendy, the number o f fetuses with 
abnormal BPP scores increases significandy by 48 hours after 
steroid administration, with a return to the preadministra
tion state at 72 hours.54 In contrast, maternal and fetal Doppler 
findings are not affected to the same degree during this period. 
A transient decrease in the M CA blood flow resistance has been 
reported 48 hours after betamethasone administration.

ASSESSM ENT OF FETAL WELL-BEING
Once the diagnosis of FGR has been made and the differential 
diagnostic options have been explored, fetal assessment is insti
tuted (see Chapter 11). Serial ultrasound evaluations of fetal 
growth are continued every 3 to 4 weeks and should include 
determinations o f the BPD, HC/AC ratio, fetal weight, and 
AFV. The institution of antenatal surveillance is a critical com
ponent in the management of the growth-restricted fetus. The 
goal is to avoid stillbirth and optimize the tim ing of delivery, 
which requires consideration of the appropriate intervention 
threshold and the choice of the appropriate surveillance inter
vals. Relationships between fetal testing parameters and subse
quent outcome determine the balance between fetal and neonatal 
risks and therefore define intervention thresholds. In contrast, 
changes in the rate of clinical progression determine the surveil
lance interval for patients where delivery is not yet indicated. 
Growth-restricted fetuses are at risk for worsening placental
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function, subsequent deterioration of acid-base status, decom
pensation, stillbirth, and long-term adverse health outcomes 
into adulthood. Although prevention of long-term morbidity is 
an attractive goal, information is insufficient on its relationships 
with prenatal variables to direct management with long-term 
outcomes in mind. O f the many short-term outcomes that have 
been related to fetal status, only a few are presently of clinical 
relevance. Fetal acidemia and major neonatal complications have 
a significant impact on subsequent neurodevelopment, whereas 
the combination of fetal and neonatal deaths determines the 
overall perinatal mortality.5'  The likelihood o f fetal acidemia 
and stillbirth is therefore the strongest fetal criterion for 
intervention. In contrast, gestational age-specific expecta
tions for neonatal complications and survival force conserva
tive management. Whereas neonatal complications are typically 
multifactorial and not accurately predicted prenatally, anticipa
tion of fetal risks remains as the primary goal. Therefore ante
natal surveillance tests need to predict fetal acid-base status, rate 
of anticipated progression, and the resulting risk for deteriora
tion and stillbirth. The monitoring tools available to achieve this 
include the traditional nonstress test (NST), contraction stress 
test, (CST), BPP scoring, and Doppler sonography.

Maternal Monitoring of Fetal Activity
Maternal monitoring of fetal activity has been used extensively 
in Great Britain, Scandinavia, and Israel for the assessment of 
pregnancies complicated by IUGR. Fetal activity charting in 
pregnancies complicated by FGR predicts subsequent dis
tress in labor.56 A simple technique for monitoring fetal move
ment is the minimum requirement of 10 movements in a 2-hour 
period. If this criterion is not met, additional testing is war
ranted. In an outpatient setting, maternal kick counts or fetal 
activity counts (FAC) supplement medically administered ante
natal surveillance. In compliant patients with an appropriate 
level of awareness of fetal movements, it may also be helpful in 
modifying monitoring intervals as fetal deterioration occurs.

Fetal Heart Rate Analysis
The traditional NST is a visually analyzed record of the FHR 
baseline, variability, and episodic changes. Normal FHR charac
teristics are determined by gestational age, maturational and 
functional status of central regulatory centers, and oxygen 
tension. A “reactive” NST exhibits two 15-beat accelerations 
above the baseline maintained for 15 seconds in a 30-minute 
monitoring period. W hen the NST is analyzed as part of the 
five-component BPP score, reactivity criteria that account for 
gestational age are applied (see below). Irrespective o f the 
context, a “reactive” NST indicates absence o f fetal acidemia 
at the moment o f the FHR recording. Many growth-restricted 
fetuses with a normal heart rate tracing can have low-normal 
pO2 values, but acidemia is virtually excluded by a reactive 
NST. Heart rate reactivity also correlates highly with a 
fetus not in immediate danger o f intrauterine demise. Non
reactive NST results, on the other hand, are often falsely 
positive and require further evaluation. The development 
of repetitive decelerations may reflect fetal hypoxemia or 
cord compression as a result o f the development o f oligohy
dramnios and has been associated with a high perinatal mor
tality rate.1

The CST is an additional option for testing placental respira
tory reserve.58 Positive CST results have been reported in 30% 
of pregnancies complicated by proven growth restriction. In one

study, 30%  o f growth-restricted infants had nonreactive NST 
results, and 40%  had positive CST results.11 Ninety-two 
percent o f IUGR infants with a nonreactive positive pattern 
exhibited perinatal morbidity. However, a 25%  to 50% false- 
positive rate has been associated with the CST by some inves
tigators. A possible role for the CST may be evaluation of 
placental reserve prior to induction in IUGR fetuses in whom 
vaginal delivery is attempted.

Marked intraobserver and interobserver variability of visual 
FHR analysis has been identified as a potential factor affecting 
the prediction of fetal status. Currently, traditional FHR param
eters and short- and long-term variation of the heart rate in 
milliseconds, length of episodes with low and high variation, 
and the rate of signal loss can be assessed by computerized 
analysis. The objective assessment of these variables circumvents 
the issue of observer variability, and a direct correlation between 
FHR variation and pO2 in the umbilical vein as assessed at 
cordocentesis prior to the onset of labor has been documented. 
A computerized documentation o f a mean minute variation 
below 3.5 msec has been reported to predict an umbilical 
artery cord pH less than 7.20 with over 90%  sensitivity. In 
addition, FHR variation usually decreases gradually in the 
weeks that precede the appearance o f late decelerations and 
fetal hypoxemia and is therefore the most useful computer
ized FHR parameter for longitudinal assessment in IUGR. 
As with the traditional NST, gestational age, time of day, and 
the presence of fetal rest-activity cycles also need to be taken into 
account in the interpretation of computerized results. Wide 
normal ranges are apparent for FHR patterns and their varia
tions, but the individual fetus shows a certain intrafetal consis
tency throughout gestation. For monitoring of trends, each fetus 
should therefore serve as its own control, using recordings of 
standardized duration and appropriate reference ranges.

In summary, a visually reactive FHR provides assurance o f 
fetal well-being at the time of analysis. Whereas the traditional 
NST is most sensitive in the prediction of fetal normoxemia, 
computerized analysis appears to be superior in the prediction 
of hypoxemia and acidemia. Once traditional reactivity is lost, 
computerized analysis of heart rate variation is a potential tool 
available for ongoing longitudinal analysis. Computerized FHR 
analysis is more widely used in Europe. FHR analysis itself does 
not assess the severity of disease and most importantly does not 
anticipate the rate of deterioration; therefore frequency of sur
veillance cannot be based on FHR testing. To address these 
issues, additional fetal tests are available.

Amniotic Fluid Volume
In the context o f fetal surveillance, assessment o f AFV pro
vides an indirect measure o f vascular status. A  relationship 
between oligohydramnios and progressive deterioration o f 
arterial and venous Doppler studies has been documented in 
growth-restricted fetuses and prolonged pregnancies.

Therefore declining AFV is suggestive of ineffective down
stream delivery of cardiac output and allows some form of 
longitudinal monitoring even in the absence of Doppler studies. 
I f the NST is reactive, a concurrent assessment o f the AFV 
constitutes the modified biophysical profile (MBPP) and pro
vides assurance o f fetal well-being i f  both parameters are 
normal. Interventions based on twice-weekly MBPP scores 
result in similar perinatal outcomes as with weekly contraction 
stress testing and therefore have largely replaced the latter. When 
the FHR is nonreactive, relying on a normal AFV assessment
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756 Section V Complicated Pregnancy

alone is inadequate, and a full BPP that incorporates 
multiple parameters o f fetal well-being should be done 
because o f its superior performance in identifying jeopar
dized fetuses.

Biophysical Parameters
The five-component fetal BPP was developed by Manning 
and colleagues and has been widely used in the surveillance 
of growth-restricted fetuses. A graded system is applied to cat
egorize fetal tone, movement, breathing movement, heart rate 
reactivity, and a maximum amniotic fluid pocket as normal (2 
points) or abnormal (0 points). If used in the context of the 
BPP, fetal heart rate reactivity criteria that account for gesta
tional age are used. R ea ctiv ity  has been defined prior to 32 
weeks’ gestation as accelerations greater than 10 beats/min 
sustained for more than 10 seconds; between 32 to 36 weeks’ 
gestation, accelerations greater than 15 beats/min sustained 
for more than 15 seconds; and after 36 weeks’ gestation, 
accelerations greater than 20 beats/min sustained for more 
than 20 seconds. In anatomically normal fetuses, the presence 
of the dynamic variables is related to physiologic variations 
in maturation and behavioral state as well as acid-base status. 
Vintzileos and coworkers have demonstrated that four compo
nents of the BPP are affected at different levels of hypoxemia 
and acidemia. The earliest manifestations of abnormal fetal 
biophysical activity consist of the loss of heart rate reactivity 
along with the absence of fetal breathing. This is followed by 
decreased fetal tone and movement in association with more 
advanced acidemia, hypoxemia, and hypercapnia. Because of 
the relationship between AFV and vascular status, amniotic 
fluid assessment provides the only marker o f chronic hypox
emia and is the only longitudinal monitoring component 
o f the BPP.

Growth-restricted fetuses preserve acute central responses 
to acid-base status despite their maturational delay and are at 
risk for oligohydramnios. The five-component BPP accounts 
best for physiologic and individual variations in behavior 
and therefore remains closely related to arterial pH in fetuses 
with IUGR without anomalies from 20 weeks onward.60 
An abnormal score o f 4 or less is associated with a mean 
pH o f less than 7.20, and sensitivity in the prediction of 
acidemia is 100%  for a score o f 2 or less. A normal score and 
normal AFV indicate the absence o f fetal acidemia at the time 
of testing. Longitudinal observations in growth-restricted 
fetuses have shown that the BPP deteriorates late and often 
rapidly. 11 Whereas an abnormal BPP is associated with escalat
ing risks for stillbirth and perinatal mortality, a normal score 
allows no anticipation of fetal deterioration and stillbirth.

In summary, assessment o f fetal biophysical variables pro
vides an accurate measure o f fetal status at the time o f testing. 
In the patient with a nonreactive NST, a full five-component 
BPP must be performed. As a back-up test for a nonreactive 
FHR test, the BPP leads to lower rates of intervention, when 
compared with the CST, without jeopardizing perinatal outcome. 
In the presence of normal AFV, a normal BPP of 8 (—2 for a 
nonreactive NST) or 10 is reassuring of fetal well-being. Never
theless, in the absence of knowledge about placental vascular 
status, the rate of progression cannot be anticipated and may 
require even daily testing in severe IUGR. The development of 
oligohydramnios is concerning and frequently requires modifi
cation of management or delivery. The knowledge of fetal 
Doppler status is complementary to BPP because it improves

the anticipation of fetal deterioration and provides an additional 
means to assess fetal state.61

Doppler Ultrasound
Doppler parameters are influenced by several variables that 
include vascular histology and tone and fetal blood pressure. 
Placental respiratory function is related to the integrity of the 
villous vasculature, and a decrease in arterial pO2 can trigger 
autoregulatory adjustments of vascular smooth muscle tone. As 
diagnostic tools, elevated umbilical artery blood flow resistance 
and/or M CA brain sparing provide evidence of placental dys
function. The utility of Doppler ultrasound in the assessment of 
fetal well-being is based on the relationship between Doppler 
parameters with metabolic status, rate of disease progression, 
and the risk for stillbirth. This utility is greatest for early-onset 
growth restriction, which is associated with more marked 
Doppler abnormalities than late-onset disease that requires 
delivery after 34  weeks, especially in early-onset placental 
dysfunction.18'6' Distinction between early and late fetal vascu
lar responses to placental insufficiency provides a useful frame
work within which to estimate these risks.

Early respon ses  to placental insufficiency are observed in 
mild placental vascular disease when umbilical artery end- 
diastolic velocity is still present. A decrease in the CPR provides 
an early and sensitive marker of redistribution of cardiac output 
that often precedes overt growth delay by up to 2 weeks. The 
reduction of fetal growth velocity generally mirrors the elevation 
in umbilical artery blood flow resistance and is followed by 
decreasing M CA impedance (brain sparing). The nadir of cere
bral blood flow resistance is typically reached after a median of
2 weeks and is followed by an increase in aortic blood flow 
impedance.63 Early cardiovascular responses are considered 
compensatory because they occur at a time when cardiac 
function is normal, and they are typically accompanied by 
preferential perfusion o f vital organs and the placenta. 
Although the fetus may be hypoxemic, the risk for acidemia 
is low.

Late respon ses  to placental insufficiency are observed when 
accelerating placental disease results in loss or reversal of umbili
cal artery end-diastolic velocity, and when fetal deterioration 
becomes evident through parallel elevations in placental blood 
flow resistance and venous Doppler indices. Although the 
development o f abnormal venous blood flows has been docu
mented in many veins, the precordial veins— including the 
ductus venosus, the inferior vena cava, and the umbilical 
vein— are typically utilized in clinical practice (Figs. 33-14 
and 33-15). When fetal compromise accelerates, a further steady 
rise is seen in umbilical blood flow resistance; venous Doppler 
indices escalate over a wide range, and the development of oli
gohydramnios and metabolic academia is characteristic of inef
fective downstream delivery of cardiac output.64 In the final 
stages of compromise, cardiac dilatation with holosystolic tricus
pid insufficiency, complete fetal inactivity, short-term heart 
rate variation below 3.5 ms, and spontaneous “cardiac” late 
decelerations of the FHR can be observed as preterminal events 
(Fig. 33-16).65

In the past, the major focus of Doppler studies for the assess
ment of fetal health has been the umbilical circulation. The 
association between an elevation in Doppler blood flow indices 
in the UA, increased disturbance of placental perfusion, and the 
deterioration of fetal acid-base status proportional to the degree 
of the Doppler abnormality has been demonstrated by several
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G
FIG 33-14 Normal and abnormal precordial venous flow-velocity waveforms. The inferior vena cava and ductus venosus are the most commonly 
evaluated precordial veins, whereas the umbilical venous flow-velocity waveform is predominantly assessed qualitatively. A, The inferior vena 
cava shows the typical triphasic pattern with systolic and diastolic peaks (S, D, respectively). B, The a-wave may be reversed under physiologic 
conditions. C, An abnormal inferior vena cava flow-velocity waveform shows a relative decrease in forward flow during the first trough, the 
D-wave, and the a-wave. D, Under extreme circumstances, flow may be reversed during the first trough (asterisks). E, In contrast to the inferior 
vena cava, the ductus venous has antegrade blood flow throughout the cardiac cycle with forward velocities during the S-, D-, and a-waves.
F, A decrease in atrial systolic forward velocities (asterisks) is the first sign of abnormality and results in an increased Doppler index. G, With 
marked elevation of central venous pressure, blood flow may reverse during atrial systole.

ak
us

he
r-li

b.r
u



A

B

C

D
FIG 33-15 Normal and abnormal umbilical venous flow velocity. Umbilical venous blood flow is usually constant (A). Monophasic umbilical venous 
pulsations (asterisks) may be observed with moderate elevations of placental blood flow resistance and/or oligohydramnios (B). Retrograde 
propagation of increased central venous pressure first results in biphasic and then triphasic pulsations (C and D, respectively).

investigators. In the fetal compartment, elevation of the UA 
Doppler index is observed when approximately 30%  o f the 
fetal villous vessels are abnormal. Absence or even reversal 
o f UA end-diastolic velocity can occur when 60%  to 70%  of 
the villous vascular tree is damaged.1’1’ Incidences o f intra
uterine hypoxia that range from 50%  to 80%  in fetuses with 
absent end-diastolic flow have been reported. The benefit 
of UA Doppler in management has been documented in ran
domized controlled trials and meta-analyses. In these studies, 
when used in conjunction with standard antepartum testing, 
UA Doppler was associated with a decrease o f up to 38%  
in perinatal mortality, antenatal admissions, inductions of 
labor, and cesarean deliveries for fetal distress in labor in 
women considered at high risk. However, several studies that 
have examined the cerebral and especially the venous circulation 
have provided greater insight into the relationships between 
Doppler abnormality and outcome. Previous work has reported 
that development of umbilical venous pulsations in fetuses 
with absent end-diastolic velocities in the UA was associated 
with a fivefold increase in mortality. Arduini and colleagues67 
demonstrated that gestational age at onset, maternal hyperten
sion, and the development of pulsations in the umbilical venous 
velocities were significantly correlated with the interval of time 
between diagnosis and delivery for late decelerations of the 
FHR. Subsequently, several studies have confirmed that fetuses

with abnormal arterial velocities who also developed abnor
mal precordial venous velocities had a higher morbidity and 
mortality than fetuses without abnormal venous flow.68 These 
studies and subsequent analyses confirm that fetal Doppler 
assessment based on the UA alone is no longer appropriate, 
particularly in the setting o f early-onset IUGR prior to 34 
weeks. Incorporation o f MCA and venous Doppler provide 
the best prediction o f acid-base status, risk o f stillbirth, and 
the anticipated rate o f progression.

In growth-restricted fetuses with an elevated Doppler index 
in the UA, brain sparing in the presence o f normal venous 
Doppler parameters is typically associated with hypoxemia 
but a normal pH. Elevation of venous Doppler indices, either 
alone or in combination with umbilical venous pulsations, 
increases the risk for fetal acidemia. This association is strength
ened by serial elevations of the ductus venosus Doppler index. 
Depending on the cutoff (2 vs. 3 SD) and the combinations 
of veins examined, sensitivity for prediction of acidemia ranges 
from 70% to 90%, and specificity from 70% to 80%. Abnormal 
venous Doppler parameters are the strongest Doppler pre
dictors o f stillbirth. Even among fetuses with severe arterial 
Doppler abnormalities (e.g., AEDV or REDV), the risk of 
stillbirth is largely confined to those fetuses with abnormal 
venous Dopplers.68 The likelihood of stillbirth increases with 
the degree of venous Doppler abnormality. Particularly ominous
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FIG 33-16 Longitudinal progression of antenatal testing variables. This 
figure displays trends in arterial and venous Doppler parameters 
(DAO, descending aorta; DV, ductus venosus; IVC, inferior vena cava; 
MCA, middle cerebral artery; PI, pulsatility index; PIV, pulsatility index 
for veins; UA, umbilical artery), amniotic fluid index (AFI), and com
puterized fetal heart rate short-term variation (STV) in relation to deliv
ery expressed as standard deviation for growth-restricted fetuses 
delivered before 32 weeks' gestation. The graph demonstrates that 
arterial Doppler parameters may be abnormal for more than 5 weeks 
prior to delivery, whereas venous Doppler parameters and the short
term variation deteriorate in the week prior to delivery for fetal indica
tions. (From Hecher K, Bilardo CM, Stigter RH, et al. Monitoring of 
fetuses with intrauterine growth restriction: a longitudinal study. Ultra
sound Obstet Gynecol. 2001 ;18:564.)

venous Doppler findings are absence or reversal of the ductus 
venous a-wave and biphasic/triphasic umbilical venous pulsa
tions. In the setting of a 25% stillbirth rate in a population 
with preterm severe IUGR, these Doppler findings have a 65% 
predictive sensitivity and 95% specificity.6’

Although neonatal morbidity is primarily determined by ges
tational age at delivery, and neonatal mortality is the product of 
several factors, both of these outcomes are also related to fetal 
Doppler studies. Arterial redistribution and brain sparing are 
not associated with a significant rise in major neonatal complica
tions. In contrast, a 2-SD elevation of the DV Doppler index is 
associated with a threefold increase in neonatal complications, 
and further escalation of DV Doppler indices leads to an elev
enfold increase in this relative risk. The neonatal mortality rate 
in fetuses with absent or reversed UA end-diastolic velocity 
ranges from 5% to 18%  when the venous Doppler indices 
are normal. Elevation o f the DV Doppler index greater than
2 SDs doubles this mortality rate, although predictive sensi
tivity is only 38%  with a specificity o f 98%.

In summary, Doppler evaluation of the umbilical, cerebral, 
and precordial vessels of the growth-restricted fetus provides 
important diagnostic and prognostic information. Fetal acide
mia and the risk of stillbirth are high with progressive elevation 
of venous Doppler indices. Advancing Doppler abnormalities 
indicate acceleration o f disease and require increased fre
quency o f fetal monitoring. In growth-restricted fetuses, 
Doppler evaluation is complementary to all other surveil
lance modalities.

Invasive Fetal Testing
In the past, direct determination of fetal acid-base status by 
cordocentesis was often performed with fetal karyotyping.

Nicolini and colleagues examined 58 growth-restricted fetuses 
using cordocentesis for acid-base evaluation in addition to 
karyotyping. They found significant differences in pH, partial 
pressure of carbon dioxide (pCO 2), pO 2, and the base equivalent 
in fetuses with no evidence of end-diastolic flow by UA Doppler 
velocimetry. However, they observed no relationship between 
acid-base determination and perinatal outcome. Pardi and 
colleagues70 examined umbilical blood acid-base status in 56 
growth-restricted fetuses and demonstrated an association 
between acid-base status and the results of cardiotocographic 
and UA Doppler waveform analysis. If both FHR and Doppler 
studies were normal, neither hypoxemia nor acidemia was noted. 
When both tests were abnormal, 64% of the growth-restricted 
fetuses demonstrated abnormal acid-base analysis. The prognos
tic significance of these abnormalities remains unclear. Lack of 
benefit, the complication rate, accuracy of noninvasive assess
ment of fetal acid-base status, and finally the availability for 
rapid karyotyping techniques from amniocytes all mean that 
cordocentesis is rarely necessary today.

Anticipating the Progression 
to Fetal Compromise
The anticipation of clinical progression is a critical component 
in the management of the fetus with IUGR because it deter
mines fetal surveillance intervals as well as the timing for inter
vention. Although deterioration of fetal status is manifested 
in all surveillance modalities, accelerating disease is best anti
cipated by AFV status and arterial and venous Doppler param
eters (Fig. 33-17). However, the gestational age at onset has 
an important impact on the clinical presentation and, 
accordingly, on the diagnosis and management o f FGR. In 
early-onset growth delay (prior to 34 weeks’ gestation), the 
significancly decreased survival rates— as well as the higher 
mortality following immediate delivery—places special 
emphasis on safe pregnancy prolongation in these situa
tions.71'72 Late-onset FGR (presenting after 34 weeks’ gestation) 
does not typically pose a dilemma for delivery timing because 
delivery thresholds can be low given the lower neonatal risks. 
However, late-onset FGR is a significant clinical problem 
that contributes to over 50% o f unanticipated stillbirths at 
term.73 Therefore a more pressing issue in term pregnancies is 
the recognition of growth-restricted fetuses, rather than the 
timing of their delivery (see earlier sections on diagnostic tools 
and clinical examination). Once the fetus with IUGR has been 
identified, recognizing the important differences in management 
helps to clarify the nature of decisions that need to be based on 
the results of the surveillance examination. The principal choices 
that need to be made at each monitoring visit are whether inter
vention is needed and the interval to the next visit. The interven
tion threshold is based on the balance of fetal and neonatal risks, 
and it is high at early gestation given the high neonatal morbid
ity but successively decreases as gestation advances. The moni
toring interval is often empirically defined but needs to be 
shortened if fetal signs of deterioration are present that indicate 
an acceleration of the disease. This in turn requires an apprecia
tion of the typical pattern of progression in early- and late-onset 
FGR.11'74

Umbilical artery Doppler alone provides inaccurate predic
tion because progression to abnormal FHR parameters is highly 
variable and may range from 0 to 49 days, as reported in a study 
by Farine and coworkers. In general, early-onset IUGR that 
presents prior to 28 weeks’ gestation is associated with more
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FIG 33-17 Progression of compromise in various monitoring systems. This figure summarizes the early and late responses to placental insuffi
ciency. Doppler variables in the placental circulation precede abnormalities in the cerebral circulation. Fetal heart rate (FHR), amniotic fluid volume 
(AFV), and biophysical profile score (BPS) are still normal at this time, and computerized analysis of fetal behavioral patterns is necessary to 
document a developmental delay. With progression to late responses, venous Doppler abnormality in the fetal circulation is characteristic and 
often precedes the sequential loss of fetal dynamic variables and frequently accompanies the decline in AFV. The decline in biophysical variables 
shows a reproducible relationship with acid-base status. Because the BPS is a composite score of five variables, an abnormal BPS less than 6 
often develops late and may be sudden. Absence or reversal of the ductus venous a-wave, decrease of the short-term variation (STV) of the 
computerized FHR analysis, spontaneous late decelerations, and an abnormal BPS are the most advanced testing abnormalities. If adaptation 
mechanisms fail and the fetus remains undelivered, stillbirth ensues. CPR, cerebroplacental ratio.

significant placental vascular problems that produce marked 
Doppler changes. In contrast, IUGR that presents near term is 
typically associated with milder placental disease and therefore 
more subtle Doppler findings. Decreasing AFV and behavioral 
responses are preserved throughout gestation irrespective of 
Doppler status. Accordingly, longitudinal progression and clini
cal findings may vary based on gestational age and may be 
further modulated by maternal disease.7’ Beyond 34 weeks, 
when the UA waveform may be normal or near normal, assess
ment of the MCA flow-velocity waveform and/or the CPR may 
be necessary to provide an estimate of placental disease and 
direct the frequency of testing.'*' In fetuses with elevated placen
tal blood flow resistance, onset of MCA brain sparing or a 
decline in the AFI indicate accelerating disease. Once brain 
sparing is established, the next level of deterioration occurs when 
UA end-diastolic velocity is lost and parallel elevations in pla
cental blood flow resistance and precordial venous Doppler

indices are observed. Although this may happen after several 
weeks, the anticipation of such deterioration may require twice- 
weekly, rather than weekly, testing. When accelerating fetal com
promise occurs, it is associated with a further rise in umbilical 
blood flow resistance (leading to REDV), whereas venous 
Doppler indices escalate over a wide range of distribution (see 
Fig. 33-15). Studies by Baschat, Ferrazzi, Hecher, and Bilardo 
indicate that 40%  o f preterm growth-restricted fetuses that 
deteriorate in utero have an increased DV Doppler index the 
week prior to delivery (Figs. 33-18 and 33-19; see also Fig.
33-16). On the day of delivery, an additional 20% deteriorated 
further. Elevations of precordial venous Doppler indices also 
precede sudden deterioration of the BPP by a median of 1 week 
in fetuses with elevated UA blood flow resistance. These findings 
have an important impact on testing frequency. For example, in 
a preterm growth-restricted fetus where venous Doppler indices 
are elevated, a BPP of 10 does not provide assurance that fetal
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FIG 33-18 Early and late Doppler findings in growth-restricted fetuses. 
This figure displays cumulative onset time curves of Doppler abnor
malities for each fetal vessel examined. Middle cerebral artery (MCA) 
brain sparing and umbilical artery (UmA) absent end-diastolic flow 
(AEDF) are observed up to 16 days before delivery. Ao PSV, aortic 
peak systolic velocity; DV, ductus venosus; PA PSV, pulmonary artery 
peak systolic velocity; REDF, reverse end-diastolic flow; S/a, ratio 
of maximum forward velocity during ventricular systole and atrial 
systole. (Modified from Ferrazzi E, Bozzo M, Rigano S, et al. Temporal 
sequence of abnormal Doppler changes in the peripheral and central 
circulatory systems of the severely growth-restricted fetus. Ultra
sound Obstet Gynecol. 2002;19:140.)

cd)o
CD

CL

Days to delivery

FIG 33-19 Sequential deterioration of Doppler and biophysical param
eters. This figure shows the percentage of abnormal Doppler findings 
in individual vessels and the incidence of a biophysical profile score 
(BPS) below 6 in the last week prior to delivery represented by the 
lines. A/REDF, absent or reversed end-diastolic flow; DV, ductus 
venosus; IVC, inferior vena cava; MCA, middle cerebral artery; UA, 
umbilical artery; UV, umbilical vein. Deterioration of Doppler findings 
precedes decline in biophysical profile score. (From Baschat AA, Gem- 
bruch U, Flarman CR. The sequence of changes in Doppler and bio
physical parameters as severe fetal growth restriction worsens. 
Ultrasound Obstet Gynecol. 2001 ;18:571.)

status will remain stable for the following week. In fact, a sizeable 
proportion of these fetuses may have a BPP score of less than 6 
after a median time of just 1 day.20 Therefore, thrice-weekly or 
even daily testing may be necessary in such fetuses. This is illus
trated in a study by Divon and coworkers in which the authors 
performed a daily BPP in fetuses with absent UA end-diastolic 
velocity. Delivery was indicated for maternal reasons, a BPP

below 6, oligohydramnios, documented lung maturity, or a ges
tational age beyond 36 weeks’ gestation. No stillbirths and no 
cord artery pH below 7.20 were reported using this intensive 
monitoring approach.

More recent work reported through the Prospective Observa
tional Trial to Optimize Pediatric Health in IUGR (PORTO) 
study identifies one of the challenges in Doppler evaluation of 
the severely growth-restricted fetus prior to 34 weeks’ gesta
tion.48 Pregnancies at increased risk o f adverse outcome were 
those with an abnormal UA Doppler study and, in particular, 
those with an EFW below the third percentile with or without 
oligohydramnios. However, after approximately 31 weeks, it 
appears that these growth-restricted fetuses do not follow a 
dominant pattern or sequence of Doppler abnormalities as seen 
earlier in gestation, and it cannot be predicted what Doppler 
abnormality pattern a given fetus w ill follow prior to an abnor
mal biophysical test. However, it remains clear that by the time 
severe venous Doppler changes are detected, the fetus is fre
quently acidemic.76 O f note, a substantial number of fetuses 
with absent UA flow were managed as inpatients and were not 
included in the PORTO trial after 30 weeks’ gestation.

The clinical progression in Doppler and biophysical abnor
malities is observed in approximately 70% to 80% of growth- 
restricted fetuses prior to 34 weeks’ gestation.11,20 Two rates of 
progression have been described that can be anticipated based 
on the UA end-diastolic velocity (EDV). In pregnancies in 
which UA EDV is lost within the first 2 weeks of diagnosis, 
deterioration to venous Doppler and biophysical abnormalities 
within 4 weeks is common (Fig. 33-20). If UA EDV is main
tained for longer periods, deterioration may not occur for 6 
weeks after diagnosis. In late-onset growth restriction that pre
sents beyond 34 weeks’ gestation, several other presentations are 
possible. UA blood flow resistance may be normal, and brain 
sparing may be observed as the only Doppler sign of perceived 
hypoxemia that requires an increase in surveillance frequency to 
twice weekly.15 Alternatively, Doppler findings may be normal, 
and oligohydramnios and/or a decline of biophysical variables 
may be the only signs of placental insufficiency. On a similar 
note, the speed of progression may vary significantly in these 
different clinical scenarios, and persistence of normal umbilical 
Doppler parameters for up to 9 weeks before new-onset brain 
sparing is observed is not unusual. In recognition of these vari
able time scales and patterns of deterioration, it is evident 
that the combination o f several testing modalities is more 
likely to provide evidence o f deterioration. If BPP scoring is 
used, particular attention needs to be placed on the amniotic 
fluid, because this is the only component that reflects longi
tudinal progression. The most comprehensive approach that 
addresses cardiovascular and behavioral responses in IUGR 
fetuses across all gestational ages has been described as “inte
grated fetal testing.”

Integrated fetal testing utilizes a surveillance approach to 
pregnancies with IUGR that requires familiarity with the 
combined assessment o f the five-component BPP and arte
rial and venous Doppler studies. Doppler examination 
includes evaluation o f the UA, MCA, DV, and free umbilical 
vein flow-velocity waveform. The testing is always supple
mented with maternal assessment o f fetal movement (“kick 
counts”). Surveillance is initiated no earlier than 24 weeks’ 
gestation. In fetuses with elevated UA pulsatility, positive 
end-diastolic flow, and absence o f any additional abnormal
ity, weekly BPP is performed along with multivessel Doppler

- •  UA A/REDF 
MCA abnormal 

■«  IVC abnormal 
- ■  DV abnormal 
- *  UV pulsations 

a BPS <6

5.5 -2 .5 - 1  Delivery

ak
us

he
r-li

b.r
u



762 Section V Com plicated Pregnancy

cs
E
■—
oc

XI
CO
Va>
a.a.oQ

Severe

DV RAV US pulsations 

t  DV index 

Brain spapt 

UA A-l 

4 CPF 

t  UA I
w z

27 days latency 
Delivered at 30 weeks

UA A-REDV within 2 weeks

UA A-REDV within 4 weeks

P rogressive

UA PI remains <3 SD

38 days latency/33.4 weeks delivery

t  UA PI

4-CPR
Mild

46 days latency/delivery at 35.3 weeks

27 29 31
----------I------------

33

Gestational age

35
—J—
37

“ 1
39

FIG 33-20 Two rates of progression can be anticipated based on the umbilical artery (UA) end-diastolic velocity (EDV). Losing UA EDV within the 
first 2 weeks of diagnosis commonly leads to deterioration to venous Doppler and biophysical abnormalities within 4 weeks (middle section of 
the figure). However, UA EDV can be maintained for longer periods, and deterioration may not occur for 6 weeks after diagnosis (bottom section 
of figure). A-REDV, absent/reversed end-diastolic velocity; CPR, cerebroplacental ratio; DV, ductus venosus; PI, pulsatility index; RAV, reverse 
atrial systolic velocity; US, ultrasound.

monitoring studies every 2 weeks. W ith the onset o f brain 
sparing, Doppler monitoring intervals are shortened to 
weekly visits. In fetuses with an AFI o f less than 5 cm or 
AEDV in the umbilical artery, surveillance intervals are 
shortened to every 3 to 4 days. With elevation o f the DV 
Doppler index to less than 2 SD, testing frequency is increased 
to every 2 to 3 days. Further escalation o f the DV Doppler 
index may require daily testing, and inpatient admission may 
be prudent based on local practice. Any change in maternal 
condition, especially the development o f preeclampsia, calls 
for reassessment o f fetal status irrespective o f the last exami
nation result (Fig. 33-21).

TIMING OF DELIVERY
In the absence of definitive fetal therapy, proper timing of deliv
ery is often the critical management issue when dealing with the 
growth-restricted fetus. In principle, the decision for delivery 
always weighs fetal risks against risks that can be anticipated 
as a result o f delivery. The risks of prematurity are of primary 
concern and make management of the preterm growth-restricted 
fetus particularly challenging. Typically, the decline in neonatal 
mortality is greatest between 24 and 28 weeks, whereas morbid
ity declines progressively thereafter toward 32 weeks. Although 
surprisingly few randomized management studies address the 
issue of delivery timing in IUGR, the Growth Restriction Inter
vention Trial (GRIT) clarified several important points.78 This 
prospective multicenter study randomized more than 500 
women with complicating FGR into immediate versus delayed 
delivery when their managing physicians were unsure about the 
timing of delivery. In the conservatively managed group, delivery 
was delayed until a point when their managing obstetricians 
were no longer unsure about the need to deliver or when fetal 
testing became overtly normal. W ith a median delay of 4.5 days, 
no significant differences in short-term outcome were identified

between the two groups (Table 33-4). The perinatal mortality 
with early delivery was associated with a higher rate of neo
natal deaths, whereas delaying delivery increased the risk for 
stillbirth. Delivery timing also had little effect on neurodevelop
ment at 2 years of age. However, in the subset of fetuses delivered 
before 32 weeks, a trend toward poor neurodevelopment was 
primarily attributable to neonatal complications that occurred 
as a result of prematurity. In 2010, Walker and colleagues79 
reported on the 6- to 13-year GRIT study outcomes and found 
the two groups to be similar for cognitive, language, behavior, 
and motor ability (half of original cohort). This suggests that 
neurologic impairment may already be set by the time the fetus 
with IUGR reaches the point of delivery. Other observational 
studies have also addressed the impact of gestational age on 
perinatal morbidity. In prenatally identified growth-restricted 
fetuses, the effect of gestational age overshadows all other peri
natal variables. After 27.0 weeks, when survival and intact 
survival first exceed 50% , a birthweight below 550 g is asso
ciated with a high risk for neonatal death.*"81 It appears that 
fetal deterioration o f venous Doppler parameters begins to 
have an independent impact on neonatal survival from 28 
weeks onward as postpartum morbidities become less fre
quent with advancing gestation. 2 Gestational age is also an 
important factor affecting perinatal mortality in patients 
who remain undelivered. More recent data from the Trial of 
Randomized Umbilical and Fetal Flow in Europe (TRUFFLE) 
study82 confirm the trend o f improved outcome with advanc- 
ing gestational age. This was a randomized clinical trial of 
delivery o f severely growth-restricted fetuses based on either 
FHR monitoring, early DV changes, or late DV changes 
(absent or reversed a-wave; see Fig. 33-14). In contrast to prior 
studies, the neonatal outcomes are significandy better, which 
has been attributed to a standardized management approach 
and improvement o f neonatal care in the last decade.8’ A 
recendy published 2-year follow-up study showed that
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IUGR UNLIKELY

Normal AC, AC growth 
rate and HC/AC ratio 
UA, MCA Doppler, BPS, 
and AFV normal

Asphyxia extremely rare 
low risk for intrapartum 
distress

Deliver for obstetric or 
maternal factors only, 
follow growth

IUGR

AC <5th, low AC growth 
rate, high HC/AC ratio, 
abnormal UA and/or CPR, 
normal MCA and veins, 
BPS >8/10, AFV normal

Asphyxia extremely rare 
Increased risk for intrapar
tum distress

Deliver for obstetric or 
maternal factors only, 
Every 2 weeks Doppler 
Weekly BPS

IUGR diagnosed based 
on above criteria 
Low MCA, normal veins 
BPS >8/10, AFV normal

W ith b lood flo w  redistribution

Hypoxemia possible, 
asphyxia rare 
Increased risk for 
intrapartum distress

Deliver for obstetric or 
maternal factors only, 
weekly Doppler 
BPS 2 times/week

W ith s ign ifican t b lood flo w  redistribution

UA A/REDV 
normal veins 
BPS >6/10, 
oligohydramnios

Significant redistribution 
present
Increased DV pulsatility 
BPS >6/10, 
oligohydramnios

Hypoxemia common, 
acidemia or asphyxia 
possible
Onset of fetal compromise

W ith  proven fe tal com prom ise

Hypoxemia common, 
acidemia or asphyxia likely

W ith fe tal decom pensation

>34 weeks: deliver 
<32 weeks: antenatal 
steroids
Repeat all testing daily

>32 weeks: deliver 
<32 weeks: admit, 
Steroids, individualize 
testing daily vs. tid

Cardiovascular instability, 
metabolic compromise, 
stillbirth imminent, high 
perinatal mortality 
irrespective of intervention

Deliver at tertiary care 
center with the highest 
level of NICU care

Compromise by above 
criteria
Absent or reversed DV 
a-wave, pulsatile UV 
BPS <6/10, 
oligohydramnios

FIG 33-21 Integrated fetal testing and management protocol. The management algorithm for pregnancies complicated by intrauterine growth 
restriction (IUGR) is based on the ability to perform arterial and venous Doppler as well as a full five-component biophysical profile score (BPS). 
AC, abdominal circumference; AFV, amniotic fluid volume; A/REDV, absent/reversed end-diastolic velocity; CPR, cerebroplacental ratio, 
DV, ductus venosus; HC, head circumference; MCA, middle cerebral artery; NST, nonstress test; NICU, neonatal intensive care unit; tid, three 
times daily; UA, umbilical artery. (From Baschat AA, Hecher K. Fetal growth restriction due to placental disease. Semin Perinatol. 2004;28:67.)

liveborn fetuses delivered on the basis o f late DV changes 
(absent or reversed a-wave) demonstrated a reduction in 
neuroimpai rment.s 4

Frigoletto has previously emphasized that the majority of 
fetal deaths in IUGR occur after the 36th week o f gestation 
and before the onset o f labor. The Disproportionate Intra
uterine Growth Intervention Trial at Term (DIGITAT) ran
domized trial85 illustrates that neonatal morbidity is still a 
concern until 38 weeks’ gestation. For these reasons, a defi
nite delivery indication other than the presence o f suspected 
growth delay is required prior to 38 weeks’ gestation. One 
limitation o f the DIGITAT trial was a lack o f UA and MCA 
Doppler assessment or integration in the study.

These investigations illustrate several points that are of critical 
importance in the management of pregnancies complicated by 
IUGR today. Patients need to be aware that growth-restricted 
fetuses have different viability thresholds and neonatal risk

statistics than their appropriately grown counterparts. The major 
risk for the undelivered growth-restricted fetus is progression of 
hypoxemia to acidemia and stillbirth. Delivery is therefore typi
cally indicated when the risk for these complications is high or 
there is no added benefit from prolongation of pregnancy. In 
the preterm growth-restricted fetus, the risk for acidemia and 
stillbirth is highest when repetitive late decelerations are 
observed in association with oligohydramnios and/or anhy- 
dramnios, when the BPP is below 6, when the DV Doppler 
index elevation escalates beyond 3 SDs, or when reversal o f 
the DV a-wave is observed with accompanying umbilical 
venous pulsations. In the growth-restricted fetus beyond 37 
weeks, risks of unanticipated stillbirth increase when brain 
sparing, loss of heart rate reactivity, or a decrease in the AFV are 
observed.15 A recent study from the Washington University 
group86 demonstrated that although the overall risk of stillbirth 
is low in fetuses beyond 37 weeks, an increase in stillbirth risk
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TABLE 33-4 OUTCOMES IN THE GROWTH 
RESTRICTION INTERVENTION 
TRIAL (GRIT)

IMMEDIATE DELAYED
(N  = 296) (A# = 291)

Gestational age at entry (weeks) 32 (30-34) 32 (29-34)
Steroids already given 191 (70%) 189 (69%)
Days gained in utero 0.9 (0.4-1.2) 4.9 (2-10.8)
Birth weight (g) 1200 (875-1705) 1400 (930-1940)
Apgar <7 at 5 min 25 (9%) 17 (6%)
Cord pH <7.0 2 (1%) 4 (2%)
Death prior to discharge 29 (10%) 27 (9%)
Stillbirth 2 9
Neonatal death 23 12
Death >28 days 4 6
Survivors after 2 yr 256 251
Developmental delay at age 

2 yr for patients delivered 
at 24 to 31 wk

14 (13%) 5 (5%)

Data from The GRIT study group. A randomised trial of timed delivery for the 
compromised preterm fetus: short term outcomes and Bayesian interpretation. BJOG. 
2003; 110:27; and Thornton JG, Hornbuckle J, Vail A, et al; The GRIT study group: 
Infant well-being at 2 years of age in the Growth Restriction Intervention Trial (GRIT): 
multicentred randomized trial. Lancet. 2004;364:513.

occurs with each advancing week for ongoing pregnancies. Thus 
they recommend delivery of the IUGR fetus at 37 to 38 weeks. 
The study is limited by its retrospective nature and that the 
growth-restricted fetuses that died in utero may not have been 
identified and followed with Doppler or antenatal testing.

General Considerations
Surveillance and management considerations are most challeng
ing in preterm pregnancies, which places the highest demand on 
the accuracy of fetal testing before 34 weeks’ gestation. Once 
FGR is suspected or anticipated, appropriate fetal testing and 
daily maternal assessment of fetal activity should be instituted. 
Ultrasound examinations to assess fetal growth should be sched
uled every 2 to 4 weeks. As long as studies show continued fetal 
head growth and testing results remain reassuring, no interven
tion is required. An understanding of the strengths and lim ita
tions of individual surveillance tests in this context is important. 
The NST and fetal dynamic variables (fetal breathing, move
ment, and tone) provide assurance of fetal well-being at the time 
of testing. Because the traditional NST is frequently nonreactive 
in preterm fetuses, it is often inadequate as a stand-alone test of 
fetal well-being. A combination of UA Doppler and a five- 
component BPP are the surveillance tests of choice in preterm 
growth-restricted fetuses that circumvent this limitation of the 
NST alone. In the presence of UA end-diastolic velocity, normal 
AFV, and a normal BPP, weekly testing is sufficient. Testing 
frequency is adjusted according to fetal status with strict criteria 
for delivery as indicated above. In preterm growth-restricted 
fetuses in which timing of delivery is most critical, the combina
tion of multiple modalities, including arterial and venous 
Doppler, offers the most comprehensive approach to assess fetal 
well-being.61'8 Such integrated fetal testing is suggested for 
centers experienced with the performance of these studies. In 
the preterm growth-restricted fetus who presents before 34 
weeks’ gestation, consideration should always be given to admin
istration of steroids if  necessary, with continuous FHR monitor
ing and oxygen supplementation. Beyond 34 weeks’ gestation, 
an amniocentesis to access lung maturity to direct timing of

delivery should be considered. Delivery at 38 weeks is an option 
that should be discussed in all pregnancies complicated by 
SGA because of the difficulties in accurately identifying fetal 
deterioration at this gestational age. Even with optimal manage
ment, there may be a yet undefined background morbidity 
that is predetermined by the condition and not amenable to 
treatment.

The following recommendations regarding the timing of 
delivery of the SGA fetus are made with the understanding that 
these guidelines are primarily based on retrospective studies, 
registries, and expert opinion; definitive randomized clinical 
studies are otherwise lacking or inconclusive. These guidelines 
are consistent with those produced by the American College of 
Obstetricians and Gynecologists (AGOG).

Between 24 and 29 W eeks' Gestation
Between 24 and 27 weeks’ gestation, a growth-restricted fetus is 
periviable, and interventions are typically undertaken for mater
nal conditions such as severe preeclampsia. Thresholds for fetal 
indications should be high, which requires strong evidence of 
fetal compromise and risk of stillbirth. Management is fre
quently individualized, and a multidisciplinary approach is 
helpful in stressing that outcome may be poor even with maximal 
support in the neonatal intensive care unit (NICU). Parents 
need to be aware that despite maximum management and effort, 
perinatal mortality exceeds of 50% .80,81 Based on retrospective 
studies, 29 weeks’ gestation may be an important milestone to 
reach. Gestational age appears to be the strongest predictor of 
intact survival until 29 weeks, and 94% of perinatal morality 
has been reported to occur prior to 29 weeks’ gestation.80 88 
Delivery triggers can be considered to be any one or a com
bination of FHR tracing with decelerations, BPP of 4 or less, 
or reverse a-wave in the ductus venosus, a marker of fetal 
acidemia.

Between 29 and 34 W eeks' Gestation
Fetal indications for delivery should be based on firm evidence 
of fetal compromise with an attempt to complete a course of 
antenatal corticosteroids whenever possible. Indications may 
include any one or combination of FHR tracing with decelera
tions, BPP of 4 or less, or absent or reverse a-wave in the ductus 
venosus.

Between 34 and 37 W eeks' Gestation
Between 34 and 37 weeks’ gestation, lower delivery thresholds 
are acceptable and may include absent fetal growth (in particular 
arrested head growth), oligohydramnios, documented lung 
maturity on amniocentesis, Doppler evidence of accelerating 
disease, and maternal comorbidity.

Beyond 37 W eeks
If an SGA fetus has continued appropriate interval growth, 
normal Doppler studies, normal AFV, normal antepartum 
testing, and no maternal comorbidities, this may represent a 
normal or constitutionally small fetus. Delivery may be accom
plished between 38 to 39 weeks’ gestation.

DELIVERY
The premature growth-restricted fetus requires the highest level 
of NICU care; therefore predelivery transport to an appropriate 
institution is recommended in all cases of early-onset IUGR.
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Chapter 33 Intrauterine Growth Restriction 765

Because many growth-restricted infants suffer intrapartum 
asphyxia, intrapartum management demands continuous 
FHR monitoring. In principle the route o f delivery is deter
mined by the severity o f the fetal and maternal condition, 
along with other obstetric factors. Cesarean delivery without 
a trial of labor is indicated when the risks of vaginal delivery 
are unacceptable to the mother and fetus. These circumstances 
include prelabor evidence of fetal acidemia, spontaneous 
late decelerations, or late decelerations with minimal uterine 
activity. In addition, absent and reversed end-diastolic flow in 
the UA is associated with a high incidence of fetal intolerance 
of labor. Thus cesarean delivery is often required and should be 
considered for these severely growth-restricted fetuses. In the 
instance of less abnormal fetal test results, typically in the setting 
of a more advanced gestational age, selection of the route of 
delivery is based on the Bishop score, AFV, and difficulty anti
cipated in inducing labor. The presence of IUGR has been 
considered a relative contraindication to the use of prostaglan
din for cervical preparation by some authors. If cervical ripening 
is considered, preinduction oxytocin challenge testing may 
be helpful in determining the likelihood and safety of vaginal 
delivery. Pharmacologic or mechanical ripening of the cervix, 
coupled with labor in the left lateral decubitus position with 
supplemental oxygen, increases the likelihood of a successful 
vaginal delivery. During labor, a tracing without late decelera
tions is predictive of a good outcome in cases complicated by 
IUGR. However, with late decelerations, the incidence o f 
asphyxia in growth-restricted infants is far greater than in 
normally grown infants.

OUTCOME
IUGR can transiently and/or permanently impair neonatal well
being. The potential effects of this condition at birth and from 
complications that occur in the neonatal period have been most 
extensively studied. However, additional effects of this perinatal 
period on intermediate and long-term health are starting to 
emerge. Recently, a new area of research into the fetal origin of 
maternal diseases has also pointed out how exposure to a hostile 
intrauterine environment can be a predisposing factor for the 
development in adulthood of cardiovascular diseases and endo
crine disturbances (see Chapter 5). An understanding of these 
outcomes will become important when the focus of manage
ment strategies shifts from the prevention of fetal and neonatal 
morbidity to the improvement of intermediate- and long-term 
development. Studies that examine the relationship between 
FGR and postdelivery outcomes are therefore best separated into 
those that focus on short-term outcomes and those that focus 
on long-term outcomes.

Short-Term Outcomes
Initial reports that evaluated the association between FGR and 
neonatal morbidity suggested the possibility of a protective effect 
of IUGR, with reduced occurrence of RDS and IVH. Subse
quent studies do not support these early assumptions. No d if
ferences were found in indices of fetal lung maturity and the 
frequency of the need for ventilator support comparing gesta
tional age-matched SGA and AGA fetuses. Most recently, several 
large trials suggest that RDS, necrotizing enterocolitis (NEC), 
IVH, clotting disorders, and multiorgan failure are significantly 
more likely to occur in growth-restricted neonates.89,90 Mortality 
rates are uniformly higher when IUGR is present. These data

should put to rest the notion that FGR is associated with any 
reduction in newborn illness. Additional neonatal morbidities 
that must be anticipated include meconium aspiration, hypo
glycemia, and electrolyte abnormalities.

Meconium aspiration occurs more frequently in IUGR 
than in appropriately grown infants and is largely observed after
34 weeks. Gasping in utero in response to asphyxia appears to 
contribute to this problem. Historically, careful suctioning of 
the nasopharynx and oropharynx with the DeLee catheter at 
delivery was used to decrease the incidence of this complication; 
however, more recent data show that this is not the case. Clear
ing of the airway can be accomplished at delivery by direct 
laryngoscopy and aspiration by an experienced pediatrician. To 
effect immediate attention to the many potential neonatal 
problems, appropriate pediatric support should be present 
in the delivery room when an infant suspected o f being 
growth restricted is to be delivered.

Hypoglycemia is frequently observed in growth-restricted 
infants owing to their inadequate glycogen reserves and a 
gluconeogenic pathway that is less sensitive to hypoglycemia 
than that of the normally grown infant.8'1 In anticipation of 
this risk for hypoglycemia, frequent blood glucose monitor
ing should be instituted in all growth-restricted infants. Hypo
calcemia, another well-recognized problem in IUGR, may be 
the result of relative hypoparathyroidism, a result of intrauterine 
acidosis.

Hyperphosphatemia secondary to tissue breakdown may also 
contribute. Frequent calcium monitoring is essential because 
symptoms are nonspecific and are similar to those associated 
with hypoglycemia.

Hyponatremia that results from impaired renal function is 
also frequently reported in growth-restricted infants. The renal 
complications associated with IUGR may be attributed to 
asphyxia, which can produce central nervous system injury 
and can lead to inappropriate antidiuretic hormone (ADH)

89secretion.
Neonates with growth restriction are at risk for polycythemia, 

anemia, thrombocytopenia, and complex hematologic derange
ments that may be problematic well beyond delivery.1" Polycy
themia is observed three to four times more frequently in the 
growth-restricted infant than in weight-matched controls. Poly
cythemia results from hypoxia-stimulated production of red 
blood cells (RBCs) and from transfer of blood volume from the 
placental to the fetal circulation in the face of intrauterine 
asphyxia. Thus these infants produce more RBCs that are 
shunted to them if  hypoxia occurs during labor. Polycythemia 
leads to increased RBC breakdown, accounting in part for 
the high incidence of hyperbilirubinemia in these infants. 
Polycythemia is a criterion for, but does not necessarily lead 
to, hyperviscosity, which can result in capillary bed sludging 
and thrombosis. Multiple organ systems can be affected and can 
lead to pulmonary hypertension, cerebral infarction, and NEC. 
Anemia can be observed in preterm fetuses with growth restric
tion with markedly abnormal placental blood flow studies, and 
thrombocytopenia frequently accompanies the anemia. The risk 
for thrombocytopenia is increased more than tenfold if UA end- 
diastolic velocity is absent. The cause for these abnormalities 
could involve a combination of dysfunctional erythropoiesis 
coupled with placental consumption of platelets and RBCs. 
Neonates with such complex hematologic abnormalities are fre
quently unable to sustain their blood cell counts despite repeated 
substitution of blood products.
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Hypothermia is another common problem for the growth- 
restricted infant and results from decreased body fat stores sec
ondary to intrauterine malnourishment.89 If unrecognized and 
untreated, hypothermia can contribute to the metabolic deterio
ration of an already unstable growth-restricted infant.

Finally, growth-restricted neonates are at increased risk for 
perinatal death in light of the multiple complications that may 
arise in the fetal and neonatal periods. The range of reported 
perinatal mortality is variable but depends clearly on the level 
of perinatal management received: infants who received optimal 
intrapartum and neonatal management have a lower perinatal 
mortality than age-matched controls who did not have such 
intensive care.90

Long-Term Outcomes
Following delivery, the ultimate growth potential for growth- 
restricted infants appears to be good. The degree of catch-up 
growth observed in several longitudinal studies suggests that 
these infants can be expected to have normal growth curves 
and a normal, albeit slightly reduced size as adults. In an 
8-year follow-up study of children who weighed less than 1500 g 
at birth,91 75% of growth-restricted infants achieved a height 
and weight above the 10th percentile. Of infants whose birth
weight fell below the 3rd percentile, 60% had reached the 25th 
percentile for weight at 8 years. However, 50% of the children 
with small HCs still had HCs below the 10th percentile at the
8-year follow-up visit in spite of their growth in height and 
weight.91 Others observed that growth-restricted infants experi
enced a period of catch-up growth in early infancy but remained 
near the 25th percentile through age 47 months, and infants 
with birthweights less than 1250 g remained below the third 
percentile for height and weight at 1 year in 38% to 46% of 
cases, respectively.92 In general, those infants who suffered 
growth restriction near the time of delivery do tend to catch up. 
However, those neonates with earlier onset and more longstand
ing growth restriction in utero continue to lag behind.

The issue of long-term neurologic sequelae remains unre
solved. In 1972, Fitzhardinge and Steven93 evaluated a group of 
96 growth-restricted infants and noted that 50% of males and 
36% of females had poor school performance and, overall, 25% 
had minimal cerebral dysfunction. Major neurologic deficits 
were much less frequent. Other studies have shown low birth
weight and short gestation to be risk factors for cerebral palsy. 
However, the vast majority o f children with cerebral palsy 
were not growth restricted.

The positive effect of intrapartum surveillance for the growth- 
restricted fetus is reflected in the data of Low and colleagues.94 
In a study of 88 growth-restricted infants, they reported no 
severe neurologic sequelae. They did detect a lag in mental 
development that was significant in the growth-restricted babies 
when compared with appropriately grown controls, especially in 
the group with birthweights less than 2300 g. This study cor
relates well with other data on LBW babies, showing that 
growth-restricted infants with HCs below the 10th percentile 
have two to three times the number o f serious neurologic 
sequelae o f their normocephalic counterparts. Others have 
found that term infants with IUGR and HCs less than 2 SD 
below the mean had significantly poorer performance on intel
ligence and visual motor development testing at age 7 when 
compared with their control siblings.95 In an examination of 
7-year-olds who suffered no perinatal complications despite 
IUGR and who were matched for social class with a control

group, Walther showed an increase in teacher-identified hyper
activity, poor concentration, and clumsiness. In a study of school 
performance in 8-year-olds matched for socioeconomic status, 
Robertson and colleagues demonstrated a tendency toward 
hyperactivity in preterm growth-restricted children compared 
with control groups. Low and colleagues,b have shown that in
9- to 11-year-olds, only FGR and socioeconomic status contrib
uted independently to the presence of learning deficits. Intra
partum fetal asphyxia assessed by UA base deficit was not 
associated with learning deficits in this group of children.

Few studies have related neurodevelopment to a full com
plement of antenatal surveillance parameters. A study of pre
dominantly preterm growth-restricted infants that evaluated 
2-year developmental outcomes reported gestational age at 
delivery, birthweight, and reversal o f UA end-diastolic veloc
ity as the main determinants o f motor and neurosensory 
morbidity. Interestingly, fetal deterioration of venous Doppler 
or biophysical parameters did not have a statistical impact on 
neurodevelopment.9

The pattern that emerges from evaluation of these data 
emphasizes that neurologic outcome depends on the degree 
o f growth restriction, especially the impact on head growth, 
its time o f onset, the gestational age o f the infant at birth, 
and the postnatal environment. An early intrauterine insult 
between 10 and 17 weeks’ gestation could lim it neuronal cellular 
multiplication and would obviously have a profound effect on 
neurologic function. In the third trimester, brain development 
is characterized by glial multiplication, dendritic arborization, 
establishment of synaptic connections, and myelinization—all 
of which continue during the first 2 years of life. Recovery after 
a period of impaired growth in the third trimester is therefore 
more likely to occur. Thus the preterm appropriately grown 
infant has more normal neurologic development and fewer 
severe neurologic deficits than its preterm growth-restricted 
counterpart. Developmental milestones and neurologic devel
opment of mature infants with IUGR and mature infants of 
normal birthweight are similar. Presumably, this also reflects 
heightened physician awareness of the growth-restricted infant 
that allows detection, appropriate antepartum management, 
intrapartum therapy, and early pediatric intervention. The 
premature growth-restricted infant suffers from increased sus
ceptibility to intrauterine asphyxia and all of the neonatal com
plications of the premature infant in addition to those of the 
infant with IUGR. If growth restriction is associated with 
lagging head growth before 26  weeks, even mature infants 
have significant developmental delay at 4  years o f age.

The long-term impacts at age 6 to 13 years of age were 
reported for the GRIT study. In the absence of any specific 
delivery triggers, the cognitive development was identical in 
both groups. In summary, these findings are concerning, which 
emphasizes the fact that the intrauterine environment has sig
nificant impact on neurodevelopment before management issues 
at delivery arise and, accordingly, it is unlikely that intervention 
trials will demonstrate a large impact of delivery timing on 
neurodevelopment.9

Gestational programming o f growth-restricted fetuses has 
received considerable attention over the past 10 to 15 years. 
Infants born growth restricted have an increased risk of meta
bolic syndrome, obesity, hypertension, diabetes, and stroke 
from coronary artery disease. For a more in-depth review of 
fetal programming and long-term adult outcomes from 
IUGR, the reader is referred to Chapter 5.
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♦ Although the terms IUGR, FGR, and SGA are used 
interchangeably, IUGR and FGR identify pathologi
cally small fetuses, whereas SGA indicates a fetus below 
a specific cutoff without designation of pathology.

♦ IUGR is a major cause of perinatal morbidity, peri
natal mortality, and both short-term and life-long 
morbidities.

♦ Although IUGR is currently defined by fetal size alone, 
the four primary underlying etiologies— aneuploidy, 
viral infection, nonaneuploid syndromes, and placental 
insufficiency— produce quite different outcomes.

♦ Identification of growth restriction as a result of placen
tal insufficiency requires a comprehensive diagnostic 
workup that includes measurement of the fetal abdomi
nal circumference in combination with umbilical artery 
Doppler studies, exclusion of fetal anomalies, and pos
sibly invasive testing to detect aneuploidy and viral 
infection.

♦ The combination of a small abdominal circumference, 
normal anatomy, low or normal amniotic fluid volume, 
and abnormal umbilical artery Doppler is strongly sug
gestive of placental insufficiency.

♦ Because mortality resulting from fetal growth restriction 
can be reduced with appropriate antenatal surveillance, 
all pregnancies at risk for IUGR should be carefully 
monitored.

♦ Deterioration of fetal biophysical and cardiovascular 
parameters follows a relatively predictable pattern, pro
gressing from early to late changes that can be used for 
the prediction of fetal acid-base imbalance and the risk 
for stillbirth.

♦ Antenatal surveillance in preterm IUGR requires the 
combination of several testing modalities to provide fetal 
assessment of sufficient precision to guide intervention.

♦ In preterm gestations complicated by IUGR, the thresh
old for delivery is critically influenced by gestational 
age.

R E F E R E N C E S
1. Savchev Wolfe HM, Gross TL, Sokol RJ. Recurrent small for gestational 

age birth: perinatal risks and outcomes. Am J  Obstet Gynecol. 1987; 157: 
288.

2. Mavrides E, Moscoso G, Carvalho JS, et al. The anatomy of the umbilical, 
portal and hepatic venous systems in the human fetus at 14-19 weeks of 
gestation. U ltrasound Obstet Gynecol. 2001;18:598.

3. Sparks JW, Girard JR, Battaglia FC. An estimate of the caloric requirements 
of the human fetus. B io l Neonate. 1980:38:113.

4. Khoury MJ, Erickson D, Cordero JE, et al. Congenital malformations 
and intrauterine growth retardation: a population study. Pediatrics. 
1988;82:83.

5. Cowles T, Tatlor S, Zneimer S, et al. Association of confined placental 
mosaicism with intrauterine growth restriction [abstract]. Am J  Obstet 
Gynecol. 1994:170:273.

6. Paolini CL, Marconi AM, Ronzoni S, et al. Placental transport of leucine, 
phenylalanine, glycine, and proline in intrauterine growth-restricted preg
nancies. J  Clin E ndocrinol Metab. 2001:86:5427.

7. Soothill PW, Nicolaides KH, Campbell S. Prenatal asphyxia, hyperlacticae- 
mia, hypoglycaemia, and erythroblastosis in growth retarded fetuses.
Br M ed  J . 1987;294:1051.

8. Kilby MD, Gittoes N, McCabe C, et al. Expression of thyroid receptor 
isoforms in the human fetal central nervous system and the effects of intra
uterine growth restriction. Clin E ndocrinol (Oxf). 2000:53:469.

9. Thilaganathan B, Athanasiou S, Ozmen S, et al. Umbilical cord blood 
erythroblast count as an index of intrauterine hypoxia. Arch Dis ChiU Fetal 
N eonatal Ed. 1994;70:F192.

10. Baschat AA, Kush M, Berg C, et al. The hematologic profile of neonates 
with growth restriction is associated with the rate and degree of prenatal 
Doppler deterioration. Ultrasound Obstet Gynecol. 2013;41:66-72.

11. Ferrazzi E, Bozzo M, Rigano S, et al. Temporal sequence of abnormal 
Doppler changes in the peripheral and central circulatory systems of the 
severely growth-restricted fetus. Ultrasound Obstet Gynecol. 2002:19:140.

12. Bellotti M, Pennati G, De Gasperi C, et al. Simultaneous measurements of 
umbilical venous, fetal hepatic, and ductus venosus blood flow in growth- 
restricted human fetuses. Am J  O bstet Gynecol. 2004:190:1347.

13. Kiserud T. The ductus venosus. Semin Perinatol. 2001:25:11.
14. Reed KL, Anderson CF, Shenker L. Changes in intracardiac Doppler flow 

velocities in fetuses with absent umbilical artery diastolic flow. Am J  Obstet 
Gynecol. 1987;157:774.

15. Crimmins S, Desai A, Block-Abraham D, Berg C, Gembruch U, Baschat 
AA. A comparison of Doppler and biophysical findings between liveborn 
and stillborn growth-restricted fetuses. Am J  Obstet Gynecol. 2014:211(6): 
669.el-669.el0 .

16. Hecher K, Campbell S, Doyle P, et al. Assessment of fetal compromise by 
Doppler ultrasound investigation of the fetal circulation. Arterial, intracar
diac, and venous blood flow velocity studies. Circulation. 1995;91:129.

17. Rizzo G, Capponi A, Pietropolli A, et al. Fetal cardiac and extracardiac flows 
preceding intrauterine death. Ultrasound Obstet Gynecol. 1994;4:139.

18. Arduini D, Rizzo G, Caforio L, et al. Behavioural state transitions in healthy 
and growth retarded fetuses. Early Hum Dev. 1989; 19:155.

19. Henson G, Dawes GS, Redman CW. Characterization of the reduced 
heart rate variation in growth-retarded fetuses. Br ]  Obstet Gynaecol. 1984; 
91:751.

20. Baschat AA, Gembruch U, Harman CR. The sequence of changes in 
Doppler and biophysical parameters as severe fetal growth restriction 
worsens. Ultrasound Obstet Gynecol. 2001;18:571.

21. Ribbert LS, Nicolaides KH, Visser GH. Prediction of fetal acidaemia in 
intrauterine growth retardation: comparison of quantified fetal activity with 
biophysical profile score. Br J  Obstet Gynaecol. 1993; 100:653.

22. Vintzileos AM, Fleming AD, Scorza WE, et al. Relationship between fetal 
biophysical activities and umbilical cord blood gas values. Am J  Obstet 
Gynecol. 1991; 165:707.

23. Manning FA, Snijders R, Harman CR, et al. Fetal biophysical profile score. 
VI. Correlation with antepartum umbilical venous fetal pH. Am J  Obstet 
Gynecol. 1993:169:755.

24. Ott WJ- Intrauterine growth restriction and Doppler ultrasonography. 
J  Ultrasound M ed. 2000; 19:661.

25. Hecher K, Spernol R, Stettner H, et al. Potential for diagnosing imminent 
risk for appropriate- and small for gestational fetuses by Doppler examina
tion of umbilical and cerebral arterial blood flow. Ultrasound Obstet Gynecol. 
1995:5:247.

26. Baschat AA. Pathophysiology of fetal growth restriction: implications for 
diagnosis and surveillance. Obstet G ynecol Surv. 2004;59:617.

27. Hadlock FP, Harrist RB, Sharman RS, et al. Estimation of fetal weight with 
the use of head, body, and femur measurements—a prospective study. Am 
J  O bstet Gynecol. 1985; 151:333.

28. Smith PA, Johansson D, Tzannatos C, et al. Prenatal measurement of the 
fetal cerebellum and cisterna cerebellomedullaris by ultrasound. Prenat
D iagn. 1986;6:133.

29. Baschat AA, Weiner CP. Umbilical artery Doppler screening for detection 
of the small fetus in need of antepartum surveillance. Am J  Obstet Gynecol. 
2000:182:154.

30. Divon MY, Chamberlain PF, Sipos L, et al. Identification of the small for 
gestational age fetus with the use of gestational age-independent indices of 
fetal growth. Am J  O bstet Gynecol. 1986:155:1197.

31. Campbell S, Thoms A. Ultrasound measurement of the fetal head to 
abdomen circumference ratio in the assessment of growth retardation.
Br J  Obstet Gynaecol. 1977;84:165.

32. Warsof SL, Cooper DJ, Little D, et al. Routine ultrasound screening for 
antenatal detection of intrauterine growth retardation. Obstet Gynecol. 
1986:67:33.

33. Ott WJ. The diagnosis of altered fetal growth. Obstet G ynecol Clin North 
Am. 1988; 15:237.

34. Weiner CP, Sabbagha RE, Vaisrub N, et al. A hypothetical model suggesting 
suboptimal intra-uterine growth in infants delivered preterm. Obstet 
Gynecol. 1985:65:323.

35. Bernstein IM, Meyer MC, Capeless EL. “Fetal growth charts”: comparison 
of cross-sectional ultrasound examinations with birthweight. M aterna l Fetal
Med. 1994;3:182.

ak
us

he
r-li

b.r
u



768 Section V Complicated Pregnancy

36. Lackman F, Capewell V, Richardson B, et al. Fetal or neonatal growth curve: 
which is more appropriate in predicting the impact of fetal growth on the 
risk of perinatal mortality? Am J  Obstet Gynecol. 1999; 180:S 145-

37. Rossavik IK, Deter RL. Mathematical modeling of fetal growth. I. Basic 
principles./ Clin Ultrasound. 1984; 12:529.

38. Baschat AA, Towbin J, Bowles NE, et al. Is adenovirus a fetal pathogen? 
Am J  Obstet Gynecol. 2003; 189:758.

39. Veille JC , Kanaan C. Duplex Doppler ultrasonographic evaluation of the 
fetal renal artery in normal and abnormal fetuses. Am J  Obstet Gynecol. 
1989; 161:1502.

40. Magann EF, Chauhan SP, Barrilleaux PS, et al. Amniotic fluid index and 
single deepest pocket: weak indicators of abnormal amniotic volumes. 
Obstet Gynecol. 2000;96:737.

41. Manning FA, Hill LM, Platt LD. Qualitative amniotic fluid volume deter
mination by ultrasound: antepartum detection of intrauterine growth retar
dation. Am J  Obstet Gynecol. 1981; 193:254.

42. Groome LJ, Owen J, Neely CL, et al. Oligohydramios: antepartum fetal 
urine production and intrapartum fetal distress. Am J  Obstet Gynecol. 
1991; 165:1077.

43. Hecher K, Campbell S. Characteristics of fetal venous blood flow under 
normal circumstances and during fetal disease. Ultrasound Obstet Gynecol. 
1996;7:68.

44. Neilson JP, Alfirevic Z. Doppler ultrasound for fetal assessment in high risk 
pregnancies. C ochrane Database Sys Rev. 2000;(2):CD000073.

45. Westergaard HB, Langhoff-Roos J, Lingman G, et al. A critical appraisal of 
the use of umbilical artery Doppler ultrasound in high-risk pregnancies: use 
of meta-analyses in evidence-based obstetrics. Ultrasound Obstet Gynecol. 
2001; 17:466.

46. Yagel S, Anteby EY, Shen O, et al. Simultaneous multigate spectral Doppler 
imaging of the umbilical artery and placental vessels: novel ultrasound 
technology. Ultrasound Obstet Gynecol. 1999; 14:256.

47. Bahado-Singh RO, Kovanci E, Jeffres A, et al. The Doppler cerebroplacental 
ratio and perinatal outcome in intrauterine growth restriction. Am J  Obstet 
Gynecol. 1999; 180:750.

48. Unterscheider J, Daly S, Geary MP, et al. Optimizing the definition of 
intrauterine growth restriction: the multicenter prospective PORTO Study. 
Am J  Obstet Gynecol. 2013;208(4):290.el-e6.

49. Yaron Y, Cherry M, Kramer RL, et al. Second-trimester maternal serum 
marker screening: maternal serum alpha-fetoprotein, beta-human chorionic 
gonadotropin, estriol, and their various combinations as predictors for 
pregnancy outcome. Am J  Obstet Gynecol. 1999; 181:968.

50. Bower S, Kingdom J, Campbell S. Objective and subjective assessment of 
abnormal uterine artery Doppler flow velocity waveforms. Ultrasound Obstet 
Gynecol. 1998; 12:260.

51. Bujold E, Roberge S, Lacasse Y, et al. Prevention of preeclampsia and 
intrauterine growth restriction with aspirin therapy started early in 
pregnancy—a meta analysis. O bstet Gynecol. 20 10; 116:402.

52. Battaglia C, Artini PG, D’Ambrogio G, et al. Maternal hyperoxygenation 
in the treatment of intrauterine growth retardation. Am J  Obstet Gynecol.
1992; 167:430.

53. Karsdorp VH, van Vugt JM , Dekker GA, et al. Reappearance of end- 
diastolic velocities in the umbilical artery following maternal volume expan
sion: a preliminary study. Obstet Gynecol. 1992;80:679.

54. Deren O, Karaer C, Onderoglu L, et al. The effect of steroids on the bio
physical profile and Doppler indices of umbilical and middle cerebral arter
ies in healthy preterm fetuses. Eur J  Obstet G ynecol R eprod Biol. 2001; 
99:72.

55. Soothill PW, Ajayi RA, Campbell S, et al. Relationship between fetal 
acidemia at cordocentesis and subsequent neurodevelopment. Ultrasound 
Obstet Gynecol. 1992;2:80.

56. Matthews DD. Maternal assessment of fetal activity in small-for-dates 
infants. Obstet Gynecol. 1975;45:488.

57. Pazos R, Vuolo K, Aladjem S, et al. Association of spontaneous fetal heart 
rate decelerations during antepartum nonstress testing and intrauterine 
growth retardation. Am J  O bstet Gynecol. 1982; 144:574.

58. Gabbe SG, Freeman RD, Goebelsmann U. Evaluation of the contraction 
stress test before 33 weeks ’ gestation. Obstet Gynecol. 1978;52:649.

59. Lin CC, Devoe LD, River P, et al. Oxytocin challenge test and intrauterine 
growth retardation. Am J  Obstet Gynecol. 1981; 140:282.

60. Ribbert LS, Snijders RJ, Nicolaides KH, et al. Relationship of fetal bio
physical profile and blood gas values at cordocentesis in severely growth- 
retarded fetuses. Am J  O bstet Gynecol. 1990; 163:569.

61. Baschat AA, Galan HL, Bhide A, et al. Doppler and biophysical assessment 
in growth restricted fetuses: distribution of test results. U ltrasound Obstet 
Gynecol. 2006;27:4l.

62. Savchev S, Figueras F, Sanz-Cortes M, et al. Evaluation of an optimal ges
tational age cut-off for the definition of early- and late-onset fetal growth 
restriction. Fetal D iagn Ther. 2014;36(2):99-105.

63. Harrington K, Thompson MO, Carpenter RG, et al. Doppler fetal circula
tion in pregnancies complicated by pre-eclampsia or delivery of a small 
for gestational age baby: 2. Longitudinal analysis. Br J  Obstet Gynaecol.
1999; 106:453.

64. Bilardo CM, Wolf H, Stigter RH, et al. Relationship between monitoring 
parameters and perinatal outcome in severe, early intrauterine growth 
restriction. Ultrasound Obstet Gynecol. 2004;23:119.

65. Guzman ER, Vintzileos AM, Martins M, et al. The efficacy of individual 
computer heart rate indices in detecting acidemia at birth in growth- 
restricted fetuses. Obstet Gynecol. 1996;87:969.

66. Morrow RJ, Adamson SL, Bull SB, et al. Effect of placental embolization 
on the umbilical artery velocity waveform in fetal sheep. Am J  Obstet 
Gynecol. 1989; 161:1055.

67. Arduini D, Rizzo G, Romanini C. The development of abnormal heart rate 
patterns after absent end-diastolic velocity in umbilical artery: analysis of 
risk factors. Am J  Obstet Gynecol. 1993; 168:50.

68. Baschat AA. Doppler application in the delivery timing of the preterm 
growth-restricted fetus: another step in the right direction. Ultrasound 
O bstet Gynecol. 2004;23:111.

69. Baschat AA, Gembruch U, Weiner CP, et al. Qualitative venous Doppler 
waveform analysis improves prediction of critical perinatal outcomes in 
premature growth-restricted fetuses. U ltrasound Obstet Gynecol. 2003; 
22:240.

70. Pardi G, Cetin I, Marconi AM, et al. Diagnostic value of blood sampling 
in fetuses with growth retardation. N  Engl J  Med. 1993;328:692.

71. The GRIT study group. A randomised trial of timed delivery for the com
promised preterm fetus: short term outcomes and Bayesian interpretation. 
BJOG. 2003; 110:27.

72. Baschat AA, Cosmi E, Bilardo CM, et al. Predictors of neonatal outcome 
in early-onset placental dysfunction. Obstet Gynecol. 2007; 109:253.

73. Froen JF, Gardosi JO, Thurmann A, et al. Restricted fetal growth in 
sudden intrauterine unexplained death. Acta Obstet G ynecol Scand. 2004; 
83:801.

74. Hecher K, Bilardo CM, Stigter RH, et al. Monitoring of fetuses with 
intrauterine growth restriction: a longitudinal study. Ultrasound Obstet 
Gynecol. 2001; 18:564.

75. Hershkovitz R, Kingdom JC, Geary M, et al. Fetal cerebral blood flow 
redistribution in late gestation: identification of compromise in small fetuses 
with normal umbilical artery Doppler. Ultrasound Obstet Gynecol. 2000; 
15:209.

76. Unterscheider J, Daly S, Geary MP, et al. Predictable progressive Doppler 
deterioration in IUGR: does it really exist? AJOG. 20l4;209:539el-e7.

77. Baschat AA. Integrated fetal testing in growth restriction: combining multi
vessel Doppler and biophysical parameters. Ultrasound Obstet Gynecol. 
2003;21:1.

78. Thornton JG, Hornbuckle J, Vail A, et al., The GRIT study group. Infant 
well-being at 2 years of age in the Growth Restriction Intervention Trial 
(GRIT): multicentred randomized trial. Lancet. 2004;364:513.

79. Walker DM, Marlow N, Upstone L, et al. Long term outcomes in a ran
domized trial of timing of delivery in fetal growth restriction. Am J  Obstet 
Gynecol. 2011 ;204 :34.el.

80. Baschat AA, Bilardo CM, Germer U, et al. Thresholds for intervention in 
severe early onset growth restriction. Am J  Obstet Gynecol. 2004; 191:
S143.

81. Garite TJ, Clark R, Thorp JA. Intrauterine growth restriction increases 
morbidity and mortality among premature neonates. Am J  Obstet Gynecol. 
2004; 191:481.

82. Lees C, Marlow N, Arabin B, et al. Perinatal morbidity and mortality in 
early-onset fetal growth restriction: cohort outcomes of the trial of random
ized umbilical and fetal flow in Europe (TRUFFLE). Ultrasound Obstet 
Gynecol. 2013;42:400-408.

83. Lees CC, Marlow N, van Wassenaer-Leemhuis A, et al. 2 year neurodevel
opmental and intermediate perinatal outcomes in infants with very preterm 
fetal growth restriction (TRUFFLE): a randomized trial. Lancet. 2015 
(E pub ahead of print).

84. Boers KE, van Wyk L, van der Post JA, et al. DIGITAT Study Group. 
Neonatal morbidity after induction vs expectant monitoring in intrauterine 
growth restriction at term: a subanalysis of the DIGITAT RCT. Am J  Obstet 
Gynecol. 2012;206(4).

85. Trudell AS, Cahill AG, Tuuli MG, et al. Risk of stillbirth after 37 weeks in 
pregnancies complicated by small-for-gestational-age fetuses. Am J  Obstet 
Gynecol. 2013;208:376.el-e7.

ak
us

he
r-li

b.r
u



Chapter 33 Intrauterine Growth Restriction 769

86. Baschat AA, Gembruch U, Weiner CP, et al. Combining Doppler and 
biophysical assessment improves prediction of critical perinatal outcomes. 
Am ]  Obstet Gynecol. 2002;187:S147.

87. Mariari G, Hanif F, Treadwell MC, Kruger M. Gestational age at delivery 
and Doppler waveforms in very preterm intrauterine growth-restricted 
fetuses as predictors of perinatal mortality. J  U ltrasound Med. 2007;26: 
555-559.

88. Mclntire DD, Bloom SL, Casey BM, et al. Birth weight in relation to 
morbidity and mortality among newborn infants. N  Engl J  M ed. 1999; 
340:1234.

89. Ley D, Wide-Swensson D, Lindroth M, et al. Respiratory distress syndrome 
in infants with impaired intrauterine growth. Acta Paediatr. 1997;10:1090.

90. Kitchen WH, Richards A, Ryan MM, et al. A longitudinal study of very 
low-birthweight infants. II: Results of controlled trial of intensive care and 
incidence of handicaps. D ev M ed  C hild Neurol. 1979;21:582.

91. Kitchen W H, McDougall AB, Naylor FD. A longitudinal study of very 
low-birthweight infants. Ill: Distance growth at eight years of age. D ev M ed  
C hild Neurol. 1980;22:1633.

92. Kumar SP, Anday EK, Sacks LM, et al. Follow-up studies of very low 
birthweight infants (1,250 grams or less) born and treated within a perinatal 
center. Pediatrics. 1980;66:438.

93. Fitzhardinge PM, Steven EM. The small-for-dates infant. II: Neurological 
and intellectual sequelae. Pediatrics. 1972;50:50.

94. Low JA, Galbraith RS, Muir D, et al. Intrauterine growth retardation: a 
preliminary report of long-term morbidity. Am J  Obstet Gynecol. 1978; 
130:534.

95. Strauss R, Dietz WH. Growth and development of term children born with 
low birth weight: effects of genetic and environmental factors. J  Pediatr. 
1998;133:67.

96. Low JA, Handley-Derry MH, Burke SO, et al. Association of intrauterine 
fetal growth retardation and learning deficits at age 9 to 11 years. Am J  
Obstet Gynecol. 1992; 167:1499.

97. Baschat AA, Viscardi RM, Hussey-Gardner B, Hashmi N, Harman C. 
Infant neurodevelopment following fetal growth restriction: relationship 
with antepartum surveillance parameters. U ltrasound Obstet Gynecol. 2009; 
33:44-50.

A dditional references f o r  this chapter are available a t  ExpertConsult.com.

ak
us

he
r-li

b.r
u



Red Cell Alloimmunization
KENNETH J. MOISE JR

Nomenclature n o  
Historic Perspectives 770 
Incidence 771 
Pathophysiology 771 
Rhesus Alloim m unization and Fetal/ 

Neonatal Hemolytic Disease of the  
Newborn 772 

Genetics 772
Prevention of RhD Hemolytic Disease 

in the Fetus and Newborn 773
History 773 
Preparations 773

Indications 774 
Diagnostic Methods 776 
Clinical Management 778 
First Affected Pregnancy 778 
Previously Affected Fetus or Infant 778 
Intrauterine Transfusion 778 
Technique 778
Complications and Outcome 780 
Neonatal Transfusions 780 
Neurologic Outcome 780 
Other Treatment Modalities 780 
Future Therapeutic Options 781

Hemolytic Disease of the Fetus 
and Newborn Due to  Non-RhD 
Antibodies 781

Rhc 781
RhC, RhE, and Rhe 782 
Duffy 782 
Kidd 782 
Kell 782

KEY ABBREVIATIO NS j

Am erican Association o f Blood Banks AABB
Am erican College o f O bstetricians and ACOG

Gynecologists
Cytom egalovirus CMV
Circulating cell-free fetal DNA ccffDNA
Deoxyribonucle ic acid DNA
D iphosphatidylg lycerol DPG
Fetal b lood sam pling FBS
Fetomaternal hem orrhage FMH
Grams per deciliter g/dL
Hem olytic disease o f the fetus and HDFN

newborn
Hem olytic disease o f the newborn HDN
Intraperitoneal transfusion IPT
International unit(s) IU
Intrauterine transfusion IUT
Intravascular transfusion IVT
Intravenous im m une g lobu lin IVIG
Kleihauer-Betke KB
M iddle cerebral artery MCA
M icrogram
Rhesus im m une g lobu lin RhIG
Single nucleotide polym orph ism s SNPs

N O M E N C L A T U R E
Exposure to foreign red cell antigens invariably results in the 
production o f anti-red cell antibodies in a process known as 
red cell alloimmunization, formerly termed isoimmuniza
tion. The expression sensitization can be used interchange
ably with Rhesus alloimmunization. The active transport of

these antibodies across the placenta during pregnancy results 
in fetal anemia, hyperbilirubinemia, and ultimately hydrops 
fetalis. Before the advent of obstetric ultrasound, the perinatal 
effects of maternal red cell alloimmunization could be recog
nized only after birth in the affected neonate. Thus the neonatal 
consequences of maternal red cell alloimmunization came to be 
known as hemolytic disease o f  the newborn  (HDN). Because the 
peripheral blood smear of these infants demonstrated a large 
percentage of circulating immature red cells known as erythro- 
blasts, the newborn entity was also known as erythroblastosis 
fetalis. Today, ultrasound and fetal blood sampling (FBS) make 
the detection of the severely anemic fetus a reality. For this 
reason, the term hemolytic disease o f the fetus and newborn 
(HDFN) would appear more appropriate to describe this 
disorder.

H IS T O R IC  P E R S P E C T IV E S
The first case of HDFN was probably described by a midwife 
in 1609 in the French literature: a twin gestation in which the 
first fetus was stillborn and the second twin developed jaundice 
and died soon after b irth.1 In 1932, Diamond2 proposed that 
the clinical entities of erythroblastosis fetalis, icterus gravis neo
natorum, and hydrops fetalis represented different manifesta
tions of the same disease. Seven years later, Levine and Stetson3 
described an antibody in a woman who gave birth to a stillborn 
fetus. The patient experienced a severe hemolytic transfusion 
reaction after later receiving her husband’s blood. In 1940, 
Landsteiner and Weiner4 injected red blood cells from rhesus 
monkeys into rabbits. The antibody isolated from these rabbits 
was used to test human blood samples from whites, and agglu
tination was noted in 85% of individuals. The following year 
Levine and colleagues5 were able to demonstrate a causal rela
tionship between Rhesus D (RhD) antibodies in RhD-negative 
women and HDFN in their offspring.
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The advent of therapy for HDFN began in 1945 with the 
description by Wallerstein6 of the technique of neonatal exchange 
transfusion. Later Liley7 proposed the use of amniotic fluid bili
rubin assessment as an indirect measure of the degree of fetal 
hemolysis. Sir W illiam  Liley’s major contribution to the story of 
rhesus disease was the introduction of the fetal intraperitoneal 
transfusion (IPT).8 He learned from a visiting fellow who had 
returned from Africa that the infusion of red blood cells into the 
peritoneal cavity of children with sickle-cell disease produced 
normal-appearing red blood cells on peripheral blood smear. 
Liley realized that he had previously inadvertently entered the 
peritoneal cavity of fetuses at the time of amniocentesis, based 
on the marked contrast in the yellow hue of the ascitic fluid as 
compared with amniotic fluid. He postulated that purposeful 
entry into the fetal peritoneal cavity could be accomplished. 
After three unsuccessful attempts that resulted in fetal demises, 
the fourth fetus was delivered at 341,7 weeks’ gestation after 
undergoing two successful IPTs. Early attempts at IPT used 
fluoroscopy for needle guidance. W ith the introduction of real
time ultrasound in the early 1980s, IPT became a safer proce
dure as fluoroscopy was abandoned. Charles Rodeck’ is credited 
with the first intravascular fetal transfusion (IVT) using a feto- 
scope to guide the transfusion needle into a placental plate 
vessel. Just 1 year later, investigators in Denmark performed the 
first ultrasound-guided IVT using the intrahepatic portion of 
the umbilical vein.10

The 1990s saw the introduction of genetic techniques using 
amniocentesis to determine fetal red cell typ ing.11 The turn of 
the century brought the noninvasive detection of fetal anemia 
through Doppler ultrasound of the fetal middle cerebral artery 
(MCA) and the use of fetal typing through cell-free DNA in 
maternal plasma.12'13

IN C ID E N C E
The advent o f the routine administration o f antenatal and 
postpartum rhesus immune globulin (RhIG) has resulted in 
a marked reduction in cases o f red cell alloimmunization 
secondary to the RhD antigen. The Centers for Disease Control 
and Prevention (CDC) last required the reporting of rhesus 
alloimmunization as a medical complication of pregnancy on 
U.S. birth certificates in the year 2002 .14 In that year, the most 
recent for which epidemiologic data are available, the incidence 
was reported to be 6.7 cases of rhesus alloimmunization per 
1000 live births.

Clearly, a shift to other red cell antibodies associated 
with HDFN has occurred as a result o f the decreasing inci
dence o f RhD alloimmunization. In a series of over 8000 
pregnant patients between 2007 and 2011, a positive screen 
for an antibody associated with HDFN was found in 1.2% of 
samples.15 Anti-E was the most common antibody encountered; 
RhD antibody accounted for only 19% of the significant anti
bodies (Fig. 34-1).

P A T H O P H Y S IO L O G Y
Although the placenta was once thought to be an absolute 
barrier to the transfer of cells between the maternal and fetal 
compartments, we now appreciate that the placental interface 
allows for the bidirectional movement of both intact cells and 
free DNA. The putative “grandmother theory” of rhesus red cell 
alloimmunization probably occurs more commonly than first
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FIG 34-1 Incidence of maternal anti-red cell antibodies associated with 
hemolytic disease of the fetus and newborn (HDFN) at a tertiary care 
institution between 2007 and 2011. E, M, D, K, and C are antibodies. 
(Modified from Smith HM, Shirey RS, Thoman SK, Jackson JB. Preva
lence of clinically significant red blood cell alloantibodies in pregnant 
women at a large tertiary care facility. Immunohematology. 2013;29: 
127-130.)

thought. In this paradigm, maternal RhD-positive red cells gain 
access to the circulation of the RhD-negative fetus at the time 
of delivery. As many as one fourth o f RhD-negative babies 
have been shown to be immunized in early life as a result 
of their delivery. 16,17 The immune response of an Rh-negative 
individual to RhD-positive red cells has been characterized into 
one of three groups: (1) responders, (2) hyporesponders, and
(3) nonresponders. About 60% to 70% of individuals are 
responders who develop an antibody to relatively small volumes 
of red cells; in these individuals, the probability of immunization 
increases with escalating volumes of cells. A small percentage of 
responders can be called hyperresponders in that they will be 
immunized by very small quantities of red cells. The second 
group of individuals (10% to 20% ), hyporesponders, can be 
immunized only by exposure to very large volumes of cells. 
Finally, the 10% to 20% of individuals who remain appear to 
be nonresponders.

In most cases o f red cell alloimmunization, a fetomaternal 
hemorrhage (FMH) occurs in the antenatal period or, more 
commonly, at the time o f delivery. If a maternal ABO blood 
type incompatibility exists between the mother and her fetus, 
anti-A and/or anti-B antibodies lyse the fetal cells in the mater
nal circulation and destroy the RhD antigen.18,1 ’ Even if this 
protective effect is not present, only 13%  o f deliveries o f RhD- 
positive fetuses result in RhD alloimmunization in RhD- 
negative women who do not receive RhIG. The vast majority 
of RhD-alloimmunized women produce an immunoglobulin G 
(IgG) response as their initial antibody. Responders may represent 
a group of individuals who had their initial exposure to the RhD 
antigen at birth because of FM H .17 After a sensitizing event, 
the human antiglobulin anti-D titer can usually be detected after 
5 to 16 weeks. However, approximately half of alloimmunized 
patients are sensibilized. In this scenario, an antibody screen will 
be negative, but memory B lymphocytes are present that can 
create an anti-D antibody response. When faced with the chal
lenge of a subsequent pregnancy involving an RhD-positive 
fetus, the anti-D titer becomes detectable.
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772 Section V Complicated Pregnancy

The anti-D immune response is the best characterized of the 
anti—red cell antibodies associated with HDFN. In one third of 
cases, only subclass IgG 1 is produced; in the remainder of cases, 
a combination of IgGl and IgG3 subclasses is found.211 Anti-D  
IgG is a nonagglutinating antibody that does not bind com
plement. This results in a lack o f intravascular hemolysis; 
sequestration and subsequent destruction o f antibody-coated 
red cells in the fetal liver and spleen are the mechanism 
of fetal anemia. Most studies have not detected a relationship 
between a specific maternal human leukocyte antigen (HLA) 
type and susceptibility to become alloimmunized to RhD.21 
However, sensitized women with high titers of anti-D are more 
likely to exhibit the DQB 1*0201 and D R I7 alleles compared 
with women who have low titers.22 Fetal sex may also play a 
significant role in the fetal response to maternal antibodies. 
RhD-positive male fetuses are 13 times more likely than their 
female counterparts to become hydropic and are 3 times 
more likely to die o f their disease. 23

Anemia results in several important physiologic changes in 
the fetus. Reticulocytosis from the bone marrow can be detected 
by FBS once the hemoglobin deficit exceeds 2 g/dL compared 
with norms for gestational age; erythroblasts are released from 
the fetal liver once the hemoglobin deficit reaches 7 g/dL or 
greater.21 In an effort to increase oxygen delivery to peripheral 
tissues, fetal cardiac output increases and 2-3 diphosphatidyl- 
glycerol (DPG) levels are enhanced.25,26 Tissue hypoxia appears 
as anemia progresses despite these physiologic changes. An 
increased umbilical artery lactate level is noted when the fetal 
hemoglobin falls below 8 g/dL, and increased venous lactate can 
be detected when the hemoglobin level falls below 4 g/dL.2 
Hydrops fetalis, the accumulation o f extracellular fluid in at 
least two body compartments, is a late finding in cases of 
fetal anemia. Its exact pathophysiology is unknown. Enhanced 
hepatic erythropoietic function with subsequent depressed syn
thesis of serum proteins has been proposed as the explanation 
for the lower serum albumin levels that have been detected.28 
Colloid osmotic pressure appears decreased.29 However, experi
mental animal models in which fetal plasma proteins have been 
replaced with saline did not produce hydrops.30 An alternative 
hypothesis is that tissue hypoxia due to anemia enhances capil
lary permeability. In addition, iron overload due to ongoing 
hemolysis may contribute to free radical formation and endo
thelial cell dysfunction.31 Central venous pressures do appear 
elevated in the hydropic fetus with HDFN. This may cause a 
functional blockage of the lymphatic system at the level of the 
thoracic duct as it empties into the left brachiocephalic vein.2’ 
This theory is supported by reports of poor absorption of donor 
red cells infused into the intraperitoneal cavity in cases of 
hydrops.32

R H E S U S  A LL O IM M U N IZ A T IO N  A N D  
F E T A L /N E O N A T A L  H E M O L Y T IC  D IS E A S E  
O F T H E N EW B O R N  
G e n e tics
Initial concepts on the genetics of the Rh antigens proposed the 
presence of three distinct genes.33 Newer DNA techniques have 
allowed for the localization of the Rh locus to the short arm 
of chromosome l .34 Only two genes were identified, an RHD 
gene and an RHCE gene. Each gene is 10 exons in length with 
96% homology. These genes presumably represent a duplication 
of a common ancestral gene. Production of two distinct proteins

S '  D gene ................. CE gene
■ ■ ■ ■ ■ ■ ■ ■ ■ ■  B B B B B B B B B H
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FIG 34-2 Schematic of Rh gene locus on chromosome 1. The 
homozygous RhD-positive state, heterozygous RhD-positive state, 
RhD-negative with heterozygosity for the RhD pseudogene, and RhD- 
negative with heterozygosity for the RHCcdes gene are demon
strated. (Modified from Moise KJ. Hemolytic disease of the fetus and 
newborn. In Creasy RK, Resnik R, lams J, eds. Maternal-Fetal Medi
cine: Principles and Practice, ed 5. Philadelphia: Elsevier; 2004.)

from the RHCE gene probably occurs as a result of alternative 
splicing of messenger RNA.35 One nucleotide difference, cyto
sine to thymine, in exon 2 of the RHCE gene results in a single 
amino acid change of a serine to proline. This causes the expres
sion of the C antigen as opposed to the c  antigen.36 A single 
cytosine-to-guanine change in exon 5 of the RHCE gene, pro
ducing a single amino acid change of a proline to alanine, results 
in formation of the e  antigen instead of the E antigen.

The gene frequency found in different ethnic groups can be 
traced to the Spanish colonization in the fifteenth and sixteenth 
centuries. Populations native to certain land masses have a less 
than 1% incidence of RhD negativity— Eskimos, Native Ameri
cans, Japanese, and Chinese individuals. The Basque tribe in 
Spain is noted to have a 30% incidence of Rh negativity. This 
may well be the origin of the RHD gene deletion that is the most 
common genetic basis of the RhD-negative state in whites (Fig. 
34-2). Whites of European descent exhibit a 15% incidence of 
RhD negativity, whereas an 8% incidence is found in blacks and 
Hispanics of Mexico and Central America. This latter incidence 
probably reflects ethnic diversity secondary to Spanish coloniza
tion of the New World.

Further study of the RHD gene has revealed significant het
erogeneity. Several of these genetic modifications result in a lack 
of expression of the RhD phenotype. Although these individuals 
may have an aberrant RhD gene present, serologic methods do 
not detect the RhD antigen on the surface of the red cells. One 
such example is the RHD pseudogene, which has been found in 
69% of South African blacks and 24% of American blacks (see 
Fig. 34-2).3' In this situation, all 10 exons of the RHD gene 
are present. However, translation of the gene into a messenger 
RNA (mRNA) product does not occur owing to the presence 
of a stop codon in the intron between exons 3 and 4. Thus, no 
RhD protein is synthesized, and the patient is serologically RhD
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negative. Similarly, the RHCcdes gene has been detected in 22% 
of American blacks. It appears to contain exons 1, 2, 9, and 10 
as well as a portion of exon 3 of the original RHD gene, with 
other exons being duplicated from the RHCE gene. In the Tai
wanese population of RhD-negative individuals, five different 
exons of the RHD gene were evaluated.38 Seventeen percent of 
individuals had all five exons detected, and an additional 135 
demonstrated the presence of at least one of the five exons tested.

P R E V E N T IO N  O F RhD H E M O L Y T IC  D IS E A S E  
IN T H E F E T U S  A N D  N EW B O R N  
History
The history of rhesus prophylaxis can be traced to three unique 
individuals. Vincent Freda was an obstetric resident who devel
oped an interest in HDFN.1'1 He was allowed to spend part of 
the fourth year of his residency at Columbia Presbyterian 
Medical Center in the laboratory of Alexander Weiner, one of 
the first investigators to identify the “Rh factor.” When Freda 
returned to Columbia, he went on to establish a serology labora
tory and later organized the Rh Antepartum Clinic in 1960. A 
seat on the hospital transfusion committee became vacant, and 
in an unprecedented move based on his interest, the chairman 
of obstetrics and gynecology, Howard C. Taylor, Jr., appointed 
Freda to this position even though he had not completed 
his residency. The chairman of pathology responded with the 
appointment of John Gorman to the committee, a resident in 
pathology with an interest in blood banking. It is here that these 
two individuals met and developed the collaboration that would 
one day end in the introduction of RhIG. In 1906, Theobald 
Smith**0 found that guinea pigs given excess passive antibody 
failed to become immunized to diphtheria toxin. Freda and 
Gorman proposed that anti-D could be used in a similar fashion 
to prevent alloimmunization after delivery. They enlisted the aid 
of W illiam  Pollack, a senior protein chemist at Ortho Diagnos
tics, who developed an IgG globulin fraction from high-titered 
donor plasma. An initial grant application to the National Insti
tutes of Health was rejected; however, funding was secured from 
the New York C ity Health Research Council on a second 
attempt. This was followed by a year’s negotiations with lawyers 
in the state capital to allow the investigators to perform their 
clinical trials at the Sing Sing prison in New York beginning 
in 1961 (John Gorman; personal communication, 2009). Nine 
RhD-negative male volunteers were injected monthly with 
RhD-positive cells for five successive months.41 Four of the men 
were immunized with intramuscular RhIG 24 hours before the 
injection of the red cells. Four of the five controls became alloim- 
munized to RhD, whereas none of the treated individuals devel
oped anti-RhD antibodies. Their second experiment involved 
27 inmates at Sing Sing, 13 controls and 14 treated. Red cells 
were given intravenously. However, the warden of Sing Sing 
would not allow the investigators to return on any fixed schedule 
that would enable the prisoners to know the time and day of 
their revisit. He was concerned that this exact foreknowledge 
could involve the prisoners in an escape plan. The investigators 
gladly accepted this lim itation as they reasoned that pregnant 
women who delivered over a weekend would probably not 
receive RhIG until Monday, up to 72 hours after delivery, owing 
to the closure of blood banks on weekends, as was commonly 
practiced at the time. None of the men who received RhIG were 
alloimmunized, whereas 8 of 13 controls developed anti-RhD 
antibodies. After two additional experiments at Sing Sing in this

second group of individuals, Freda and Gorman41 went on to 
conduct a clinical trial in postpartum women at Columbia Pres
byterian Medical Center starting in March of 1964. O f the 100 
patients that received RhIG, none became sensitized, as com
pared with a rate of 12% sensitization to RhD in the control 
group. In a follow-up study in these patients in their next preg
nancy, none of the treated patients developed antibodies; 5 of 
10 controls were alloimmunized and delivered infants affected 
by HDFN.

A parallel track of investigation was being undertaken by a 
group of British researchers in Liverpool. This group reasoned 
that the natural protective effect of ABO incompatibility 
between a mother and her fetus in preventing the formation of 
anti-D antibody could be used as a preventative strategy. A 
preparation of plasma that contained anti-D IgM was formu
lated and was administered intravenously to male volunteers.42 
Although initial short-term antibody studies were promising, 
eventually 8 of 13 treated men became immunized to RhD, 
compared with only 1 of 11 controls. After the publication of 
the initial work of Freda and colleagues43 describing the use of 
a gamma globulin fraction of the plasma, the British group 
visited the New York investigators and obtained a sample of their 
gamma globulin preparation. The Liverpool group44 began their 
clinical trial in postpartum women with evidence of FMH by 
Kleihauer-Betke (KB) stain in April 1964, and they were subse
quently credited for the first publication of a successful clinical 
trial in women.

An observational trial in Canada was initiated and determined 
that the baseline rate of antenatal sensitization to RhD was 
1 ^/c.41 Between 1968 and 1974, a trial of antenatal prophylaxis 
using injections of 300 (J,g of RhIG at 28 and 34 weeks’ gestation 
followed. As compared with the previous observational study, 
none of the women demonstrated the development of anti-D 
antibodies. In a subsequent investigation that involved RhIG 
administered only at 28 weeks’ gestation, only 0.18% of women 
became sensitized.

In 1968, RhIG was approved by the Division of Biologies 
Standards of the National Institutes of Health for general clinical 
use in the United States as RhoGAM (Ortho-Clinical Diagnos
tics, Inc.). Recommendations for use during the immediate 
postpartum period were set forth by the American College 
o f Obstetricians and Gynecologists (ACOG) 46 in 1970. The 
Food and Drug Administration (FDA) approved the use of 
antenatal RhIG in 1981. Routine antenatal prophylaxis at 28 
to 29 weeks’ gestation was proposed by ACOG later that 
same year. 4

Preparations
Four polyclonal products derived from human plasma are 
currently available in the United States for the prevention of 
RhD alloimmunization. Two of the products (RhoGAM 
[Kedrion Biopharma] and HyperRho S/D [Grifols USA]) can 
only be given intramuscularly because they are derived from 
human plasma through Cohn cold ethanol fractionation, a 
process that results in contamination with IgA and other plasma 
proteins. The remaining two products (WinRho-SDF, [Can- 
gene Corporation] and Rhophlac [CSL Behring]) are prepared 
through sepharose column and ion-exchange chromatography, 
respectively. At present, all available products are subject to 
solvent detergent treatment to inactivate enveloped viruses; 
many manufacturers also use an additional micropore filtration 
step to further reduce the chance for viral contamination.
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774 Section V Complicated Pregnancy

Additionally, thimerosal, a mercury preservative used to prevent 
bacterial and fungal contamination, has been removed from all 
RhIG products used in the United States.

The dwindling resource of plasma donors for RhIG manufac
ture has led to the search for a synthetic product. Several mono
clonal anti-D antibodies and a synthetic polyclonal immune 
globulin consisting of 25 recombinant anti-D antibodies have 
been developed but are still being studied in human clinical 
trials. In the future, one of these products may replace the 
current polyclonal products derived from human plasma.

Indicatio ns
All pregnant patients should undergo determination o f blood 
type and an antibody screen at the first prenatal visit. In the
past, all Rh negative patients underwent additional testing to see 
if  they were Du positive. This terminology was later changed to 
classify these patients as weak Rh positive individuals. In one 
series of 500 pregnant patients, this occurred in 1% of whites, 
2.6% of blacks, and 2.7% of Hispanics.48 The recommendation 
in the past was that these individuals should be considered Rh 
positive, and RhIG was not indicated.48 Subsequent research 
found that the weak D individuals can belong to one of two 
groups; some of these patients have intact D antigens that are 
expressed in reduced numbers on the surface of the red cells (Fig.
34-3). These individuals are not at risk for rhesus alloimmuniza
tion. In others with a weak D phenotype, the individual has 
inherited a gene that results in a variant expression o f the D 
antigen. In these cases, one or more o f the D antigen epitopes 
are missing, and the patient can become alloimmunized to 
these missing portions o f the D antigen. Severe HDFN has 
been reported in these cases when a maternal antibody devel
ops to the missing epitope. 49 Although clinical trials have not 
been undertaken, the current recommendation is that these 
patients should receive RhIG.

Confusion can arise depending on when and where the 
patient undergoes red cell typing. Standards from the American 
Association of Blood Banks (AABB) recommend that reagents 
that detect weak D should not be used for prenatal typing/0 This 
guideline results in all weak D patients being called Rh negative 
and subsequently receiving antenatal RhIG. Newer monoclonal

C > = Normal RhD antigen £ >  = RhD antigen with missing epitope

Normal RhD 
red cell

Decreased 
expression of RhD 

red cell

RhD variant 
(mosaic) red cell

Weak D phenotype 
(1.0% whites, 2.6% African descent, 

2.7% Hispanics)

FIG 34-3 Depiction of a normal RhD-positive red cell as well as red 
cells noted in individuals with weak D variants.

reagents used in an indirect antiglobulin test that can detect 
weak D are used at blood donor centers. These reagents are 
used to be sure that weak D blood is not administered to an 
Rh-negative recipient, resulting in a potential for alloimmuniza
tion. This will result in the same individual, now a blood donor, 
being called RhD positive—very confusing to the patient and to 
the clinician.

More recently, a work group of the AABB and the College of 
American Pathologists has suggested that weak D types 1, 2, and 
3 can be managed as if  they are RhD positive with no need for 
RhIG.51 RHD genotyping would be required in all pregnant 
patients to identify this subgroup with weak D. This proposal 
has not yet been adopted by ACOG.

If there is no evidence o f anti-D alloimmunization in the 
RhD-negative woman, the patient should receive 300 (Xg of 
RhIG at 28 weeks o f gestation. 48 The 2% background inci
dence of RhD alloimmunization in the antenatal period can be 
expected to decline to 0.1% . In the United Kingdom, an ante
natal protocol of administering 100 (Ig (500 IU) of RhIG at 28 
and 34 weeks is used in primigravida women.5" Limited resources 
have not allowed for extension of this protocol to all subsequent 
pregnancies. The issue of repeating an antibody screen at 28 
weeks before the administration of RhIG is controversial. A 
recent study of over 2000 women found an incidence of sensi
tization prior to 28 weeks’ gestation to occur in only 0.099% of 
pregnancies.53 In addition, the authors of this study did not find 
the practice to be cost-effective. Although ACOG leaves the 
decision to repeat the antibody screen up to the obstetric pro
vider, the AABB and the U.S. Preventative Services Task Force 
recommend that a repeat screen be obtained before antenatal 
RhIG.50,54 If a repeat antibody screen is to be undertaken, a 
maternal blood sample can be drawn at the same office visit as 
the RhIG injection. Although the administration of the exoge
nous anti-D will eventually result in a weakly positive titer, this 
will not occur in the short interval of several hours due to the 
slow absorption from the intramuscular site.

A new paradigm is developing in antenatal prophylaxis. Early 
studies in pregnant women carrying a male fetus indicated that 
3% of the circulating cell-free fetal DNA (ccffDNA) in the 
maternal circulation in the first trimester is fetal in origin; this 
increases to 6% by the third trimester.55 The source of this DNA 
appears to be apoptosis of placental villi. Fetal DNA is rapidly 
cleared from the maternal circulation with a mean half-life of 
16 minutes after cesarean delivery; after vaginal delivery, fetal 
free DNA is cleared by 100 hours.561 The presence of fetal RHD 
DNA sequences in the maternal circulation was first reported 
by Lo and colleagues.13 Clinical assays for the determination of 
the fetal RhD status were subsequently developed. Approxi
mately 40% of Rh-negative pregnant women w ill carry an 
Rh-negative fetus; thus rhesus immune globulin would not be 
indicated in the antepartum period if  this can be accurately 
determined.

Screening of RhD-negative pregnant patients to determine 
whether antepartum RhIG should be undertaken is routinely 
now practiced in Denmark and the Netherlands as well as in 
regions of Sweden, France, and England.58 In some of these situ
ations, ccffDNA screening was implemented as part of a new 
antepartum prophylaxis program because of the limited avail
ability of RhIG. However, in the United States, plasma collected 
from sensitized male volunteer donors is used to manufacture 
RhIG. Therefore the availability of RhIG is unrestricted. Others
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Chapter 34 Red Cell Alloimmunization 775

TABLE 34-1 INDICATIONS FOR RHESUS 
IMMUNE GLOBULIN

INDICATION LEVEL OF EVIDENCE*

Spontaneous miscarriage A
Elective abortion A
Threatened miscarriage C
Ectopic pregnancy A
Hydatidiform mole B
Genetic amniocentesis A
Chorion villus biopsy A
Fetal blood sampling A
Placenta previa w ith bleeding C
Suspected abruption C
Intrauterine fetal demise C
Blunt trauma to the abdomen C
At 28 weeks’ gestation unless father of A

fetus is RhD negative
Amniocentesis for fetal lung m aturity A
External cephalic version C
W ithin 72 hours o f delivery o f an A

RhD-positive infant
After administration o f RhD-positive C

blood component

Modified from Prevention of RhD alloimmunization. American College of Obstetricians 
and Gynecologists Practice Bulletin 1999;4.
*A = high, B = moderate, C = low.

have argued that the potential for infection with prions and 
other viruses supports an ethical approach to lim iting antenatal 
RhIG to only those patients who need it.59 A cost-neutral strat
egy would appear to be the optimal approach to the implemen
tation of ccffDNA. Several studies have determined that the 
break-even costs of ccffDNA testing would range from $29 to 
$119 for the saved doses of RhIG to offset the costs of evaluating 
all RhD-negative pregnant women.60'61 In addition, even at an 
accuracy of 99%, as many 3000 patients in the United States 
would be misdiagnosed with an RhD-negative fetus, when the 
fetus is actually RhD positive. These cases would result in missed 
opportunities for the prevention of antenatal alloimmunization 
and an estimated 21 new cases of Rh alloimmunization annually. 
Continuation of the practice of obtaining cord serology at birth 
would allow these “misses” to be correctly diagnosed at the time 
of delivery when postpartum RhIG is indicated. Currently, the 
use of ccffDNA to guide antenatal RhIG use is not a guideline 
from any major U.S. organization, although this may change in 
the near future.

Although not well studied, level A  scientific evidence has 
been cited by ACOG to address additional indications for the 
antepartum administration o f RhIG.4S These include spon
taneous miscarriage, elective abortion, ectopic pregnancy, 
genetic amniocentesis, chorionic villus sampling, and FBS 
(Table 34-1). A dose of 50 |0.g of RhIG is effective until 13 weeks’ 
gestation owing to the small volume of red cells in the fetopla
cental circulation. However, most hospitals and offices do not 
stock this dose of RhIG because the cost is equivalent to that of 
the standard dose of 300 |lg.

The use of RhIG in other scenarios that involve the possibility 
of FMH are lacking. However, most experts agree that such 
events as hydatidiform mole, threatened miscarriage, fetal death 
in the second or third trimester, blunt trauma to the abdomen, 
and external cephalic version warrant strong consideration for 
the use of RhIG.48

The practice o f evaluating a persistent maternal anti-D 
titer as an indication that additional RhIG is not required 
after an antenatal event is to be discouraged. Although the 
precise mechanism for the protective effect of RhIG is unknown, 
an excess amount of exogenous antibody in relation to the 
volume of RhD-positive red cells in the maternal circulation is 
essential for effective prophylaxis. Both animal and human 
studies have demonstrated that a low level of RhIG can actually 
enhance the chance for alloimmunization.18 In the words of 
Vincent Freda, “The rule of thumb should be to administer Rh 
immune globulin when in doubt, rather than to withhold it.’ 

Because the half-life of RhIG is approximately 16 days, 15% 
to 20% of patients receiving it at 28 weeks’ gestation have a very 
low anti-D titer (usually 2 or 4) at the time of admission for 
labor at term.62 In North America, the current recommendation 
is to administer 300 |!g of RhIG within 72 hours of delivery if 
umbilical cord blood typing reveals an RhD-positive infant.50 
This is sufficient for protection from sensitization due to an 
FMH of 30 mL of fetal whole blood. In the United Kingdom, 
100 Hg is given at delivery. Approximately 1 in 1000 deliveries 
will be associated with an excessive FMH; risk factors identify 
only 50% of these cases.63 Both ACOG and AABB now recom
mend routine screening o f all women at the time o f delivery 
for excessive FMH. A qualitative yet sensitive test for FMH, 
the rosette test, is first performed. Results return as positive or 
negative; a negative result warrants administration of a standard 
300 |Ig dose of RhIG. If the rosette is positive, a KB stain or 
fetal cell stain using flow cytometry is undertaken to quantitate 
the amount of the FMH. The AABB then recommends that the 
percentage of fetal blood cells be multiplied by a factor of 50 (to 
account for an estimated maternal blood volume of 5000 mL) to 
calculate the volume of the FMH. This volume is divided by 30 
to determine the number of vials of RhIG to be administered. A 
decimal point is rounded up or down for values greater than 0.5 
or less than 0.5, respectively Because this calculation includes an 
inaccurate estimation of the maternal blood volume, one addi
tional vial of RhIG is added to the calculation. As an example, a 
3% KB stain is calculated to indicate a 150-mL FMH. Dividing 
this number by 30 yields five vials of RhIG with one additional 
vial added; therefore the blood bank would prescribe 6 vials of 
RhIG (a total of 1800 Jig) for this patient. However, a recent 
survey by the American College of Pathologists of its member 
blood banks noted that even following these guidelines, an inad
equate dose of RhIG was recommended in 9% of cases and an 
excessive dose was recommended in 12% of cases.64

No more than 5 mL RhIG should be administered by the 
intramuscular route in one 24-hour period. Should a large dose 
of RhIG be necessary, an alternative method would be to give 
the calculated dose using one of the intravenous (IV) prepara
tions of RhIG now available. Doses of up to 600 (Ig (3000 IU) 
can be administered every 8 hours until the total dose has been 
achieved. Should RhIG be inadvertently omitted after deliv
ery, some protection has been proven with administration 
within 13 days; recommendations have been made to admin
ister it as late as 28 days after delivery.63 If delivery is planned 
within 48 hours of amniocentesis for fetal lung maturity, RhIG 
can be deferred until after delivery. I f delivery occurs less than 
3 weeks from the administration o f RhIG used for antenatal 
indications such as external cephalic version, a repeat dose is 
unnecessary unless a large FMH is detected at the time of 
delivery.

ak
us

he
r-li

b.r
u



776 Section V Complicated Pregnancy

Failed prophylaxis after the appropriate dose of RhIG is 
administered is rare. However, once postpartum administration 
is undertaken, the anti-D antibody screen may remain positive 
for up to 6 months. Anti-D that persists after this time is likely 
to be the result of sensitization.

Administration of RhIG after a postpartum tubal ligation is 
controversial. The possibility of a new partner in conjunction 
with the availability of in vitro fertilization would seem to make 
the use of RhIG in these situations prudent. In some cases, 
RhD-negative red cells may be in short supply if  the patient 
presents after major trauma such as a motor vehicle accident 
with the need for massive transfusion. In these cases, RhD- 
positive blood could not be used as a life-saving alternative if 
the patient is alloimmunized to RhD through her previous 
delivery. RhIG is not effective once alloimmunization to the 
RhD antigen has occurred. At present, prophylactic immune 
globulin preparations to prevent other forms of red cell alloim
munization such as anti-K l do not exist.

D ia g n o s t ic  M e t h o d s  
Maternal Antibody Determination
Once a maternal antibody screen reveals the presence of 
an anti-D antibody, a titer is the first step in the evaluation 
of the RhD-sensitized patient during the first affected 
pregnancy. Previous titer methodologies using albumin or 
saline should no longer be used because they detect varying 
levels of IgM antibody. The pentamer structure of this class 
of antibody does not allow for transplacental passage; there
fore, the contribution of IgM to the titer quantitation has 
no clinical relevance. The human antiglobulin titer (indirect 
Coombs test) is used to determine the degree o f alloim
munization because it measures the maternal IgG response. 
Most titer values in the obstetric literature are reported as 
dilutions (e.g., 1 :32 ). By blood-banking convention, how
ever, titer values should be reported as the reciprocal of the 
last tube dilution that demonstrates a positive agglutination 
reaction, that is, a final dilution of 1 :16  is equivalent to a 
titer of 16.

Variation in results between laboratories is not uncommon 
because many commercial laboratories use enzymatic treatment 
of red cells to prevent failed detection of low titer samples. This 
method causes a marked elevation in titer as compared with the 
use of nonenzymatic treated cells. Because standard tube meth
odology uses red cell agglutination as the indicator reaction, 
subjective interpretation of end points by the laboratory tech
nologist accounts for the variation in results. In addition, inher
ent subtle differences in the indicator red cell preparations may 
play a role because their shelf life is only 1 month, and serial 
titers may require the use of different reagent lots. For these 
reasons, serial titers should be run in tandem using stored sera 
from the previous draw.

In the same laboratory, the titer should not vary by more than 
one dilution if the two samples are run in tandem. Thus an 
initial titer of 8 that returns at 16 does not represent a true 
increase in the amount of antibody in the maternal circulation. 
In addition, the clinician should be aware that newer gel micro
column assays will result in higher titers than conventional 
tube testing. In one study, the mean titer was 3.4-fold increased 
with gel technology.65 A critical titer is defined as the anti-red 
cell titer associated with a significant risk for hydrops fetalis. 
When this is present, further fetal surveillance is warranted. This 
value w ill vary with institution and methodology; however, in

most centers, a critical titer for anti-D between 8  and 32 is 
usually used.

In the United Kingdom, quantitation of anti-D is undertaken 
through the use of an automated technique using a device 
known as the AutoAnalyzer. Red cell samples are mixed with 
agents to enhance agglutination by the anti-D antibodies. Agglu
tinated cells are separated from nonagglutinated cells and are 
then lysed. The amount o f released hemoglobin is then com
pared with an international standard; results are reported as 
international units per milliliter. Levels of less than 4 IU/mL are 
rarely associated with HDFN; a maternal anti-D level of less 
than 15 IU/mL has been associated with only mild fetal anemia.66

Fetal Blood Typing
Several techniques have been used to determine the fetal 
blood type i f  the patient’s partner is determined to be het
erozygous for the involved red cell antigen. In 50%  o f cases 
in which the fetus is found to be antigen negative, further 
maternal and fetal testing is unnecessary. Historically, initial 
attempts at fetal testing in these cases used serology on blood 
obtained by ultrasound-directed cordocentesis. Unfortunately, 
this technique placed half of the antigen-negative fetuses at a 
1% to 2% chance of procedure-related loss (see Chapter 10). 
Investigators went on to use chorionic villus sampling to obtain 
genetic material for detection of the RHD gene. However, the 
major disadvantage of this method is that disruption of the 
chorion villi during the procedure can result in FMH and a rise 
in maternal titer, thereby worsening the fetal disease.6 Therefore 
this procedure should be discouraged unless the patient plans to 
terminate all antigen-positive fetuses detected. In 1990, amnio
centesis was described as a reliable method for assessing the fetal 
blood type through DNA testing.11 This method has now been 
replaced in almost all countries, including the United States, 
by the use o f fetal RHD determination using ccffDNA. In 
addition, the test can be performed with reliable results at as 
early as 10 weeks’ gestation.68

The initial step in determining the fetal RhD type involves 
an assessment o f paternity and paternal zygosity. Once 
undertaken using serologic testing and population statistics, 
molecular techniques can now be used to accurately determine 
the paternal genotype at the RHD locus.69 However, some 
authorities have argued that issues with paternity can be averted 
by omitting this step and testing every pregnancy with ccffDNA 
for fetal RHD determination.

In a recent series o f more than 1000 patients, ccffDNA 
testing for RHD was found to be accurate in 99%  o f cases. 11 

An RHD positive result on free DNA testing can be considered 
reliable because RHD positive genetic material cannot be from 
a maternal source. An RhD-negative result with ccffDNA is 
more problematic. If fetal DNA fails to amplify in a background 
of overwhelming maternal DNA in the plasma, an RHD negative 
result will be obtained. One internal control that can be used is 
the detection of the SRY gene found in male fetuses. The pres
ence of this gene in free DNA indicates that fetal DNA is 
present, and an RHD negative result is reliable.6’ In the case of 
a female fetus, the presence of single nucleotide polymorphisms 
(SNPs) not found in the maternal white cells can be used as an 
internal control. 1 If different polymorphisms than those found 
in the mother are noted in the plasma sample, these are of 
paternal origin; thus fetal DNA is present. In this situation, the 
finding of an RHD negative fetus can be considered reliable. 
In the cases with an inconclusive result, a repeat maternal
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Chapter 34 Red Cell Alloimmunization 777

sample can be submitted or amniocentesis can be undertaken 
to determine the fetal RHD status.

Amniocentesis to Follow the Severity of Hemolytic 
Disease of the Fetus and Newborn
Historically, amniocentesis was routinely used in the alloim- 
munized pregnancy to measure the amount of bilirubin (AOD450) 
as an indirect indication of the degree of fetal hemolysis. Results 
were plotted on specialized curves first introduced by W illiam  
Liley7 and later modified by John Queenan. 2 The advent o f 
noninvasive testing for fetal anemia with middle cerebral 
artery MCA Doppler (see below) has now replaced serial 
amniocenteses for AOD450.

Fetal Blood Sampling
Ultrasound-directed FBS— also known as percutaneous umbili
cal blood sampling, cordocentesis, and fun ipuncture—allows direct 
access to the fetal circulation to obtain important laboratory 
values such as fetal blood type, hematocrit, direct Coombs test, 
reticulocyte count, and total bilirubin. Although serial FBS was 
once proposed as a primary method of fetal surveillance after a 
maternal critical titer is reached, it has been associated with a 
1% to 2% rate of fetal loss and up to a 50% risk for FMH with 
subsequent worsening of the alloimmunization. 3 For these 
reasons, FBS is reserved for patients with elevated peak sys
tolic MCA Doppler velocities.

Ultrasound
Perhaps the greatest advance in the management o f the allo- 
immunized pregnancy has been the use o f ultrasound. Ges
tational age can be accurately established to evaluate fetal 
parameters that vary with gestational age such as the peak sys
tolic M CA Doppler velocities. Hydrops feta lis is defined as the 
presence of extracellular fluid in at least two fetal compartments. 
Often, ascites is the first sign of impending hydrops, with scalp 
edema and pleural effusions noted with worsening anemia. 
When hydrops is present, fetal hemoglobin deficits o f 7 to 
10 g/dL from the mean hemoglobin value for the corre
sponding gestational age can be expected. 1 Unfortunately, 
this represents the end-stage state of fetal anemia. Survival with 
intrauterine transfusion (IUT) is markedly reduced in these 
cases. In addition, the early second-trimester fetus can be 
severely anemic without signs o f hydrops. " Therefore many 
investigators have sought alternative ultrasound parameters that 
could predict the early onset of anemia. In one large series, fetal 
abdominal circumference (AC), head/abdomen circumference 
(HC/AC) ratio, intraperitoneal volume, intrahepatic and extra- 
hepatic umbilical venous diameter, and placental thickness failed 
to accurately predict a fetal hemoglobin deficit of greater than 
5 g/dL from the mean.71’ Because the fetal liver and spleen rep
resent sites of extramedullary hematopoiesis and the destruction 
and sequestration of sensitized red cells in cases of severe HDFN, 
enlargement of these organs has been evaluated. Both splenic 
perimeter and hepatic length correlate with the degree of fetal 
anemia. However, neither has gained widespread acceptance for 
noninvasive fetal surveillance in red cell alloimmunization.

The severely anemic fetus exhibits an increased cardiac 
output in an effort to enhance oxygen delivery to peripheral 
tissues. 26 In addition, fetal anemia is associated with a lower 
blood viscosity that produces fewer shearing forces in blood 
vessels; this results in increased blood velocities. Using these 
principles, Doppler ultrasound has been used to study the

FIG 34-4 Power Doppler image of the fetal circle of Willis. Arrows point 
to locations where the pulsed Doppler gate should be placed for 
obtaining the fetal peak middle cerebral artery Doppler velocity.

FIG 34-5 Pulsed Doppler of the peak systolic velocity. The blue arrow 
at the top of figure indicates the location of the pulsed Doppler gate; 
the white arrow indicates the measurement using on-board software 
of a peak velocity of 56.25 cm/sec.

peak systolic velocity (PSV) in the fetal MCA to predict fetal 
anemia. A value o f greater than 1.5 multiples o f the median 
(MoM) for the corresponding gestational age predicts mod
erate to severe fetal anemia with a sensitivity o f 8 8 % and a 
negative predictive rate o f 89 % . 12

Serial MCA Doppler studies are now the mainstay o f sur
veillance for fetal anemia in the red cell alloimmunized preg
nancy. Careful attention to technique is paramount in using this 
method of surveillance. Because the anteroposterior axis of the 
fetal head typically lies in a transverse plane, the examiner can 
use either fetal M CA vessel for interrogation. First, the anterior 
wing of the sphenoid bone at the base of the skull is located. 
Color or power Doppler is then used to locate the M CA (Fig.
34-4). The angle of insonation is maintained as close to zero as 
possible by positioning the ultrasound transducer on the mater
nal abdomen (Figs. 34-5 and 34-6). The M CA vessel closer to 
the maternal abdominal wall is usually studied, although the 
posterior vessel will give equivalent results. 7 Angle-correction 
software is not typically used, although studies have demon
strated that its use can still result in an accurate determination 
of the MCA velocity. 8 The Doppler gate is then placed in the 
proximal MCA where the vessel arises from the carotid siphon. 
Measurements in the more distal aspect of the vessel will be
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Ultrasound
transducer

FIG 34-6 Correct determination of the fetal peak middle cerebral artery 
Doppler velocity.

Gestational age (weeks)

FIG 34-7 Serial middle cerebral artery (MCA) Doppler studies in one 
patient who required intrauterine transfusion (IUT). Hct, hematocrit; 
MoM, multiples of the median.

inaccurate because reduced peak velocities will be obtained. The 
fetus should be in a quiescent state during the Doppler examina
tion because accelerations of the fetal heart rate can result in a 
decrease in the PSV, especially late in the third trimester.79 
Several authorities have reported transient decreases in the peak 
M CA velocity after the administration of antenatal steroids to 
enhance fetal lung maturity. This effect usually lasts for 24 to 48 
hours after the last dose.

M CA measurements can be obtained reliably as early as 18 
weeks’ gestation. Studies are repeated every 1 to 2 weeks depend
ing on the trend (Fig. 34-7). Values should be converted to MoM 
using Internet-based calculators (e.g., www.perinatology.com).

C L IN IC A L  M A N A G E M E N T
The approach using the available diagnostic tools is based on 
the patient’s history of fetal or neonatal manifestations of 
HDFN. As a general rule, the patient’s first RhD-sensitized 
pregnancy involves minimal fetal/neonatal disease; but 
subsequent gestations are associated with worsening degrees 
of anemia.

First Affected Pregnancy
Once sensitization to the RhD antigen is detected, maternal 
titers are repeated every month until approximately 24 
weeks; titers are repeated every 2 weeks thereafter (Fig. 34-8). 
If paternity is assured, blood is drawn from the patient’s partner 
to determine his RHD status and zygosity (DNA testing). Once 
a critical maternal titer is reached (usually 32), serial MCA 
Doppler studies are initiated at approximately 24 weeks’ gesta
tion. These are then repeated every 1 to 2 weeks depending on 
their trend. In cases of a heterozygous paternal phenotype or 
questionable paternity, ccffDNA testing should be sent to a 
DNA reference laboratory to determine the fetal RhD status. 
In the case of an RhD-negative paternal blood type or a fetal 
RHD negative genotype, further maternal and fetal monitoring 
is unwarranted as long as paternity is assured.

If presence of an RHD positive fetus is evident (homozygous 
paternal phenotype or RHD positive fetus by DNA testing), 
serial fetal surveillance is indicated. If an M CA Doppler returns 
at greater than 1.5 MoM, cordocentesis should be undertaken 
at an experienced referral center, with blood readied for IUT if 
the fetal hematocrit is less than 30%.

P revio u sly  Affected Fetus or Infant
If the patient has a history o f a previous perinatal loss related 
to HDFN, a previous need for IUT, or a previous need for 
neonatal exchange transfusion, she should be referred to a 
tertiary care center with experience in the management of the 
severely alloimmunized pregnancy. In these cases, maternal 
titers are not predictive of the degree of fetal anemia. In the case 
of a heterozygous paternal phenotype or questionable paternity, 
ccffDNA analysis to determine the fetal RHD status is indicated. 
Amniocentesis can be used after 15 weeks’ gestation to deter
mine the status o f the fetal red cell antigen in cases of other 
maternal antibodies such as anti-Kell. Serial M CA Doppler 
measurements should begin at 18 weeks’ gestation and should 
be repeated every 1 to 2 weeks.

IN T R A U T E R IN E  T R A N S F U S IO N  
Te ch n iq u e
IUTs today are performed under continuous ultrasound 
guidance with direct infusions o f red blood cells into the 
umbilical cord vessels or into the intrahepatic portion of 
the umbilical vein o f the fetus.80 Some centers continue to use 
the intraperitoneal approach as part of a combined technique 
with an intravascular transfusion (IVT) in an effort to create a 
reservoir of red cells between procedures.81

Typically, a freshly donated, cytomegalovirus (CMV)-negative 
unit of type O, RhD-negative red blood cells is cross-matched 
to a maternal blood sample. Extended cross-matching to the 
mother can decrease the chance of new antibody formation. The 
unit is leukoreduced and irradiated with 25 Gy to prevent graft- 
versus-host reaction. It is then washed and packed to a final 
hematocrit of approximately 75% to 80% to prevent volume 
overload in the fetus.

The patient is admitted to the labor and delivery unit as an 
outpatient. The procedure is typically performed in the operat
ing room, especially when a viable gestational age has been 
reached should an emergency delivery be necessary. The skin is 
prepped with hexachlorophene, and sterile drapes are applied. 
A long-acting local anesthetic is administered, and conscious 
sedation may help alleviate the patient’s anxiety. A 20-gauge
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FIG 34-8 Algorithm for clinical management of a patient with red cell alloimmunization. EGA, estimated gestational age; Hct, hematocrit; MCA, 
middle cerebral artery; MoM, multiples of the median.
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procedure needle (a 22-gauge needle is used for gestations 
<22 weeks) is introduced into the amniotic cavity and then into 
the umbilical vein under continuous ultrasound guidance. In 
the case of an anterior placenta, the needle is passed through the 
placental mass into the cord root. W ith a posterior placentation, 
the cord insertion into the placenta is preferred because this 
represents a site of immobility compared with a “floating” loop 
of cord. A sample of fetal blood is obtained for an initial hema
tocrit. Optimally, the sample is processed as a spun hematocrit 
or through the use of an automated hemocytometer located in 
the operating room. A short-term paralytic agent such as 
vecuronium (0.01 mg/kg of estimated fetal weight [EFW]) is 
administered into the umbilical vein, causing cessation of 
fetal movement. A short-acting narcotic such as fentanyl (2 to
3 (J-g/kg EFW) can also be used and can be mixed with the 
vecuronium.82 Paralysis is almost immediate and lasts 2 to 3 
hours. The amount of packed red blood cells to be infused is 
based on the EFW determined by ultrasound. Using a donor 
unit hematocrit of 78%, a factor of 0.02 multiplied by the EFW 
in grams will calculate the dose of red cells to be administered 
to raise the fetal hematocrit by 10%.83 Red cells are actively 
infused through the use of a syringe and sterile tubing connected 
to the donor unit. Once the predetermined volume of blood 
is infused, a small aliquot of blood is obtained to measure 
the hematocrit, as well as the percentage of fetal versus adult 
hemoglobin-containing red cells, through either a KB stain or 
flow cytometry. A final fetal hematocrit of 40% is targeted. After 
the first IUT, subsequent procedures can be empirically sched
uled at 14-day intervals until suppression of fetal erythropoiesis 
is noted. This usually occurs by the third IUT. Thereafter, the 
interval for repeat procedures can be determined based on the 
decline in hematocrit for the individual fetus, usually a 3- to
4-week interval. The PSV in the MCA has been shown to be 
useful in timing the second IUT. After the second procedure, 
the MCA Doppler loses its validity in predicting fetal anemia, 
perhaps due to the changing rheology of the transfused adult 
red cells that make up the majority of the fetal red mass after 
serial IUTs.84 The final IUT procedure is usually not performed 
past 35 weeks’ gestation, and the patient is scheduled for delivery 
approximately 3 weeks later. The administration of oral pheno
barbital (30 mg tid) for 10 days prior to delivery has been shown 
in one retrospective study to decrease the need for neonatal 
exchange transfusions for hyperbilirubinemia by 75% .85

Severely anemic fetuses in the early second trimester 
do not tolerate the acute correction o f their hematocrit to 
normal values. 86 In these situations, the initial hematocrit 
should not be increased by more than fourfold at the time of 
the first procedure. A repeat IVT is then performed within 48 
hours to correct the fetal hematocrit into the normal range.8

C o m p licatio n s and O utco m e
Complications from IUT are uncommon. The total procedure- 
related perinatal loss was 3.8% of fetuses and 1.2% of proce
dures in one series of over 300 procedures.88 Survival after 
IUT varies with the center, its experience, and the presence of 
hydrops fetalis. An overall survival rate o f 91%  has been 
reported in one series o f over 1400 procedures. 89 The presence 
of fetal hydrops, particularly if  this does not resolve after several 
IUTs, has been associated with a lower rate of perinatal sur
vival.9" Preterm premature rupture of the membranes (PPROM) 
and chorioamnionitis occur rarely. Fetal bradycardia is usually

transient, particularly when there is inadvertent puncture of the 
umbilical artery, and responds to removal of the procedure 
needle. Progression to fetal distress with the need for emergency 
delivery increases with advancing gestation and may complicate 
as many as 5% of procedures after 32 weeks’ gestation.91

N eonatal T ran sfu sio n s
The practice of prolonging the gestation of the treated fetus with 
HDFN until near term has resulted in a virtual absence of the 
need for neonatal exchange transfusions. Typically, these infants 
are born with a virtual absence of reticulocytes with a red cell 
population that consists mainly of transfused red cells. The 
blood bank may be confused if cord blood at delivery is submit
ted for neonatal red cell typing— the neonate will be typed as
O, RhD-negative, reflecting the antigen status of the donor 
blood used for the IUTs. Elevated levels of circulating maternal 
antibodies in the neonatal circulation in conjunction with sup
pression of the fetal bone marrow production of red cells often 
results in the need for neonatal red cell “top-up” transfusions 
after discharge from the nursery; this occurs in approximately 
50% of infants near 1 month of age.92 Therefore these children 
should be followed weekly with hematocrits and reticulocyte 
counts until recovery o f hematopoietic function is evident. 
Typically, only one neonatal transfusion is required, although a 
maximum of up to three has been reported. Supplemental iron 
therapy in these infants is unnecessary because they have excess 
levels of stored iron due to previous hemolysis in utero and 
lysis of red cells from the IUTs. Supplemental folate therapy 
(0.5 mg/day) should be considered.

N eu rolo g ic O u tco m e
Going forward, more data should be available to counsel the 
patient regarding long-term neonatal outcomes because fetuses 
with severe anemia and hydrops are likely to survive today sec
ondary to the use of IVTs. A study o f almost 300 children 
treated with IUTs for HDFN found an overall incidence of 
neurodevelopmental impairment o f 4 .8 % . 93 Severe hydrops 
was associated with an elevenfold increase in neurologic 
problems.

Elevated levels of bilirubin have been associated with hearing 
loss in the neonate. Therefore, newborn screening for hearing 
loss would appear to be warranted in children with HDFN. 
Follow-up screening at 1 and 2 years of age should be 
considered.

O T H E R  T R E A T M E N T  M O D A L IT IE S
Before the advent of the IUT, maternal plasmapheresis repre
sented one of the few therapeutic modalities for severe HDFN. 
Most literature reports include single cases or relatively small 
case series. Despite these limitations, a review94 of the published 
cases reveals a perinatal survival rate of 69%. Intravenous 
immune globulin (IVIG) has also been used effectively as the 
sole antenatal treatment for HDFN. Hydrops fetalis was less 
likely to occur, and the onset of anemia occurred later in preg
nancies treated with IVIG. Some experts have proposed a 
combined approach in patients with a previous perinatal loss 
in the early second trimester when technical limitations 
make the success o f IUT unlikely.15 Plasmapheresis is started 
at 12 weeks’ gestation and repeated three times in that week. 
The maternal titer should be expected to be reduced by 50%.
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IVIG is then given to replace the globulin fraction removed by 
plasmapheresis in the form of a 2 g/kg loading dose after the 
third plasmapheresis; this is followed by 1 g/kg/week of IVIG 
until 20 weeks’ gestation.

FU TU R E T H E R A P E U T IC  O P T IO N S
Patients with high anti-red cell titers and recurrent perinatal 
loss in the second trimester have few options other than artifi
cial insemination with red cell antigen-negative donor semen, 
surrogate pregnancy, or preimplantation diagnosis (if the father 
is heterozygous). Peptides associated with the proliferation of 
T-helper cells in the development o f antibody to the RhD 
antigen and monoclonal anti-D blocking antibodies are cur
rently being investigated to ameliorate an established anti-D 
response, thereby preventing severe HDFN in a subsequent 
pregnancy. 96,97 Proteasome inhibitors used in in the suppression 
of antibodies in transplant rejection and in cases of multiple 
myeloma may prove useful for suppression of RhD alloimmu-

98mzation prior to pregnancy.

H E M O L Y T IC  D IS E A S E  O F T H E F E T U S  A N D  
N EW B O R N  D U E T O  N O N -R h D  A N T IB O D IE S
Antibodies to the red cell antigens Lewis, I, M, and P are 
often encountered through antibody screening during pre
natal care. Because these antibodies are typically o f the IgM 
class, they are not associated with HDFN.99

However, antibodies to more than 50 other red cell antigens 
have been reported to be associated with HDFN (Table 34-2). 
More important, only three antibodies—anti-RhD, anti- 
Rhc, and anti-Kell (K l)— cause significant enough fetal 
hemolysis that treatment with IUT is considered necessary. 
In one series from a tertiary care center for IUT in the Nether
lands, 85% of cases involved anti-D; 10%, anti-K l; and 3.5%, 
anti-c. In addition, one case each of anti-E, anti-e, and anti-Fy3 
was also reported.100

Rhc
Anti-c antibody should be considered equivalent to anti-D 
regarding its potential to cause HDFN. In one report, 25% of

TABLE 34-2 NON-RhD ANTIBODIES AND ASSOCIATED HEMOLYTIC DISEASE OF THE FETUS AND NEWBORN

ANTIGEN SPECIFIC ANTIGEN SPECIFIC ANTIGEN SPECIFIC
SYSTEM ANTIGEN SYSTEM ANTIGEN SYSTEM ANTIGEN

Frequently Associated With Severe Disease
Kell -K (K l)
Rhesus -c
Infrequently Associated With Severe Disease
Colton -Co1 MNS -Mur Scianna -Sc2

-Co3 -M v -Rd
Diego -ELO -s Other Ags -Bi

-Di1 -sD -Good
-D ib -S -

Heibel
-Wr1 -U -HJK
-Wrb -Vw -H t1

Duffy -Fy1 Rhesus -Be1 -Jones
Kell -Jsb -C -Joslin

-k (K2) -Ce -Kg
"Kp1 c - -Kuhn
-Kpb -ce -Li1
- K ll -E -M AM
-K22 -Ew -

Niemetz
-Ku -Evans -REIT
-U l1 -G -Reiter

Kidd -Jk‘ -Go1 -Rd
MNS -En1 -Hr -Sharp

-Far -Hr0 -Vel
-Hil -JAL -Zd
-Hut -Rh32
-M -Rh42
-M ia -Rh46
-M t1 -STEM
-M U T -Tar

Associated With Mild Disease
Duffy -Fyb Kidd -Jkb Rhesus -Riv

-Fy3 -Ik3 -RH29
Gerbich -Ge2 MNS -M it Other -At1

-Ge3 Rhesus -Cx -JFV
-Ge4 -Dw -Ir1
-Ls* -e -Lan

Kell -Js“ -HO FM
-LOCR

From Moise KJ. Hemolytic disease of the fetus and newborn. In Creasy RK, Resnik R, lams J, eds. M aternal-F etal M edicin e, Principles a n d  Practice, ed 5. Philadelphia: Elsevier; 2004. 
Ag, antigen; HDFN, hemolytic disease of the fetus and newborn.
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782 Section V Complicated Pregnancy

TABLE 34-3 GENE FREQUENCIES (%) AND ZYGOSITY (%) FOR OTHER RED CELL ANTIGENS ASSOCIATED WITH
____________ HEMOLYTIC DISEASE OF THE NEONATE_________________________________________________________

WHITE ___________ BLACK___________  __________H ISPANIC_________

A n t ig e n  + H e t e r o z y g o u s  A n t ig e n  + H e t e r o z y g o u s  A n t i g e n  + H e te r o z y g o u s

C 70 50 30 32 81 51
c 80 50 96 32 76 51
E 32 29 23 21 41 36
e 97 29 98 21 95 36
K (K l) 9 97.8 2 100
k(K 2) 99.8 8.8 100 2
M 78 64 70 63
N 77 65 74 60
S 55 80 31 90
s 89 50 97 29
U 100 — 99 —
F/ 66 26 10 90
Fyb 83 41 23 96
jk - 77 36 91 63
]k b 72 32 43 21

Modified from Moise KJ. Hemolytic disease of the fetus and newborn. In Creasy RK, Resnik R, lams J, eds. M aternal-F eta l M ed icin e: P rin ciples a n d  Practice, ed 5. Philadelphia: Elsevier; 
2004.

antigen-positive fetuses were noted to have severe HDFN, 7% 
were hydropic, and 17% required IUTs for therapy.101

R h C , RhE, and Rhe
RhC, RhE, and Rhe antibodies are often found in low titer in 
the alloimmunized patient with anti-D. Their presence may be 
additive to the fetal hemolytic effect of anti-D .102 W hen they 
occur alone, mild HDFN is usually the clinical course. Only a 
handful of case reports have indicated the need for treatment 
with IUT with each of these antibodies.100,103

Duffy
The Duffy antigen system consists of two antigens, Fy1 and Fyb. 
Only anti-Fya has been associated with mild HDFN.104

Kidd
The Kidd antigen system consists of two antigens, Jka and Jkb. 
Rare cases of mild HDFN have been reported.

Kell
The Kell antigen system includes 23 different members. Anti
bodies to at least nine of the Kell antigens have been associated 
with HDFN. The most common of these is Kell (also designated 
K, K l)  and cellano (k, K2). Additional antibodies that have been 
reported to be causative for HDFN include -Penny (Kp“, K3), 
-Rautenberg (.Kpb, K4), -Peltz (Ku, KS), -Sutter (//, K6), -Mat- 
thews (Jsh, K7), -Karhula {UP, K10) and -K22.9’ Unlike the case 
of other hemolytic antibodies, fetal anemia due to Kell (anti-K l) 
sensitization is thought to be secondary to not only hemolysis 
but also to suppression of fetal erythropoiesis.10,

The majority o f cases o f K l sensitization are secondary to 
previous maternal blood transfusion, usually as a result o f 
postpartum hemorrhage in a previous pregnancy. Because 
92%  o f individuals are Kell negative, the initial management 
o f the Kl-sensitized pregnancy should entail paternal red cell 
typing and genotype testing. If the paternal typing returns 
Kl-negative (kk) and paternity is assured, no further maternal 
testing is undertaken. The majority of Kell-positive individuals 
will be heterozygous (Table 34-3). Amniocentesis can be used 
to determine the fetal genotype in these cases because ccffDNA 
for fetal Kell typing is currently only available in Europe. A

lower maternal critical antibody value o f 8  has been pro
posed to begin fetal surveillance.10'’ Serial MCA Doppler 
studies have proven effective in detecting fetal anemia. 10

KEY POINTS

♦ Alloimmunization to the RhD, Kell (K l), and Rhc red 
cell antigens is the main cause for severe HDFN.

♦ Despite the widespread use of RhIG, approximately six 
cases of RhD alloimmunization occur annually per 
1000 live births in the United States.

♦ Hydrops feta lis is defined as extracellular fluid in two 
fetal compartments; it represents the end-stage of fetal 
anemia in HDFN.

♦ The rhesus D, C, c, E, and e antigens are coded by two 
genes located on the short arm of chromosome 1.

♦ The rule of thumb should be to administer RhIG when 
in doubt, rather than to withhold it.

♦ A critical maternal antibody titer can be used in the first 
affected pregnancy to decide when to begin further fetal 
testing.

♦ The fetal peak systolic M CA Doppler velocity can be 
used to determine the onset of fetal anemia.

♦ In the case of a heterozygous paternal phenotype for a 
particular red cell antigen, fetal typing can be under
taken through ccffDNA in maternal plasma for the 
RHD gene; fetal DNA typing for other red cell antigens 
can be obtained through amniocentesis.

♦ Intravascular fetal intrauterine transfusions are the 
mainstay of fetal therapy with an overall perinatal sur
vival of greater than 90%.

♦ Except in cases of alloimmunization to Kell antigens, 
irregular red cell antibodies in pregnancy should be 
managed in a similar fashion to RhD.
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H jp f Amniotic Fluid Disorders
WILLIAM M. GILBERT

O v e r v i e w  7 8 6  

Am niotic Fluid Volume 7 8 6

Ultrasound Assessment of Amniotic Fluid 
Volume 7 8 6  

Am niotic Fluid Formation 7 8 8

Fetal Urine 7 8 8  

Lung Liquid 7 8 8

Am niotic Fluid Removal 7 8 9

Fetal Swallowing 7 8 9  

Intramembranous Absorption 7 8 9  

Oligohydramnios 7 9 0
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Oligohydramnios 791 

Oligohydramnios in Labor 7 9 1

Polyhydramnios 7 9 2

Evaluation and Treatm ent of 
Polyhydramnios 7 9 2

; KEY ABBREVIATIONS ]

Amniotic fluid AF
Amniotic fluid index AFI
Amniotic fluid volume AFV
Antiphospholipid syndrome APS
Intrauterine fetal death IUFD
Intrauterine growth restriction IUGR
Maximum vertical pocket MVP
Neonatal intensive care unit NICU
Odds ratio OR
Perinatal mortality rate PMR
Premature rupture of the membranes PROM
Twin-to-twin transfusion syndrome TTTS

O V E R V IE W
Abnormalities o f amniotic fluid volume (AFV) raise the 
concern for an underlying fetal or maternal complication 
during pregnancy or fetal/neonatal compromise. The peri
natal mortality rate (PMR) approaches 90%  to 100%  with 
severe oligohydramnios in the second trimester and can 
exceed 50%  with significant polyhydramnios in midpreg
nancy. Although these two extreme conditions are rare, other 
less drastic examples are more common and can impact preg
nancy outcome. Efforts to study abnormalities of amniotic fluid 
(AF) are complicated by the fact that despite over 30 years of 
research in various human and animal models, little is known 
about the processes involved in normal AFV regulation. M any 
of the disease states associated with the extremes of AFV are 
better understood than the physiologic processes that maintain 
the normal state.

This chapter explores what is known about the normal mecha
nisms that effect the production and removal of AF, including 
fetal urination, swallowing, lung liquid, and intramembranous 
absorption. The normal changes in AFV and composition across

gestation are reviewed, as well as AFV abnormalities that include 
oligohydramnios and polyhydramnios, along with the possible 
underlying causes and treatment modalities.

A M N IO T IC  FLU ID  V O L U M E
Attempts to measure true AFV are difficult because of obvious 
limitations. To measure the actual volume of AF, an inert dye 
must be injected into the amniotic cavity via amniocentesis, and 
samples of amniotic fluid must be obtained to determine a dilu
tion curve. Although the dye injection technique is considered 
the gold standard for determining actual AFV and is compared 
with other methods of estimating AFV, such as ultrasound, it is 
impractical to utilize an invasive test to assess AFV in clinical 
practice.

Despite these limitations, Brace and Wolf6 identified all pub
lished measurements of AFV in 12 studies with 705 individual 
AFV measurements; for each week of gestation, wide variation 
was seen in AFV (Fig. 35-1). The greatest variation occurred at
32 to 33 weeks of gestation, when the normal range was 400 to 
2100 mL (5th to 95th percentile); this represents a wide normal 
range. One of the most interesting findings of the Brace and 
W olf study is that from 22 through 39 weeks o f gestation, the 
average volume o f AF (black dots on Fig. 35-1) remained 
unchanged despite an increase in fetal weight from about 
500 g to 3500 g, a sevenfold increase.1’ Using the dye dilution 
technique, others found that the normal range was less and the 
peak AFV occurred at 40 weeks of gestation, instead of 30 to 
38 weeks. These studies suggest the AFV is closely regulated 
throughout pregnancy.

U ltraso u n d  A sse ssm e n t of A m n io tic  
Fluid V o lu m e
Ultrasound has largely replaced clinical assessment of AFV based 
on the Leopold maneuver or fundal height measurements. 
However, AF disorders should be suspected when the uterus 
measures too large or too small for the gestational age. Polyhy
dramnios may be present i f  the maternal uterus is large for 
gestational age (LGA) or i f  the fetus cannot be easily palpated
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Gestational age (weeks)
FIG 35-1 Nomogram showing amniotic fluid volume as a function of gestational age. The black dots are the mean for each 2-week interval. 
Percentiles are calculated from a polynomial regression equation and standard deviation of residuals. (From Brace RA, Wolf EJ. Normal amniotic 
fluid volume throughout pregnancy. Am J Obstet Gynecol. 1989:161:382.)

or is ballotable. The diagnosis o f oligohydramnios is a con
sideration when the fundal height is small for gestational age 
(SGA) or the fetus is easily palpated.

Early ultrasound estimations o f AFV were made by mea
suring the maximum vertical pocket (MVP) o f AF. 8 Cham
berlain and colleagues9 and Mercer and colleagues10 found that 
perinatal morbidity and mortality rates were increased with an 
MVP of less than 1 cm and 0.5 cm, respectively. These lower 
values of the MVP identified at-risk fetuses, but the low sensitiv
ity for identifying the majority of pregnancy complications asso
ciated with oligohydramnios was unacceptable and prompted 
other investigators to select higher cut-off values.

Subsequently, Phelan and others11' 13 proposed a four 
quadrant assessment o f AF referred to as the am n io tic  f l u i d  
index  (AFI). After 20 weeks, the uterus is divided into four 
equal quadrants, as shown in Figure 35-2. The deepest pocket 
of AF is measured in each quadrant, making sure that the 
ultrasound transducer is perpendicular to the floor and that 
fetal body parts and umbilical cord do not interfere with the 
vertical measurement (Fig. 35-3). The sum o f the MVP in each 
quadrant equals the AFI. 13 Moore and Cayle13 performed a 
cross-sectional study of 791 normal pregnancies; the 5th and 
95th percentile of the AFI varied for each gestational age. At 
the 95th percentile, the AFI at 35 to 36 weeks’ gestation was 
24.9 cm, and it was 19.4 cm at 41 weeks’ gestation. The varia
tion in the AFI at the 5 th percentile was less than that of the 
95th percentile, but it still varied by as much as 2.5 cm. Finally, 
the investigators reported the interobserver and intraobserver 
variation to be 3.1% and 6.7% , respectively, which is accept
able for this commonly performed procedure. Comparing the 
ultrasound estimation of the AFV by the API (Fig. 35-4) with 
the actual measured volume (see Fig. 35-1) demonstrates very 
similar appearing curves.

Studies that have compared estimates of AFV by ultrasound 
(MVP and AFI) with actual measurements taken by the 
dye-dilution technique demonstrate that MVP and AFI

FIG 35-2 Schematic diagram of the technique for measuring the four- 
quadrant amniotic fluid index.

measurements are poor predictors of actual AFV. Dildy and 
colleagues14 found that the AFI overestimated the actual volume 
in 88% of cases at lower volumes, and it underestimated the 
actual volume in 54% of cases at higher volumes. However, this 
difference should not alter clinical practice. Magann and col
leagues15 reported a sensitivity of 10% (specificity 96%) for an 
AFI measurement of less than 5 cm (oligohydramnios), and the 
sensitivity was 5% (specificity 98%) for MVP up to 2 cm. For 
cases of suspected polyhydramnios, an AFI greater than 20 cm 
had a sensitivity of 29% (specificity 97%), as did an MVP of 
greater than 8 cm (specificity 94%). Ihe MVP method had 
fewer false-positive tests compared with the AFI.1’’ Based on 
these findings, the authors concluded that the MVP is superior
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1 D 5.87cm

FIG 35-3 Ultrasound image demonstrates measurement of the 
maximum vertical pocket (MVP) within the uterus by holding the 
transducer perpendicular to the floor and determining the MVP of 
amniotic fluid in centimeters.

Amniotic fluid index

Gestational age (weeks)

FIG 35-4 Amniotic fluid index (AFI) plotted with gestational age. The 
black line denotes the 50th percentile; red and green lines, the 5th 
and 95th percentiles; and the orange and black lines, +2 standard 
deviations (2.5th and 97.5th percentiles). (From Moore TR, Cayle JE. 
The amniotic fluid index in normal human pregnancy. Am J Obstet 
Gynecol. 1990;162;1168.)

to the AFI.16 In contrast, Moore1 found the AFI superior to the 
MVP for identifying cases of oligohydramnios but found the 
two methods similar at predicting polyhydramnios. In a recent 
review, Moise18 found that the MVP was superior to the AFI in 
diagnosing oligohydramnios using an MVP less than 2 cm. 
Although the MVP appears to he the preferred method to 
diagnose oligohydramnios near term, the vast majority of 
research on ultrasound measurement o f AFV utilizes the AFI.

Differences in ultrasound technique, specifically the pressure 
of the transducer on the maternal abdomen, can affect the 
accuracy of the ultrasound measurement of AF. Low pressure

can result in a higher AFI, compared with moderate pressure, 
whereas high pressure on the maternal abdomen can result in a 
decrease in the AFI measurement. Despite overwhelming evi
dence that current ultrasound methods are poor predictors 
o f abnormal AFV, clinical practice continues to include the 
use o f weekly or twice-weekly ultrasound estimates of AFV 
to assess fetal status.

For many years, investigators have tried with mixed success 
to demonstrate the utility and applicability of ultrasound esti
mation of AFV in relation to perinatal outcome. Early work by 
Chamberlain and colleagues9 found that when the MVP was 
less than 1  cm, a marked increase was seen in perinatal mor
bidity and mortality that persisted even after correcting for 
birth defects.

A M N IO T IC  FLU ID  FO R M A T IO N  
Fetal Urine
The main source o f AF is fetal urination. In the human, the 
fetal kidneys begin to make urine before the end of the first 
trimester, and production of urine increases until term. Many 
different animal models have been used to study fetal urine 
production. The fetal sheep provides an excellent model for 
comparative human study owing to its similar fetal weight at 
term, its sufficient size to allow catheter placement, and the fact 
that the sheep fetus has a low risk of premature labor after cath
eter placement. In the fetal sheep, urine production has been 
reported to be approximately 200 to 1200 mL/day in the last 
third of pregnancy.19 21 Efforts to measure human fetal urine 
production have been accomplished by ultrasound measure
ments of the change in fetal bladder volume over time. Wladi- 
miroff and Campbell22 initially measured three dimensions of 
the fetal bladder every 15 minutes and reported a human fetal 
urine production rate of 230 mL/day at 36 weeks of gestation, 
which increased to 655 mL/day at term. Others found similar 
volumes using the same technique. Interestingly, using the same 
technique but measuring the change in volume every 2 to 5 
minutes, Rabinowitz and colleagues23 found fetal urine produc
tion to be much greater than previously predicted (1224 mL/ 
day). This was confirmed by three-dimensional (3-D) ultra
sound and computer modeling.2"* Fetal urine-production rates 
from several studies are shown in Figure 35-5.22’23>25'28 Human 
fetal urine-production rate appears to be approximately 
1000 to 1200 mL/day at term, which suggests that the entire 
AFV is replaced more frequendy than every 24 hours.

Lung Liquid
Fetal lung liquid also plays an important role in AF forma
tion. For years, it was presumed that actual movement of AF 
into the fetal lungs occurred; however, recent data offer no 
support for this concept.29,30 In fact, throughout gestation, the 
fetal lungs produce fluid that exits the trachea and is either swal
lowed or leaves the mouth and enters the amniotic compart
ment. In fetal sheep experiments, the lungs have been reported 
to produce volumes of up to 400 mL/day, with 50% being swal
lowed and 50% exiting via the mouth.31'35 Although we do not 
have direct measurements in humans, the presence of surfactant 
in the AF near term provides evidence for the outward flow of 
lung liquid. During normal fetal life, fetal breathing movements 
provide a “to-and-fro” movement of AF into and out of the 
trachea, upper lungs, and mouth with a net outward movement 
of fetal lung liquid into the AF.36
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FIG 35-5 Normal changes in fetal urine flow rates across gestation. 
Lines represent mean values for six studies in the literature,3S4° 
whose first authors are shown. The highest line is data from Rabi-
nowitz and colleagues and represents bladder volume measurements
every 5 minutes, instead of every 15 minutes, as is the case for the 
other five studies. (Studies referenced from Gilbert WM, Brace RA: 
Amniotic fluid volume and normal flows to and from the amniotic 
cavity. Semin Perinatol. 1993;7:150.)

A M N IO T IC  FLU ID  R E M O V A L  
Fetal S w a llo w in g
In the human, fetal swallowing begins early in gestation and 
contributes to the removal o f AF. In the fetal sheep, swallowing 
has mostly been measured in the latter half of pregnancy and 
appears to increase with increasing gestational age. Sherman and 
colleagues' reported that the ovine fetus swallows volumes of 
100 to 300 mL/kg/day in episodes that last 2 minutes. In the 
term ovine fetus, that volume represents a daily swallowing rate 
o f350to  1000 mL/day for a 3 .5-kg fetus. This is obviously more 
than the adult sheep, which drinks 40 to 60 mL/kg daily.

M any different techniques have been used to determine swal
lowing rates in the animal model, including repetitive sampling 
of injected dye and actual flow probe measurements.1' '' For 
obvious reasons, actual measurement of human fetal swallowing 
is much more difficult. Human fetal swallowing was studied in 
the distant past by injecting radioactive chromium-labeled 
erythrocytes and Hypaque (Amersham Health, Princeton, NJ) 
into the amniotic compartment, and swallowing rates of 72 to 
262 mL/kg/day were found in studies in the 1960s.~l ,f< Abramov
ich39 injected colloidal gold into the human amniotic compart
ment and found that fetal swallowing increased with advancing 
gestational age. He also found similar swallowing rates to those 
previously reported.38 Obviously, similar studies could not be 
performed today, but this information is helpful in our under
standing of human fetal swallowing. Fetal swallowing does not 
remove the entire volume o f fluid that enters the amniotic 
compartment from fetal urine production and lung liquid; 
therefore other mechanisms o f AF removal such as intra
membranous absorption must occur.

Chapter 35 Amniotic Fluid Disorders

Gestational age (weeks)

FIG 35-6 Change in maternal and fetal plasma and in amniotic fluid 
osmolality across gestation. (From Gilbert WM, Moore TR, Brace RA. 
Amniotic fluid volume dynamics. Fetal Med Review. 1991 ;3:89.)

In tram em b ran o us A bsorption
One major stumbling block to the understanding of AFV regu
lation was the discrepancy in volume between fetal urine and 
lung-liquid production and its removal by swallowing. If the 
measurements and estimates of AF production and removal were 
accurate, at least 500 to 750 mL/day of excess fluid would enter 
the amniotic compartment, which should have resulted in acute 
polyhydramnios. This does not occur under normal conditions 
(see Fig. 35-1); therefore a second route for AF removal has been 
suggested, namely the intramembranous pathway.24,40'43 This 
process describes the movement of water and solutes between 
the amniotic compartment and the fetal blood, which circulates 
through the fetal surface of the placenta. The large osmotic 
gradient (Fig. 35-6) between AF and fetal blood provides a 
substantial driving force for the movement of AF into the fetal 
blood. Intramembranous absorption has been described in detail 
in the fetal sheep and has also been demonstrated in the rhesus 
monkey fetus.43 Several anecdotal studies suggest that intramem
branous absorption also occurs in humans. H eller" and Renaud 
and colleagues45 each injected labeled amino acids into the amni
otic compartments of women, who were shortly thereafter deliv
ered by cesarean section. Both groups found high levels of the 
amino acids concentrated in the placenta within 45 minutes of 
injection. They concluded that the amino acids had to have been 
absorbed by some route other than swallowing in order to 
explain the rapid absorption into the fetal circulation within the 
placenta. Intramembranous absorption could easily explain 
this movement. This route o f absorption is now being actively 
investigated, and researchers have noted that 200 to 500 mL/ 
day leaves the amniotic compartment under normal physi
ologic conditions.40,41,46 In addition, it has been reported that 
absorption through the intramembranous pathway can increase 
almost tenfold under experimental conditions in sheep.1 Figure
35-7 summarizes all currently identified avenues for fluid entry 
and exit from the amniotic compartment and measured or esti
mated volumes. The flow of fluid into and out of the amniotic
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FIG 35-7 All known pathways for fluid and solute entry and exit from 
the amniotic fluid in the fetus near term. Arrow size is relative to 
associated flow rate. Solid red arrows represent directly measured 
flows, whereas the blue arrows represent estimated flows. The 
numbers represent volume flow in milliliters per day. The curved 
portion of the double arrow represents lung fluid that is directly swal
lowed after leaving the trachea, whereas the straight portion repre
sents lung fluid that enters the amniotic cavity from the mouth and 
nose. (From Gilbert WM, Moore TR, Brace RA. Amniotic fluid volume 
dynamics. Fetal Med Review. 1991 ;3:89.)

cavity appears to be in a state of balance. Recent work on 
the mechanisms associated with intramembranous absorption 
suggests that four intramembranous transport mechanisms act 
in concert and include (1) a unidirectional bulk transport of AF 
and solutes out of the AF into the fetal circulation, (2) passive 
bidirectional diffusion of solutes, (3) passive bidirectional water 
movement, and (4) unidirectional transport of lactate into the 
AF.'16 In spite of these new findings, overall AFV regulation still 
needs further investigation.

O L IG O H Y D R A M N IO S
The incidence of oligohydramnios varies depending on which 
definition is used; reported rates vary between 1% and 3%.48 
The incidence of oligohydramnios is much higher (19% to 20%) 
among women undergoing antepartum testing for an underly
ing maternal or fetal indication.16 Three studies reported actual 
measurements of AFV for oligohydramnios from less than 
200 mL to 500 mL.6,49,50 W ith the advent of ultrasound estima
tion of AFV, multiple thresholds have been reported.3,s In clini
cal practice, an MVP less than 1  to 2  cm or an AFI less than
5 cm are commonly used as criteria for the diagnosis of 
oligohydramnios.

Chamberlain and colleagues9 reported a fiftyfold increase in 
PMR for pregnancies with an MVP of less than 1 cm. This 
report was instrumental in raising concern about the risk of 
stillbirth and neonatal mortality in the presence of oligohydram
nios. A second, less often reported finding of that study was that 
40% of the cases with oligohydramnios also had other con
founding factors such as intrauterine growth restriction (IUGR), 
maternal hypertensive disorders, and congenital malformations. 
Other investigators have reported that oligohydramnios in the 
prolonged pregnancy has an increased risk of meconium staining 
of the AF, fetal distress in labor, and low 1-minute Apgar scores.48

The PMR approaches 100% when the AFV is greatly decreased 
early in pregnancy, especially in midpregnancy.1'3 The cause of 
the decrease or absence of AF largely determines the perinatal

BOX 35-1 FETAL AND MATERNAL CAUSES OF 
OLIGOHYDRAMNIOS

Fetal Conditions

• Renal agenesis
• Obstructed uropathy
• Spontaneous rupture o f the m em branes
• Prem ature rupture o f the m em branes
• A bnorm al placentation
• Prolonged pregnancy
• Severe intrauterine grow th restriction

Maternal Conditions

• D ehydration-hypovolem ia
• H ypertensive disorders
• U teroplacental insufficiency
• Antiphospholip id  syndrom e

outcome (Box 35-1). W ith renal agenesis, virtually 100% of 
newborns die because of pulmonary hypoplasia. AF is required 
for fetal lung development during certain periods of early 
and mid gestation. If premature rupture of the membranes 
(PROM) results in a loss of all AF, neonatal survival will vary 
based on the gestational age when the membranes ruptured and 
whether intraamniotic infection was the cause of the membrane 
rupture.51 Oligohydramnios can also occur with maternal con
ditions such as hypertensive disorders or the antiphospholipid 
syndrome (APS). In these cases, if  the fetus is large enough 
to survive outside of the uterus, there may be little impact on 
perinatal outcome other than the consequences of prematurity.51

A common incidental finding is the existence of a low AFI in 
an otherwise normal pregnancy. Because the diagnosis of oligo
hydramnios has been associated with poor perinatal outcomes, 
many women who are at or near term are sent to labor and 
delivery to be considered for induction solely because of a low 
AFI. Frequently, their cervical examination is unfavorable for 
induction, and an induction is attempted in spite of this; often 
this ends in a cesarean delivery for failed induction. Although 
the evidence for induction in the prolonged pregnancy is 
solid (see Chapter 36), the term or preterm patient with iso
lated oligohydramnios may not need immediate delivery. 
Having said this, borderline oligohydramnios has been found to 
be a predictor of SGA newborns with an increase in admissions 
to the neonatal intensive care unit (NICU) but no other signifi
cant morbidities.52 Lagrew and colleagues53 reported that 41% 
of women with oligohydramnios, as determined by the AFI, had 
a normal AFI 3 to 4 days later. They also found that a normal 
AFI measurement was valid for 1 week, which suggests that the 
test need not be repeated more often except in certain high-risk 
situations. Magann and colleagues16 examined 1001 high-risk 
women who underwent antepartum testing. They found that 
those with an AFI of less than 5 cm (19% of cases) had similar 
outcomes to those whose AFI was in the normal range, and these 
researchers concluded that an AFI of less than 5 cm was not an 
indication for delivery.16 Rainford and colleagues54 examined 
232 women at more than 37 weeks of gestation who had an AFI 
of less than 5 cm (19%). They found outcomes to be no worse 
when compared with those whose AFI was in the normal range. 
In fact, the risk of meconium staining of the AF was found to 
be increased (35% vs. 16%) in the normal group.54 Finally, 
Casey and colleagues48 examined 6423 women at more than 34 
weeks’ gestation with an AFI of less than 5 cm and found an
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Chapter 35 Amniotic Fluid Disorders 791

increase in intrauterine fetal death (IUFD), admissions to the 
NICU, neonatal death, low birthweight (LBW), and meconium 
aspiration syndrome (MAS) compared with women with an AFI 
of greater than 5 cm. If the birth defects and IUGR were 
removed, no difference was seen in admissions to the NICU, 
neonatal death, or respiratory distress syndrome (RDS).48 This 
suggests that IUGR and birth defects contributed to the increased 
morbidity and mortality, not the oligohydramnios. All cases 
with oligohydramnios should be evaluated for evidence of 
IUGR and should be followed with antepartum testing.

Evaluation and T reatm en t of O lig o h yd ram n io s
When the diagnosis o f oligohydramnios is made in the 
second trimester, it is vitally important to obtain a complete 
history and physical exam and to perform a targeted ultra
sound to help identify a cause (see Box 35-1). The patient 
should be questioned for any history consistent with rupture of 
the membranes, leakage of clear or bloody fluid, or wetness of 
her underwear. If there is a question of possible rupture of the 
membranes (ROM), a sterile speculum examination should be 
performed in an attempt to obtain fluid that can be examined 
for evidence of rupture. Specific tests include evidence of ferning 
on microscopy examination, a neutral pH on nitrazine paper, 
and pooling of fluid in the posterior vagina. Commercial tests 
are also available that screen for ROM: these include AmniSure 
(Qiagen, Hilden, Germany) and ROM Plus (Clinical Innova
tions, Murray, Utah), which check for certain proteins from the 
AF in the vagina. These tests reportedly have a higher sensitivity 
and specificity than either the fern or nitrazine tests. Next, a 
targeted ultrasound should be performed to assess the amount 
of AF present; evaluate fetal anatomy, including the kidneys and 
bladder; and determine appropriate interval growth. If the fetus 
is normally grown with kidneys and bladder visualized, more 
often than not, the amniotic membrane has ruptured prema
turely (PROM). If kidneys and bladder cannot be seen, the 
diagnosis is most likely renal agenesis. Renal agenesis is uni
formly fatal, whereas PROM can have a reasonable prognosis if 
it occurs after fetal viability and if  infection is not present.

Although severe oligohydramnios has an increased PMR later 
in the third trimester, it is still not as high as earlier in preg- 
nancy.3,48,55 Other studies have reported similar increases in peri
natal mortality associated with oligohydramnios, but most have 
not corrected for other underlying medical conditions.8 Because 
of the increase in perinatal morbidity and mortality associated 
with oligohydramnios in prolonged pregnancy, delivery is rec
ommended (see Chapter 36). As discussed earlier, the patient 
who presents with isolated oligohydramnios in the third trimes
ter may be a candidate for expectant management.16'48''”1

Several investigators have attempted to treat oligohydram
nios with the oral administration o f water in the hope of 
“hydrating” the fetus through the mother. Animal studies 
have demonstrated that a close relationship exists between the 
hydration status of the mother and the fetus.161 Attempts to 
dehydrate the mother have resulted in dehydration of the fetus, 
and in some cases vice versa. In human pregnancies, Goodlin 
and colleagues38 found that the maternal intravascular volume 
was low in cases of idiopathic oligohydramnios, and that by 
increasing the maternal intravascular volume, the oligohydram
nios resolved. In a randomized study, the oral administration 
of water increased the AFI in women with oligohydramnios.5' 
The treatment group that drank 2 L of water within 4 hours of 
a repeat AFI measurement had a significantly greater increase in

TABLE 35-1 CHANGE IN AMNIOTIC FLUID INDEX 4-6 
HOURS AFTER ORAL WATER HYDRATION

Before Treatment
AFI (cm)
USG
After Treatment
AFI (cm)
USG
Delta AFI (cm) 
Intake (mL)

CONTROL 
(/V= 20)

17.7 ± 5.0 
1.013 + 0.007

16.2 ±4.5* 
1.019 ±0.009f 
-1 .5  ± 2.7  
1576 + 607

HYDRATION
«V = 20)

18.4 ± 4.7 
1.015 + 0.008

21.4 ± 4.5f 
1.006±0.006t

3.0 ± 2.4 
1596 + 465

From Kilpatrick SJ, Safford KL. Maternal hydration increases amniotic fluid index in 
women with normal amniotic fluid. Obstet Gynecol. 1993;81:50.
*P < .02, paired t test before vs. after treatment.
VJ < .0001, paired I rest before vs. after treatment.
AFI, amniotic fluid index; Intake, amount of fluid intake over the previous 24 hours 
other than the 2 L; USG, urine specific gravity; D elta AFI, change in AFI from before to 
after treatment.

AFI on repeat testing (6.3 cm) than the control group (5.1 cm).59 
A follow-up study of women with a normal AFI demonstrated 
that the amount of water ingested could increase or decrease 
their AFI.60 As illustrated in Table 35-1, the AFI significantly 
increased in the oral hydration group compared with the control 
group. The control group was given what was thought to be a 
“normal” volume of water to drink, but the AFI actually 
decreased and urine osmolality increased. This suggests that the 
mothers were actually dehydrated during the control portion of 
the study. Both groups demonstrated that the AFI can be 
influenced by increasing or decreasing water intake orally.

M any other studies have shown a similar improvement in 
AFV with either oral or intravenous administration of water 
and/or crystalloids.61'63 In a prospective randomized trial of 
women with an AFI between 6 and 24 cm, the patients were 
either hydrated with 1 L of water over 1 hour and placed in the 
left lateral recumbent position or were not orally hydrated but 
were placed in the left lateral recumbent position. AFIs were 
measured every 15 minutes for 90 minutes. Both groups saw a 
similar increase in the AFI at 15 and 30 minutes, but the hydra
tion group saw a further increase at 45 minutes, which suggests 
that oral hydration— and simple bed rest alone, but to a lesser 
extent— can improve the AFI.63 Several researchers have reported 
success in improving AFV in women with oligohydramnios by 
the injection of a crystalloid solution into the amniotic compart
ment during an amniocentesis.64 Most of these studies, however, 
have been case reports; because no large prospective studies have 
been performed, the routine use of this approach for cases of 
severe oligohydramnios in mid gestation cannot be justified.

O lig o h yd ram n io s in Labor
Almost 30 years ago, Gabbe and colleagues65 worked with 
fetal monkeys and noted that when AF was removed from the 
amniotic compartment, variable decelerations in the fetal 
heart rate developed. These decelerations resolved when the AF 
was replaced, suggesting that cord compression was the cause of 
the decelerations. Since that time, multiple investigators have 
studied amnioinfusion as a technique by which to treat variable 
decelerations in labor. Although most report a decrease in the 
frequency o f variable decelerations, few have demonstrated 
any decrease in perinatal morbidity or mortality or in the 
cesarean delivery rate. 66'69 Amnioinfusion has been studied as 
a possible therapy in the case of thick meconium. In several small
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792 Section V Complicated Pregnancy

prospective studies, it has been shown to improve neonatal out
comes, including meconium visualized below the newborn vocal 
cords and meconium aspiration syndrome.70' 3 Sadovsky and 
colleagues74 found that with the randomization of women with 
greater than light meconium to a control or amnioinfusion treat
ment group, 29% of control newborns had meconium below 
the umbilical cords, whereas none of the treated newborns did. 
A meta-analysis of the therapeutic use of amnioinfusion for thick 
meconium demonstrated a reduction (odds ratio [OR] 0.3; 95% 
confidence interval [CI], 0.19 to 0.46) in meconium below the 
vocal cords at delivery.75 A more recent, multicenter, randomized 
trial of 1998 women in labor at 36 weeks’ gestation or later with 
thick meconium did not find that amnioinfusion reduced the 
risk of moderate or severe meconium aspiration syndrome or 
perinatal death.76 Based on this large multicenter trial, ACOG 
recommends against routine prophylactic amnioinfusion for 
the dilution o f meconium-stained amniotic fluid.

P O L Y H Y D R A M N IO S
The incidence of polyhydramnios is 1% to 2%. The earlier in 
gestation polyhydramnios occurs and the greater the amount of 
fluid, the higher the perinatal morbidity and mortality.4 Ultra
sound assessment of the MVP or AFI is used to confirm the 
diagnosis of polyhydramnios.

Many authors define polyhydramnios as an MVP o f greater 
than 8  cm, whereas others use an AFI o f 25 cm or greater. 
H ill and colleagues78 divided their patients with polyhydramnios 
into three groups: mild  (MVP 8 to 11 cm, 79% of cases), moder
ate (MVP 12 to 15 cm, 16.5%), and severe (MVP >16 cm, 5%). 
Overall, the perinatal mortality rate was 127.5/1000, which cor
rected to 58.8/1000 when lethal malformations were excluded. 
This value is markedly increased over the background rate. A 
specific cause was identified in only 16% of the pregnancies 
with mild, 90% with moderate, and 100% with severe polyhy
dramnios. Fetal and maternal conditions associated with poly
hydramnios are shown in Box 35-2. In a follow-up study, Many 
and colleagues79 examined 275 women with polyhydramnios to 
determine whether its degree had any influence on the rate of 
prematurity. Although excessive AF did not impact the rate of 
prematurity, the presence of anomalies or diabetes mellitus was 
associated with an increased risk of preterm delivery.811 Severe 
polyhydramnios in the second trimester has a significant 
PMR due to prematurity or aneuploidy. 8 182 Pregnancy com
plications associated with polyhydramnios have been reported 
to increase the risk for placental abruption and postpartum 
hemorrhage as a result of overdistension or rapid deflation of 
the uterus, and this should be taken into consideration in the 
plan of care.

Evalu atio n  and Treatm en t of P o lyh yd ram n io s
The pregnant woman who presents with a rapidly enlarging 
uterus in mid pregnancy, with or without preterm labor, 
needs to be evaluated by an ultrasound examination to 
measure the AFV and assess fetal anatomy. Esophageal atresia 
with or without tracheoesophageal fistula can present with early- 
onset severe polyhydramnios due to an obstruction of swallow
ing. Other gastrointestinal obstructions such as duodenal atresia 
may result in polyhydramnios.78 When a structural defect is seen 
in a fetus with polyhydramnios, consideration should be given 
to performing an amniocentesis for microarray analysis (see 
Chapter 10).

BOX 35-2 FETAL AND MATERNAL CAUSES 
OF POLYHYDRAMNIOS

Fetal Conditions
C o n g e n ita l a n o m a lie s

• G a s tro in te s tin a l o b s tru c tio n , ce n tra l n e rv o u s  system  
a b n o rm a lit ie s , cy s tic  h y g ro m a , n o n im m u n e  h yd rops, 
sa cro co ccyg e a l te ra to m a , cys tic  a d e n o id  m a lfo rm a tio n s  
o f lu n g

A n e u p lo id y  
G e n e tic  d is o rd e rs

• A c h o n d ro g e n e s is  ty p e  1-B
• M u s c u la r d y s tro p h ie s
• B a rtte r s y n d ro m e  

T w in - to - tw in  tra n s fu s io n  s y n d ro m e  
In fe c tio n s

• P a rv o v iru s  B-19 
P lacen ta l a b n o rm a lit ie s

• C h o rio a n g io m a

Maternal Conditions

Id io p a th ic
P o o rly  c o n tro lle d  d ia b e te s  m e llitu s  
F e to m a te rn a l h e m o rrh a g e

Another common cause of acute, severe polyhydramnios in 
the second trimester is the twin-to-twin transfusion syndrome 
(TTTS; see Chapter 32). The ultrasound findings associated 
with TTTS are marked polyhydramnios of the receiving twin 
and absent AFV or marked oligohydramnios of the donor twin. 
When polyhydramnios occurs in the third trimester of preg
nancy, it is usually mild and is not associated with a struc
tural defect.78 Although the vast majority of cases in the third 
trimester are idiopathic, the other causes of polyhydramnios 
must be excluded (see Box 35-2).

In many cases, polyhydramnios may be transient. Mild or 
transient polyhydramnios is usually idiopathic and has a favor
able prognosis.83 However, complications of pregnancy are 
greater when the AFV remains markedly elevated during preg
nancy, including preterm delivery (2.7-fold increase), pre
eclampsia (2.7-fold increase), IUFD (7.7-fold increase), and 
neonatal demise (7.7-fold increase). In such cases, antenatal and 
maternal surveillance is warranted.

A meta-analysis of 43 studies found that polyhydramnios 
(AFI >24 cm or MVP >8 cm) was predictive of macrosomia 
with an OR of 11.5 (95% CI, 4.1 to 32.9), which suggests that 
this should be taken into account when considering delivery 
options.^ Treatment options for patients with polyhydramnios 
are usually tailored to the underlying cause. W ith mild idio
pathic polyhydramnios-—in which the workup is negative, and 
follow-up ultrasound demonstrates persistent polyhydramnios— 
antepartum testing with fetal kick counts or nonstress tests 
may be prudent. Antepartum surveillance is recommended for 
women with polyhydramnios and poorly controlled diabetes 
mellitus.

W ith severe polyhydramnios associated with preterm 
labor, one medical treatment option involves the adminis
tration o f a prostaglandin inhibitor such as indomethacin, 
which decreases fetal urine production . 85 87 This effect occurs 
within 5 hours of starting the medication and decreases the 
AFV within 24 hours.85,86'88 Although indomethacin has been 
shown to be relatively safe when given over a short period of 
time, such as 72 hours, prolonged use may be associated with
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Chapter 35 Amniotic Fluid Disorders 793

risks to the fetus such as premature closure, narrowing of the 
ductus arteriosus within the fetal heart, and renal abnormalities 
in the newborn period.86,87 Complications related to indometha- 
cin use worsen with advancing gestational age, and such treat
ment beyond 31 to 32 weeks of gestation should be avoided.88 
The use of repetitive amnioreductions, in which amniocentesis 
is performed and large volumes (1 to 5 L) of AF are removed 
through plastic tubing into a vacuum bottle, does prolong preg
nancies in a number of cases but may need to be repeated on 
a regular basis.5,88
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KEY POINTS

Amniotic fluid is dynamic, with large volume flows into 
and out of the amniotic compartment each day.
Clinical estimates of actual AFV based on ultrasound 
measurements of the AFI or MVP are not accurate in 
predicting true volume.
In the presence of IUGR or a prolonged gestation, 
oligohydramnios is associated with significant increases 
in perinatal morbidity and mortality.
Preterm or term isolated oligohydramnios is not associ
ated with an increase in perinatal morbidity or mortality 
with an otherwise normal fetus.
Early-onset or severe polyhydramnios is associated with 
aneuploidy, congenital malformations, preterm delivery, 
and an increased perinatal mortality rate.

• The cause of mild polyhydramnios, especially in the 
latter part of the third trimester, is usually idiopathic or 
related to diabetes mellitus and has little impact on 
perinatal survival.

> AFV as estimated by the AFI may be expanded with 
increased maternal oral ingestion of water and/or bed 
rest in the left lateral recumbent position.

► Short-term use of indomethacin decreases fetal7 urine 
production and can reduce AFV within 24 hours of 
administration; prolonged use should be avoided 
because of the risk of premature closure of the ductus 
arteriosus and renal abnormalities in the newborn.
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Obstetricians have long recognized the detrimental effects of 
preterm delivery, but for the last century, there has also been 
concern for pregnancies that have gone beyond the normal 
period of gestation. Early descriptions from prolonged pregnan
cies described a large fetus and resulted in a difficult delivery 
with an increased risk of stillbirth.' Later descriptions suggested 
that a postterm fetus not only could be large but also small for 
gestational age.2 These concerns led some to adopt a practice of 
inducing labor to avoid complications in prolonged pregnancies. 
This practice was variable, and somewhat controversial, because 
the upper lim it of pregnancy was not well defined and the risks 
were inconsistent. More recent studies show a small but sig
nificantly increased risk in perinatal morbidity and mortality 
in postterm pregnancies, and hence, postterm pregnancy is 
one o f the most common reasons for induction o f labor in 
the United States.

D EFIN IT IO N
The American College of Obstetricians and Gynecologists 
(ACOG), International Federation of Gynecology and Obstet
rics (FIGO), and the World Health Organization (WHO) have 
defined a postterm pregnancy as a gestation that has com
pleted or gone beyond 42, weeks or 294 days, from the first 
day o f the last menstrual period (LMP).3'5 This gestational age 
cutoff has been used for several decades and was first suggested 
based on early studies that reported an increased risk of fetal 
death at 42 weeks and beyond.6 However, in view of more recent 
perinatal mortality data derived from accurately dated pregnan
cies, it would be reasonable to conclude that the gestational 
age that warrants clinical concern should be 41 weeks.

M any terms have been used in the literature, including post- 
mature, postdates, prolonged, and postterm. These terms have been 
used with varying definitions, which has led to some confusion 
regarding proper terminology. Recently ACOG and the Society 
for Maternal-Fetal Medicine (SMFM) has endorsed the use of 
new terminology recommended by the Defining Term Preg
nancy Workgroup to decrease confusion among physicians, 
patients, and researchers and to designate gestational ages at 
higher risk. h Pregnancies are now designated to be “early term” 
if  they are 370/7 weeks through 38s/7 weeks. Full term is defined 
at 390/ weeks through 406 7 weeks. Pregnancies are to be des
ignated as “late term” i f  they are 4 l 0/v weeks through 4 l6/7 

weeks. Postterm will continue to be defined as 42or weeks 
and beyond.

IN C ID E N C E
According to the vital statistics reported by the Centers 
for Disease Control and Prevention (CDC), the overall inci
dence o f postterm pregnancies was 5 .6 % in 2 0 1 2  and has 
not significantly changed compared with previous years.5

Other published studies have shown varying frequency of post
term pregnancies depending on the population studied. The
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incidence of prolonged pregnancies in European countries also 
varies widely, with rates as low as 0.4% in Austria and as high 
as 7% in Denmark and Sweden.10 These differences are most 
likely explained by different approaches for managing pregnan
cies beyond the estimated date of delivery (EDD) and different 
criteria for gestational age dating.

E T IO LO G Y
The etiology o f the majority o f pregnancies that are late term 
or postterm is unknown, but some pregnancies may be 
defined as late term or postterm as the result o f an error in 
dating. It is common practice to assign an EDD based on the 
LMP. This practice has been proven by several studies to be 
unreliable and may have led to the incorrect classification of a 
pregnancy as late term or postterm.11

Understanding the events that lead to parturition in human 
gestation may help to provide clues to the pathophysiology in 
prolonged pregnancies. Parturition is the result o f a complex 
interplay among the mother, fetus, and placenta.1' The mech
anism in human gestation is unknown but may be similar to 
that of other mammals. In sheep, the hypothalamic-pituitary- 
adrenal (HPA) axis is important in the timing of birth. The 
release of corticotropin-releasing hormone (CRH) from the fetal 
brain results in the secretion of adrenocorticotropic hormone 
(ACTH) from the pituitary gland and cortisol from the adrenal 
gland.13 The increase in cortisol parallels an increase in the secre
tion of prostaglandin and estrogens and a fall in progesterone.1' 
Decreases in progesterone and increases in prostaglandins are 
known triggers of uterine myometrium. Further support for the 
role of the HPA axis in the initiation of labor is seen in studies 
with hypophysectomized sheep; disruption of the HPA axis 
results in prolonged pregnancy.14 More recent studies have pro
posed a similar involvement of the HPA axis in human gestation, 
and its dysregulation may play a role in prolonged pregnancies.

Early studies likened anencephaly to the hypophysectomized 
sheep. It is hypothesized that the absence of the fetal brain in 
the anencephalic fetus may result in a similar dysfunction of the 
HPA axis and may lead to prolonged gestation. Epidemiologic 
studies of anencephalic pregnancies have observed prolongation 
of pregnancy.15 These findings support current thinking that the 
interaction between the fetal brain and placenta plays an impor
tant role in triggering labor.

Pregnancies complicated by placental sulfatase deficiency, an 
X-linked recessive disorder characterized by the absence of the 
enzyme steroid sulfatase, are marked by abnormally low estriol 
levels and, in general, fail to go into spontaneous labor.16 This 
is an example of a genetic etiology for prolonged pregnancy and 
lends further support to the important role of the placenta in 
the initiation of labor.

A number o f observational studies have identified risk 
factors for postterm pregnancy including primigravidity, 
prior postterm pregnancy, male fetus, obesity, and a genetic 
predisposition. 17'23 A 10-year cohort study of births in Norway 
failed to find a strong association of risk factors with postterm 
pregnancy but may have had a bias toward nondetection.1 
Intergenerational studies suggest a genetic predisposition for 
postterm pregnancy. Mothers who themselves were postterm 
also have an increased risk of prolonged pregnancy. Twin studies 
have found higher rates of concordance for postterm pregnancy 
among female twins, compared with male twins, implicating a 
maternal influence on the risk for prolonged pregnancy.-2

D IA G N O S IS
The diagnosis o f truly late term and postterm pregnancy is 
based on accurate gestational dating. The three mosLfCom- 
monly used methods to determine the EDD are (1) knowledge 
of the date of the LMP, (2) knowledge of the timing of inter
course, and (3) early ultrasound assessment. Other methods have 
been described but are rarely used in contemporary practice, 
including the determination of uterine size, quickening, ability 
to detect fetal heart tones by Doppler auscultation, and fundal 
height measurement. In most cases, the date of conception is 
rarely known and therefore is infrequently used to determine 
gestational age. The EDD is most commonly assigned based on 
the first day of the LMP, but this assumes that conception occurs 
on the fourteenth day of the menstrual cycle. This method can be 
very  inaccurate because the tim ing of ovulation  is variable am ong  
an individual’s menstrual cycles and between individuals.'1’" 
Basing gestational age solely on the LMP generally results in an 
overestimation of gestational age and may result in a higher fre
quency of induction of labor for presumed postterm pregnancy.

The use o f ultrasound to determine the accuracy o f gesta
tional dating based on the LMP is superior to the use o f the 
LMP alone. The EDD is most accurately determined if the 
crown-rump length is measured in the first trimester with an 
error o f ± 5 to 7 days. Boyd and colleagues26 showed that the 
incidence of patients whose pregnancy exceeded 293 days was 
7.5% based on menstrual dating and declined to 2.6% when 
dates were determined by early sonographic examination. A 
similar conclusion was reached by Gardosi and associates,27 who 
evaluated 24,675 spontaneous, normal singleton deliveries and 
showed a decline in the postterm (>294 days) pregnancy rate 
from 9.5% when pregnancies were dated by LMP to 1.5% when 
ultrasound dating was used. These authors also reported that 
about 72% of routine labor inductions at 42 weeks’ gestation 
were not indicated because they were performed before the 
patients reached 42 weeks based on ultrasound assessment of 
gestational age. Similarly, Nguyen and coworkers28 evaluated 
14,805 spontaneous deliveries with a reliable LMP and showed 
that ultrasound dating reduced the proportion of deliveries 
beyond 294 days of gestation by 39% (from 7.9% to 5.2%). 
Bennett and colleagues29 confirmed these findings in a prospec
tive, randomized study of 218 women and found fewer postterm 
inductions of labor in women dated by a first-trimester sono
gram when compared with women whose dates were established 
by second-trimester sonography.

P E R IN A T A L  M O R B ID IT Y  A N D  M O R T A LIT Y
Numerous studies have evaluated the risk to the fetus in late- 
term and postterm pregnancies. Early descriptive studies found 
that pregnancies that continued past their EDD had an increased 
risk of fetal death. In 1963, McClure6 found a twofold increase 
in “fetal distress” at 42 weeks with an increase in operative 
deliveries and surmised that 42 weeks constituted a significant 
risk to the fetus and proposed intervening with induction of 
labor or cesarean delivery to avoid the risk of fetal death. Early 
studies were likely fraught with inaccurate dating and inconsis
tent definitions of postterm pregnancy. Lastly, it is important to 
note that these studies included pregnancies complicated by fetal 
anomalies, intrauterine growth restriction (IUGR), and mothers 
with coexisting medical conditions, all of which increase the risk 
of fetal demise.
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More recent observational studies that have evaluated 
the risk o f perinatal mortality at each gestational week show 
an increased risk as gestational age advances beyond the
EDD . 30"32 Divon and associates33 evaluated fetal and neonatal 
mortality rates in 181,524 accurately dated full-term, late-term, 
and postterm pregnancies. A significant increase in fetal mortal
ity was detected from 41 weeks’ gestation onward (odds ratios 
[ORs] of 1.5, 1.8, and 2.9 at 41, 42, and 43 weeks, respectively). 
Campbell and colleagues1 performed a multivariate analysis of 
factors associated with perinatal death among 65,796 singleton 
postterm births (>294 days). Three variables were identified as 
independent predictors of perinatal mortality: (1) birthweight 
lower than the 10th percentile for gestational age had a relative 
risk (RR) of 5.7 and a 95% confidence interval (CI) of 4.4 
to 7.4; (2) maternal age 35 years or greater had an RR of 1.88 
and a 95% CI of 1.2 to 2.9; and (3) birthweight at the 90th 
percentile for gestational age or above was associated with a 
modest protective effect for perinatal death (RR, 0.51; 95% CI,
0.26 to 1.0).

M any of these studies have used perinatal mortality rate 
(PMR), which has been suggested by Smith34 and others to be 
an inappropriate assessment of risk to the fetus. The denomina
tor in the calculation of the PMR is the number of deliveries.34'37 
As stated by Smith,34 “Estimating the probability of an event 
requires that the number of events (numerator) be divided by 
the number of subjects at risk for that event (denominator).” 
Therefore it seems logical to calculate fetal mortality as fetal 
deaths per 1000 ongoing pregnancies, rather than per 1000 
deliveries. When Hilder and colleagues35 used ongoing pregnan
cies in a large retrospective study that included 171,527 births, 
higher rates of stillbirth were found. A nadir was seen at 41 
weeks, but compared with 37 weeks’ gestation, an eightfold 
increase in stillbirths at 43 weeks was reported (Fig. 36-1). Using 
the Scottish birth registry, Sm ithi7a also found a significant 
increase in the risk of stillbirth from 37 weeks (0.4/1000) to 43 
weeks (11.5/1000).

Several studies have examined the association of perinatal 
morbidity with postterm pregnancy. Clausson and colleagues3N 
evaluated a large Swedish database o f term and postterm 
(defined as >294 days) singleton, normal neonates and showed 
that postterm pregnancies were associated with an increased 
frequency o f neonatal convulsions, meconium aspiration 
syndrome, and Apgar scores o f less than 4 at 5 minutes 
(Table 36-1). Tunon and associates39 compared neonatal inten
sive care unit (NICU) admission rates among 10,048 term preg
nancies and 246 postterm pregnancies (>296 days by both scan 
and LMP dates). Postterm pregnancy was associated with a 
significant increase in NICU admissions (OR, 2.05; 95% CI, 
1.35 to 3.12).

Guidetti and colleagues40 reported an increased incidence of 
perinatal morbidity at 41 weeks’ gestation or greater. Maternal 
and fetal complications were evaluated in a large (n = 45,673) 
retrospective cohort study by Caughey and Musci.41 These 
authors documented a significant increase in the rate of intra
uterine fetal death (IUFD) beyond 41 weeks. They concluded 
that risks to both the mother and the infant increase as preg
nancy progresses beyond 40 weeks’ gestation.

O lig o h yd ram n io s
Oligohydramnios is a common finding in postterm pregnancies; 
it is presumably the result of fetal hypoxemia, which may result 
in altered renal perfusion and decreased urine production.42
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FIG 36-1 The summed mortality at each gestation for the rate of still
birth (red), neonatal death (blue), and postneonatal death (green) 
expressed per 1000 ongoing pregnancies. (Modified from Hilder L, 
Costeloe K, Thilaganathan B. Prolonged pregnancy: evaluating gesta
tion specific risks of fetal and infant mortality. BJOG. 1998;105:169.)

TABLE 36-1 NEONATAL MORBIDITY IN POSTTERM 
AVERAGE AND SGA INFANTS

COMPLICATIONS TERM AG A NEONATES*

Convulsions
Term SGA 2.3 (1.6-3.4)
Postterm AGA 1.5 (1.2-2.0)
Postterm SGA 3.4 (1.5-7.6)
Meconium Aspiration
Term SGA 2.4 (1.6-3.4)
Postterm AGA 3.0 (2.6-3.7)
Postterm SGA 1.6 (0.5-5.0)
Apgar Score <4 at 5 min
Term SGA 2.2 (1.4-3.4)
Postterm AGA 2.0 (1.5-2.5)
Postterm SGA 3.6 (1.5-8.7)

Modified from Clausson B, Cnattinguis S, Axelsson O. Outcomes of post-term births: 
the role of fetal growth restriction and malformations. Obstet Gynecol. 1999;94:758.
* Values are presented as odds ratios (confidence interval).
AGA, average for gestational age; SGA, small for gestational age.

Doppler studies of renal blood flow are conflicting.43'44 Thus 
the etiology of oligohydramnios in postterm pregnancies is still 
debated.

Regardless o f the pathophysiology o f oligohydramnios in 
postterm pregnancies, in a setting o f oligohydramnios, the 
risk o f perinatal morbidity and mortality is increased.4̂  The
importance of oligohydramnios was identified by Leveno and 
coworkers,46 who used its presence to explain the increased inci
dence of abnormal antepartum and intrapartum fetal heart rate 
(FHR) abnormalities seen in prolonged pregnancies. These 
authors suggested that prolonged FHR decelerations that repre
sented cord compression preceded 75% of cesarean deliveries for 
fetal jeopardy. The association between a reduced amniotic fluid
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index (AFI) and variable decelerations is well documented and 
is likely related to cord compression.47'48 Meconium passage in 
amniotic fluid has also been associated with oligohydramnios, 
and it is postulated that the hypoxemia may result in rectal 
sphincter relaxation. Some studies have shown meconium- 
stained fluid as high as 29% in postterm pregnancies com
plicated by oligohydramnios.49 See Chapter 35 for further 
discussion of oligohydramnios.

A prospective, blinded observational study of 1584 preg
nancies was performed by Morris and colleagues50 to assess 
the usefulness of ultrasound assessment of amniotic fluid in the 
prediction of adverse outcome in prolonged pregnancies. The 
authors demonstrated that an AFI of less than 5 cm, but not a 
single deepest vertical pocket less than 2 cm, was significantly 
associated with birth asphyxia or meconium aspiration. In addi
tion, a significant association was found between an AFI of less 
than 5 cm and fetal distress in labor, cord arterial pH less than
7.0, and low Apgar scores.

The presence of oligohydramnios is often cited as an indica
tion for delivery of pregnancies that reach term gestation or 
beyond. Importantly, no large, prospective, randomized studies 
have documented the benefits of delivery in this setting. 
Still, given the well-described association between oligohy
dramnios and adverse pregnancy outcome at or beyond 
term, delivery is a reasonable choice for patients with 
oligohydramnios.

Fetal G ro w th
The risk o f macrosomia has been shown to increase with 
advancing gestational age, although the majority of prolonged 
pregnancies are appropriately grown. In a sample of 7000 preg
nancies between 39 and 42 weeks, McLean and coworkers51 
found an increase in both fetal weight and head circumference. 
Eden and associates52 observed that, compared with term preg
nancies, postterm pregnancies have a twofold increase in the risk 
for macrosomia; and in these pregnancies, macrosomia was asso
ciated with a greater risk of operative delivery and shoulder 
dystocia leading to fetal injury.

Chervenak and colleagues54 investigated the use of ultrasound 
to evaluate the estimated fetal weight (EFW) in pregnancies 
greater than 41 weeks and also found an increased incidence of 
fetal weight greater than 4000 g. They also showed an increase 
in the risk of cesarean delivery (22%) because of protracted and 
arrested labors when compared with nonmacrosomic infants 
(10%; P< .01). The positive and negative predictive values were 
70% and 87%, respectively. However, a similar study of preg
nancies at 41 weeks or greater found an absolute error of approx
imately 8% and a positive predictive value of 64% when 
ultrasound was used to estimate fetal weight within 1 week of 
delivery.54 ACOG53 has warned that the diagnosis o f fetal 
macrosomia by ultrasound is not precise and that early 
induction o f labor or cesarean delivery has not been shown 
to reduce the morbidity associated with fetal macrosomia.

P o stm aturity
Postmaturity, another complication o f prolonged pregnan
cies, occurs in approximately 1 0 % to 2 0 % of such pregnan
cies. The “postmature” infant has decreased subcutaneous fat 
and lacks lanugo and vernix. The features are similar to those of 
IUGR, and some authors believe that postmaturity is really 
another manifestation of IUGR. Postmaturity is also associated 
with an increased incidence of meconium-stained fluid.

M econium
Meconium-stained fluid can be seen at any gestational age, 
although several studies have documented a significantly in
creased risk of meconium-stained fluid in postterm pregnancies. 
Meconium aspiration is a serious neonatal condition that results 
in decreased lung compliance, abnormal production of surfac
tant, and a chemical pneumonitis (see Chapter 22).

M A T E R N A L  C O M P L IC A T IO N S
Prolonged pregnancies are also associated with significant 
risk to the mother. Not only is anxiety significant as the preg
nancy advances beyond the EDD but the risk of maternal mor
bidity during the intrapartum period is also increased. Caughey 
and colleagues58 studied 119,254 women who delivered at 37 
weeks and beyond and found an increased risk in significant 
perineal laceration (OR, 1.19; 95% CI, 1.09 to 1.22), chorio
amnionitis (OR, 1.32; 95% CI, 1.21 to 1.44), endomyometritis 
(OR, 1.46; 95% CI, 1.14 to 1.87), postpartum hemorrhage 
(OR, 1.21; 95% CI, 1.10 to 1.32), and cesarean delivery (OR, 
1.28; 95% CI, 1.20 to 1.36). The indications for cesarean deliv
ery in this study were nonreassuring FHR and cephalopelvic 
disproportion.

M A N A G E M E N T
Accurate assessment o f gestational age is paramount in the 
management o f late-term and postterm pregnancies. When 
ultrasound is used to confirm menstrual dating, the incidence 
of late-term and postterm pregnancies and unnecessary interven
tions are decreased.59 Because late-term and postterm pregnan
cies have an increased risk of fetal mortality, modern management 
includes the use of antenatal fetal surveillance and carefully 
timed intervention.

A n ten atal Su rveillan ce
Given the increased risk o f stillbirth, antenatal surveillance 
is recommended in the management o f prolonged and post
term pregnancies. Testing options for fetal surveillance include 
monitoring of fetal kick counts, nonstress test (NST), contrac
tion stress test (CST), biophysical profile (BPP), and modified 
biophysical profile (NST and AFI). Few data are available with 
adequate power to assess the timing of initiation or frequency 
of fetal testing in prolonged pregnancies. However, based on 
the studies on perinatal morbidity and mortality discussed 
above, it would seem prudent to initiate fetal testing no later 
than 41 weeks o f gestation. A number of small studies suggest 
that twice-weekly antepartum testing is superior to once a week 
in prolonged pregnancies. Johnson and associates60 reported 
results on twice-weekly testing with BPP in 293 patients followed 
beyond 42 weeks. No stillbirths were observed in this small series.

No large randomized controlled trials (RCTs) have compared 
different modalities of fetal surveillance in prolonged pregnan
cies. One RCT of 145 pregnancies beyond 42 weeks compared 
BPP with modified BPP (mBPP).61 This study found a signifi
cant increase in abnormal testing in the mBPP group (42% vs. 
20.5% , OR, 3.5; 99% CI, 1.3 to 9.1) but no difference in cord 
blood gases and neonatal outcome between the two groups. 
Studies have not shown one modality of antepartum surveillance 
to be superior to another.61

ACOG proposed that amniotic fluid volume (AFV) should 
be assessed when surveillance is initiated for late-term
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pregnancies because oligohydramnios has been associated 
with abnormal fetal heart tracings, umbilical cord compres
sion, and meconium-stained fluid. Chamberlain and cowork
ers62 studied 7582 complicated pregnancies and found an 
increase in the risk of fetal demise with decreased amniotic fluid.

A paucity of data are available to demonstrate improved neo
natal outcomes in postterm pregnancies when testing is used. 
Still, given the well-described increase in stillbirth in postterm 
pregnancies, ACOG currently recommends the initiation 
of fetal surveillance at 41 weeks or beyond with assessment 
o f AFV.

Umbilical artery Doppler measurements are sometimes used 
in cases of suspected placental insufficiency, and hence it might 
be imagined that this modality could be useful in postterm 
pregnancies. However, umbilical artery Doppler measurements 
have not been shown to be useful in the management of pro
longed pregnancies.63

Expectant M an ag em en t V e rsu s  Induction  
of Labor
Until the recent ACOG guidelines, expectant management was 
acceptable when the cervix was unfavorable. New evidence, as 
discussed below, supports the induction o f labor after 420/7 
weeks and by 426/' weeks to decrease the risk o f perinatal 
morbidity and mortality, and it may be considered for preg
nancies between 410/ weeks and 416/7 weeks.

Several clinical trials have compared induction of labor to 
expectant management in pregnancies that have progressed 
beyond their EDD. Hannah and associates64 performed one of 
the largest clinical trials, wherein 3407 pregnant women were 
randomized at 41 weeks to induction or expectant management 
with fetal surveillance. Delivery was indicated if the pregnancy 
reached 44 weeks or if  fetal compromise was evident. No differ
ence was reported in the perinatal mortality and neonatal mor
bidity, although the rate of cesarean delivery was increased in 
the expectantly managed group. No cases of fetal demise were 
reported in the induction group, and two were reported in the 
expectantly managed group.

Another RCT of 440 uncomplicated pregnancies performed 
by the National Institute of Child Health and Human Develop
ment (NICHD) Network of Maternal-Fetal Medicine Units 
compared induction at 42 weeks versus expectant management 
until cervical effacement, dilation, or evidence of fetal compro
mise was apparent.61 The primary outcome was perinatal or 
maternal death or a composite of variables for perinatal morbid
ity. Secondary outcomes for this trial included cesarean delivery, 
maternal infection, blood transfusion, severe variable or late 
decelerations, and a 5-minute Apgar score less than 4. No dif
ferences were detected in primary outcome or rates of cesarean 
delivery. The study concluded that either induction or expectant 
management at 42 weeks was deemed acceptable practice.

More recently, Sanchez-Ramos and colleagues66 published a 
meta-analysis that included 16 RCTs and 6588 patients and 
found a 20% rate of cesarean delivery in uncomplicated pregnan
cies induced at 41 weeks compared with 22% in the expectantly 
managed group. A nonsignificant but numerically lower perina
tal mortality rate was reported for the induction group (0.09% 
vs. 0.33%, OR, 0.41; 95% C l, 0.14 to 1.18). They also found 
no differences in NICU admission and meconium aspiration.

The most recent Cochrane review,67 updated in 2012, is a 
meta-analysis of 22 RCTs. The review included 9383 patients 
and looked at the potential benefits or harms of labor induction

at or beyond 40 weeks’ gestation versus expectant management. 
The primary outcome was perinatal mortality, which included 
IUFD and neonatal death in the first week of life. Labor induc
tion was associated with a small but significant reduction in 
perinatal death (RR, 0.31; 95% C l, 0.12 to 0.88) with no 
impact on the rate of cesarean delivery (RR, 0.89; 95% C l, 0.81 
to 0.97). This Cochrane meta-analysis suggests that induc
tion may yield slightly improved perinatal outcomes.

Labor Induction
Several studies have addressed membrane sweeping as a method 
for labor induction in an attempt to reduce the occurrence of 
postterm pregnancies (see Chapter 13). Membrane sweeping is 
the digital separation of the membranes from the lower uterine 
segment during a cervical examination. This practice is thought 
to increase the levels of endogenous prostaglandin, which results 
in uterine contractions. An RCT conducted by de Miranda and 
colleagues68 enrolled 742 patients at 41 weeks’ gestation and 
randomized them to serial sweeping of membranes every 48 
hours until 42 weeks, or until labor was initiated, or to no 
intervention. They found a decrease in the risk of postterm 
pregnancy in the first group; 23% were postterm (RR, 0.57; 
95% C l, 0.46 to 0.71) compared w ith 4 l%  in the no-intervention 
group. The number needed to treat (NNT) for this trial was six 
patients. Previously published trials have not shown a significant 
difference, but these studies limited membrane sweeping to a 
single episode.62,70 The most recent Cochrane review of trials that 
enrolled pregnant patients from 38 to 41 weeks to membrane 
sweeping found a reduced rate of pregnancies that continued 
past 41 weeks’ gestation, with an NNT of eight patients. 1 
Although this practice may be effective in some pregnant 
patients, the procedure is known to cause maternal discomfort 
and bleeding. Also, evidence is limited regarding membrane 
sweeping in women colonized with group B Streptococcus. Thus 
patients who can consider this option should be selected 
carefully and counseled appropriately.

Some have attempted to predict the likelihood of successful 
induction using transvaginal ultrasound of the cervix and fetal 
fibronectin. Pandis and colleagues72 compared Bishop score with 
ultrasound cervical assessment and found cervical length to be 
more predictive of a successful labor induction than Bishop score 
(with a sensitivity and specificity of 87% and 71% vs. 58% and 
27%, respectively). Although the results of this study are promis
ing, transvaginal ultrasound assessment of the cervix to predict 
induction success is not commonly used. Attempts to evaluate 
the role of a fetal fibronectin in cervical secretions as a predictor 
of the onset of spontaneous labor have been inconclusive. In 
fact, Rozenberg and associates73 have shown that the spontane
ous onset of labor within 7 days of evaluation is predicted by a 
Bishop score greater than 7 and a cervical length less than 25 
mm but not with a positive fetal fibronectin (fFN).

Prostaglandins are most commonly used for labor induction 
in patients with an unfavorable cervix or a Bishop score less 
than 6. Studies have shown both misoprostol (prostaglandin 
E l [PGEJ) and dinoprostone (prostaglandin E2 [PGE2]) to 
be efficacious in postterm pregnancy, and either preparation is 
acceptable.64,65,74

L O N G -T E R M  N E O N A T A L  O U T C O M E S
A paucity of information exists on neonates born at 42 weeks 
and later. Ting and coworkers 5 evaluated a population enrolled
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in the Collaborative Perinatal Study in Philadelphia and found 
that surviving children could not be differentiated from their 
matched controls either physically or mentally. Shime and col
leagues76 found similar results in children followed at 1 and 2 
years of age. They assessed intelligence by the Griffiths Mental 
Development Scale and found no difference when these children 
were compared with those from term births. Based on these 
small and older studies, no difference in long-term neonatal 
outcome is apparent.

M U LT IP LE G E S T A T IO N
No defined gestational age cutoff has been established to 
define a prolonged pregnancy in twin, triplet, or higher- 
order multiples. The average gestation lengths for twin, triplet, 
and quadruplet pregnancies are 36, 33, and 29 weeks, respec
tively. The nadir of stillbirth occurs at 38 weeks for twins and 
at 35 weeks for triplets, and it is unknown for quadruplets and 
higher-order multiples.'7 Intuitively, because we use rates of 
perinatal mortality to define these cutoffs for singletons, we 
should do the same for multiple gestations. No current strategies 
have been recommended as these pregnancies approach the 
above gestational ages, although it would seem reasonable to 
utilize antenatal testing as these gestational ages approach 
and to accomplish delivery at the nadir o f stillbirth risk (see 
Chapter 32).
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No gestational cutoff has been established by which to 
define a prolonged pregnancy in multiple gestations. 
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and after 35 weeks in triplets.
Late-term and postterm pregnancies are associated with 
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Delivery after 420/7 weeks and by 426'7 weeks is recom
mended based on the small but increased risk of peri
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Either prostaglandin preparation, PGE, or PGE2, can 
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Activated partial th rom bop lastin  tim e a PTT M yocardial infarction Ml

Acute resp ira tory distress syndrom e ARDS New York Heart Association NYHA

Am erican College o f C ardiology ACC Patent ductus arteriosus PDA

Aortic  d iam eter AD Peripartum  card iom yopathy PPCM

Atria l septal defect ASD Positive end-expiratory pressure PEEP

Body surface area BSA Pulm onary artery wedge pressure PAWP

p-type natriuretic  peptide BNP Pulm onary flo w QP

Cardiac index Cl Pulm onary vascular resistance PVR

Cardiac ou tpu t CO Relative risk RR

Central venous pressure CVP Right ventric le RV

Congenital heart disease CHD Stroke volum e SV

Ejection fraction EF System ic flo w Qs
Electrocardiogram ECG System ic vascular resistance SVR

Heart rate HR Total peripheral resistance TPR

International norm alized ratio INR Transposition o f the great arteries TGA

Left ventricu la r o u tflo w  tract LVOT Unfractionated heparin UFH

Low -m olecu la r-w eight heparin LMWH Ventricu lar septal defect VSD

Mean arteria l pressure MAP

Cardiovascular adaptations to pregnancy are well tolerated 
by healthy young women. However, these adaptations are of 
such magnitude that they can significantly compromise women 
with abnormal or damaged hearts. W ithout accurate diagnosis 
and appropriate care, heart disease in pregnancy can be a signifi
cant cause of maternal mortality and morbidity. Under more 
optimal conditions, many women with significant disease can 
experience good outcomes and should not necessarily be dis
couraged from becoming pregnant. This chapter develops an 
understanding of cardiovascular physiology as a basis for care of

the pregnant woman with heart disease. Although published 
experience with more common conditions can be used to 
support these principles, information regarding many other con
ditions is limited to case reports. Data from case reports may, 
however, be biased toward more complicated cases with more 
adverse outcomes. The best care for women with heart disease 
is usually achieved from a thorough understanding of maternal 
cardiovascular physiology, knowledge of existing literature, and 
extensive clinical experience brought by a multidisciplinary team 
of clinicians.

803

ak
us

he
r-li

b.r
u



804 Section VI Pregnancy and Coexisting Disease

M A T E R N A L  H E M O D Y N A M IC S
Hemodynamics refers to the relationship between blood pressure, 
cardiac output, and vascular resistance. Blood pressure is mea
sured by auscultation, use of an automated cuff, o (  directly with 
an intraarterial catheter. Cardiac output is measured by dilu- 
tional techniques that require central venous access, by Doppler 
or two-dimensional (2-D) echocardiographic techniques, or by 
electrical impedance. Peripheral resistance is calculated using 
Ohm’s law:

TPR = (MAP x 80)/C 0

where TPR is total peripheral resistance (in dyne • sec • cirT5), 
MAP is mean arterial pressure (in millimeters of mercury 
[mm Hg]), and CO is cardiac output (in liters per minute).

Pregnancy and events unique to pregnancy, such as labor and 
delivery, are associated with significant and frequently predict
able changes in these parameters. The hemodynamic changes of 
pregnancy, although well tolerated by an otherwise healthy 
woman, may be tolerated poorly by a woman with significant 
cardiac disease. Therefore the importance of understanding these 
changes and placing them in the context of a specific cardiac 
lesion cannot be overstated.

The maternal hemodynamics of 89 nulliparous women who 
remained normotensive throughout pregnancy are described in 
Figure 37-1 .1 MAP falls sharply in the first trimester and reaches 
a nadir by midpregnancy. Thereafter blood pressure increases 
slowly and reaches near nonpregnant levels by term. Cardiac 
output rises throughout the first and second trimesters and 
reaches a maximum by the middle of the third trimester. In the 
supine position, a pregnant woman in the third trimester 
may experience significant hypotension as a result o f veno- 
caval occlusion by the gravid uterus. In normal pregnancy, 
venocaval occlusion may produce symptoms such as diaphoresis, 
tachycardia, or nausea but will rarely result in significant com
plications. Fetal heart rate (FHR) decelerations may be observed 
but usually resolve when the mother, often spontaneously, shifts 
to a more comfortable position. Women with significant right 
or left ventricular outflow obstruction, such as aortic stenosis, 
may seriously decompensate in the supine position as a result of 
poor ventricular filling. Cardiac output (CO) is the product of 
heart rate (HR) and stroke volume (SV):

CO = HR xSV
HR and SV increase as pregnancy progresses to the third 

trimester. After 32 weeks, SV falls, with the maintenance of CO 
becoming more and more dependent on HR. Vascular resistance 
falls in the first and early second trimesters. The magnitude of 
the fall is sufficient to offset the rise in CO, which results in a 
net decrease in blood pressure.

Labor, delivery, and the postpartum period are times of 
acute hemodynamic changes that may result in maternal 
decompensation. Labor itself is associated with pain and 
anxiety, and tachycardia is a normal response. Significant cate
cholamine release increases afterload. Each uterine contraction 
acutely redistributes 400 to 500 mL of blood from the uterus 
to the central circulation. In Figure 37-2, Robson and col
leagues2 describe the hemodynamic changes associated with 
unmedicated labor. HR, blood pressure, and CO all increase 
with uterine contractions, and the magnitude o f the change 
increases as labor advances. Obstructive cardiac lesions impede 
the flow of blood through the heart, blunting the expected rise
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in CO at the expense of increasing pulmonary pressures and 
pulmonary congestion. In Figure 37-3, intrapartum hemody
namic changes of a patient with aortic stenosis and a peak gradi
ent of 160 mm Hg are shown.3 In this individual, pulmonary 
pressures rise in parallel with uterine contractions.

Immediately after delivery, blood from the uterus is returned 
to the central circulation. In normal pregnancy, this compensa
tory mechanism protects against the hemodynamic effects that
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FIG 37-2 Changes in hemodynamic parameters at three different 
points during labor (<3 cm, 4-7 cm, and >8 cm). Each line represents 
the change in an individual subject. B, before contraction; C, during 
contraction. (From Robson S, Dunlop W, Boys R, Hunter S. Cardiac 
output during labour. BMJ. 1987;295:1169.)

may accompany postpartum hemorrhage. In the context o f  
cardiac disease, this acute centralization o f blood may 
increase pulmonary pressures and pulmonary congestion. 1

During the first 2 postpartum weeks, extravascular fluid is mobi
lized, diuresis ensues, and vascular resistance increases, returning 
to nonpregnant norms. Decompensation during postpartum 
fluid mobilization is common in women with mitral stenosis. 
Volume loading coupled with vasoconstriction may also unmask 
maternal cardiomyopathy. Unsuspected cardiac disease may be 
diagnosed when a woman returns to the emergency department 
several days postpartum with dyspnea and oxygen desaturation. 
Maternal CO usually normalizes by 2 weeks postpartum.

Three key features o f the maternal hemodynamic changes 
in pregnancy are particularly relevant to the management o f

women with cardiac disease: (1) increased CO, (2) increased 
HR, and (3) reduced vascular resistance. In conditions such 
as mitral stenosis, in which CO is relatively fixed, the drive to 
achieve an elevated CO may result in pulmonary congestion. If 
a patient has an atrial septal defect (ASD), the incremental 
increase in systemic flow associated with pregnancy w ill be mag
nified in the pulmonary circulation to the extent that pulmonary 
flow exceeds systemic flow. If, for example, a shunt ratio of 3 :1  
is maintained in pregnancy, pulmonary flow may be as high as 
20 L/min and may be associated with increasing dyspnea and 
potential desaturation.

M any cardiac conditions are HR dependent. Flow across a 
stenotic mitral valve is dependent on the proportion of time in 
diastole. Tachycardia reduces left ventricular (LV) filling and 
CO. Coronary blood flow is also dependent on the length of 
diastole. Patients with aortic stenosis have increased wall tension 
and therefore increased myocardial oxygen requirements. Tachy
cardia reduces coronary perfusion time in diastole while simul
taneously further increasing myocardial oxygen requirements, 
and the resulting imbalance between oxygen demand and supply 
may precipitate myocardial ischemia. Patients with complex 
congenital heart disease (CHD) can experience significant 
tachyarrhythmias. The increasing HR in pregnancy may be asso
ciated with a worsening of tachyarrhythmias.

Reduction in vascular resistance may be beneficial to some 
patients, and afterload reduction reduces cardiac work. Car
diomyopathy, aortic regurgitation, and mitral regurgitation all 
benefit from reduced afterload. Alternatively, patients with intra
cardiac shunts, in which right and LV pressures are nearly equal 
when the patient is not pregnant, may reverse their shunt during 
pregnancy and may desaturate because of right-to-left shunting.

Blood V o lu m e
Very early in the first trimester, pregnant women experience an 
expansion of renal blood flow and glomerular filtration rate 
(GFR). Filtered sodium increases by about 50%. Despite physi
ologic changes that would promote loss of salt and water and 
contraction of blood volume, the pregnant woman will expand 
her blood volume by 40%  to 50%. In part, the stimulation to 
retain fluid may be a response to the fall in vascular resistance 
and reduction in blood pressure. The renin-angiotensin system 
is activated, and the plasma concentration of aldosterone is 
elevated. Although the simplicity of this explanation is attrac
tive, the actual process is probably much more complicated.

As plasma volume expands, the hematocrit falls, and hema- 
topoiesis is stimulated. Red cell mass will expand from 18% to 
25% depending on the status of individual iron stores. Physio
logic anemia with a maternal hematocrit between 30% and 35% 
does not usually complicate pregnancy in the context of mater
nal heart disease. More significant anemia, however, may increase 
cardiac work and induce tachycardia. Microcytosis due to iron 
deficiency may impair perfusion of the microcirculation of 
patients who are polycythemic because of cyanotic heart disease; 
this is because microcytic red blood cells are less deformable. 
Iron and folate supplementation may be appropriate.

In a similar fashion, serum albumin concentration falls 
by 22% despite an expansion of intravascular albumin mass by 
20%. As a result, serum oncotic pressure falls in parallel by 
20%  to about 19 mm Hg. 1 In normal pregnancy, intravascular 
fluid balance is maintained by a fall in interstitial oncotic pres
sure. However, if  LV filling pressure becomes elevated or ii 
pulmonary vascular integrity is disrupted, pulmonary edema
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806 Section VI Pregnancy and Coexisting Disease

AORTIC STENOSIS

Peak valve gradient, 
160 mm Hg

Valve area,
0.4 cm2

paper speed = 3 cm/min

FIG 37-3 Hemodynamic monitoring of a patient with severe aortic stenosis in labor. BP, blood pressure; ECG, electrocardiogram; FHR, fetal heart 
rate; HR, heart rate; PAP, pulmonary artery pressure. (From Easterling T, Chadwick H, Otto C, Benedetti T. Aortic stenosis in pregnancy. Obstet 
Gynecol. 1988;72:113.)

will develop earlier in the disease process than in nonpregnant 
women.

D IA G N O S IS  A N D  E V A L U A T IO N  
O F H E A R T  D IS E A S E
M any women with heart disease have been diagnosed and 
treated before pregnancy. For example, in women with prior 
surgery for CHD, detailed historic information may be avail
able. Others report only that they have a murmur or “a hole in 
their heart.” Alternatively, heart disease may be diagnosed for 
the first time during pregnancy owing to symptoms precipitated 
by increased cardiac demands.

The classic symptoms o f cardiac disease are palpitations, 
shortness o f breath with exertion, and chest pain. Because 
these symptoms also may accompany normal pregnancy, a 
careful history is needed to determine whether the symptoms 
are out o f proportion to the stage o f pregnancy. Symptoms 
are of particular concern in a patient with other reasons to 
suspect underlying cardiac disease, such as being native to an 
area where rheumatic heart disease is prevalent.

A systolic flow murmur is present in 80% of pregnant women, 
most likely because of the increased flow volume in the aorta 
and pulmonary artery. Typically, a flow murmur is grade 1 or 2, 
midsystolic, loudest at the cardiac base, and not associated with 
any other abnormal physical examination findings. A normal 
physiologic split second heart sound is heard in patients with a 
flow murmur. Any diastolic murmur and any systolic murmur 
that is loud (grade 3/6 or higher) or radiates to the carotids

should be considered pathologic. Careful evaluation for eleva
tion of the jugular venous pulse, peripheral cyanosis or clubbing, 
and pulmonary crackles is needed in women with suspected 
cardiac disease.

Indications for further cardiac diagnostic testing in preg
nant women include a history o f known cardiac disease, 
symptoms in excess o f those expected in a normal pregnancy, 
a pathologic murmur, evidence o f heart failure on physical 
examination, or arterial oxygen desaturation in the absence 
o f known pulmonary disease. The preferred next step in evalu
ation of pregnant women with suspected heart disease is trans- 
thoracic echocardiography. A chest radiograph is helpful only if 
congestive heart failure (CHF) is suspected. An electrocardio
gram (ECG) may be nonspecific but could show changes sug
gestive of the underlying heart disease, such as right ventricular 
(RV) hypertrophy and biatrial enlargement, seen in patients 
with significant mitral stenosis. If symptoms are consistent with 
a cardiac arrhythmia, an event monitor or 24-hour ECG monitor 
may be indicated. Rarely, cardiac catheterization is needed for 
full diagnosis of valvular disease or CHD. The exception is an 
acute coronary syndrome during pregnancy, in which the risk 
for radiation exposure with cardiac catheterization is small com
pared with the benefit of early diagnosis and early revasculariza
tion to prevent myocardial infarction (MI).

Echocardiography provides detailed information on cardiac 
anatomy and physiology that allows optimal management of 
women with heart disease. Basic data obtained on echocardiog
raphy include left ventricular ejection fraction, pulmonary artery 
systolic pressure, qualitative evaluation of RV systolic function,
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Maternal age (years)

FIG 37-4 Changes in B-type natriuretic protein in a patient across two 
pregnancies.

and evaluation of valve anatomy and function. W hen valvular 
stenosis is present, the pressure gradient (AP) across the valve 
is calculated from the Doppler-derived velocity (v) o f flow 
across the valve (AP = 4v2). Similarly, pulmonary artery systolic 
pressure can be calculated from the maximal Doppler velocity 
obtained across a tricuspid regurgitant jet.

Aortic valve area is calculated using the continuity equa
tion. Stroke volume (SV) is calculated from the product of the 
cross-sectional area of the left ventricular outflow tract (LVOT) 
and the time-velocity integral derived from Doppler evaluation 
of the outflow tract. A  time-velocity integral is then derived from 
the stenotic valve. Because the LVOT and the aortic valve are in 
continuity, SVs across each are equal. Therefore valve area can be 
derived by dividing the SV by the aortic valve time-velocity inte
gral. M itral valve area is measured directly by 2-D planimetry or 
by the Doppler pressure half-time method. In patients with con
genital disease, detailed evaluation of anatomy and previous sur
gical repair is possible. W hen complex CHD is present or when 
image quality is suboptimal, transesophageal imaging provides 
improved image quality. Cardiac magnetic resonance imaging 
(MRI) may be used to define complex anatomy that is not well 
evaluated by echocardiography, but caution must be taken with 
magnetic resonance contrast agents such as gadolinium.

Serum levels of B-type ((3) natriuretic peptide (BNP) and 
N-terminal pro-BNP (NT-proBNP) rise in response to volume 
loading conditions and have been used outside pregnancy as 
predictors of adverse outcomes in patients with cardiac disease. 
Serum levels of BNP of 100 pg/mL or less and NT-proBNP of 
125 pg/mL or less have been demonstrated to have strong nega
tive predictive values for adverse cardiac outcomes in pregnant 
women with heart disease.6,7 In our practice, we use BNP to 
identify potentially adverse effects of volume loading in preg
nancy and to guide therapy. Figure 37-4 describes the course of 
serum BNP levels across two pregnancies in a woman with 
hypertrophic cardiomyopathy. The time frame of each of the 
pregnancies is easily identifiable by a marked rise in BNP, and 
the impact of the initiation and dose adjustments in diuretic 
therapy with furosemide can be identified by sharp reductions 
in BNP.

G E N E R A L  C A R E
Management of cardiac disease in pregnancy is frequently com
plicated by unique social and psychological concerns. Women 
who had CHD as children may have experienced multiple

BOX 37-1 STRUCTURED ASSESSMENT 
OF CARDIAC SYMPTOMS

H o w  m a n y  f l ig h ts  o f  s ta irs  can yo u  w a lk  up w ith  ease?
T w o?  One? None?

Can yo u  w a lk  a leve l b lock?
Can yo u  s leep  f la t  in bed? H o w  m a n y  p illo w s  d o  y o u  use? 
Does y o u r  h e a rt race?
Do yo u  have  chest pain?

• D oes th is  o c c u r w ith  exerc ise?
• Do y o u  have  pa in  w h e n  y o u r  h e a rt races?

hospitalizations and may be fearful of the medical environment. 
Some have been cautioned against pregnancy and therefore 
never expected to bear children. Women with rheumatic heart 
disease have frequently lived outside the traditional medical 
care system owing to conditions of poverty, immigration, and 
cultural differences. Care must be exercised to facilitate their 
access to care and their comfort with the environment of care. 
Their practitioner must be patient but persistent in the face of 
deviations from more traditional standards of compliance and 
medical care.

Deterioration in cardiac status during pregnancy is fre
quently insidious. Continuity of care with a single provider 
facilitates early intervention before overt decompensation. 
Regular visits should include particular attention to heart rate, 
weight gain, and oxygen saturation. An unexpected increase in 
weight may indicate the need for more aggressive outpatient 
therapy. A fall in oxygen saturation often precedes a clearly 
abnormal chest examination or radiograph. Regular use of a 
structured history of symptoms (Box 37-1) alerts the physician 
to a change in condition. A regular review of symptoms also 
educates patients and reinforces their collaborative roles as “part
ners in care.”

The physiologic changes of pregnancy are usually continuous; 
therefore they offer adequate time for maternal compensation 
despite cardiac disease. Intercurrent events superimposed on 
pregnancy in the context o f maternal heart disease are usually 
responsible for acute decompensation. During the antepar
tum period, the most common of these are febrile episodes. 
Screens for bacteriuria and vaccination against influenza and 
pneumococcus (Streptococcus pneumoniae) are appropriate. 
Patients should be instructed to report symptoms of upper respi
ratory infection, particularly fever. M any women with heart 
disease— but especially adolescents, recent immigrants, and 
those living in poverty—are also at risk for iron deficiency. 
Prophylaxis against anemia with iron and folate supplementa
tion may decrease cardiac work.

One strategy is described in Box 37-2; these general principles 
for care are similar for most cardiac diagnoses. Physiologically, 
the ideal labor for a woman with heart disease is short and 
pain free. Although induction of labor facilitates organization 
of care and early pain control, shortening the duration of preg
nancy by 1 or 2 weeks at the cost of a 2- or 3-day induction of 
labor is not worthwhile. Induction of labor with a favorable 
cervix is therefore preferred. Some patients with severe cardiac 
disease benefit from invasive hemodynamic monitoring with an 
arterial catheter and a pulmonary artery catheter. These methods 
are discussed in detail later. Cesarean delivery is usually reserved 
for obstetric indications. The American Heart Association 
(AHA) does not recommend routine antibiotic prophylaxis for 
the prevention of endocarditis, although it is optional in
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808 Section VI Pregnancy and Coexisting Disease

BOX 37-2 STANDARD CARDIAC CARE FOR LABOR 
AND DELIVERY

1. Accurate d iagnosis
2. M ode o f de live ry based on obstetric  ind ica tions
3. M edical m anagem ent in itia ted  early in labor

• Prolonged labor avoided
• Induction w ith  a favorable  cervix

4. M aintenance o f hem odynam ic s tab ility
• Invasive hem odynam ic m on ito rin g  w hen required
• Initia l, com pensated hem odynam ic reference po in t
• Specific em phasis based on particu la r cardiac 

cond ition
5. Avoidance o f pain and hem odynam ic responses

• Epidural analgesia w ith  narcotic/low -dose local 
technique

6. Consideration fo r  prophylactic  an tib io tics w hen at risk 
fo r  endocarditis

7. A voidance o f m aternal pushing
• Caudal block fo r dense perineal anesthesia
• Low forceps o r vacuum  de live ry

8 . Avoidance o f m aternal blood loss
• Proactive m anagem ent o f the th ird  stage
• Early but appropria te  flu id  replacem ent

9. Early vo lum e m anagem ent postpartum
• Often careful but aggressive diuresis

high-risk patients having a vaginal delivery. Because bacteremia 
is common at the time of vaginal delivery and cesarean delivery,8 
many practitioners will provide antibiotic prophylaxis in all 
patients at risk. In contrast to AHA recommendations, compel
ling arguments in support of broad use of antibiotic prophylaxis 
have been made, citing limited large-scale studies that support 
the recommendations and the high cost and risk associated with 
endocarditis.9

Women with significant heart disease should be counseled 
before pregnancy regarding the risk of pregnancy, interventions 
that may be required, and potential risks to the fetus. However, 
women with significant uncorrected disease often present with 
an ongoing established pregnancy. In this situation, the risks and 
benefits of termination of pregnancy versus those of continuing 
a pregnancy should be addressed. The decision to become preg
nant or carry a pregnancy in the context o f maternal disease 
is a balance o f two forces: the objective medical risk, includ
ing the uncertainty o f that estimate, and the value o f the 
birth o f a child to an individual woman and her partner. The 
first goal of counseling is to educate the patient. Only a few 
cardiac diseases represent an overwhelming risk for maternal 
mortality: Eisenmenger syndrome, pulmonary hypertension 
with RV dysfunction, and Marfan syndrome with significant 
aortic dilation and severe LV dysfunction. Most other conditions 
require aggressive management and significant disruption in 
lifestyle. Intercurrent events such as antepartum pneumonia or 
obstetric hemorrhage pose the greatest risk for initiating life- 
threatening events; fastidious care can reduce, but does not 
eliminate, the risk for these events. Maternal CHD increases the 
risk for CHD in the fetus from 1% to about 4% to 6% .9,10 
Marfan syndrome and some forms of hypertrophic cardiomy
opathy are inherited as autosomal-dominant conditions, and 
offspring of these women carry a 50% chance of inheriting the 
disease. The second goal of counseling is to help each woman 
integrate the medical information into her individual value 
system and her individual desire to become a mother. Many

women with significant but manageable heart disease choose to 
carry a pregnancy. The basis for decisions regarding their care 
should be individualized.

R isk -S co rin g  S trateg ie s
Pregnancy in women with heart disease is associated with 
increased risks for deterioration of maternal cardiac status and 
adverse pregnancy outcomes. These risks include maternal 
arrhythmias, heart failure, preterm birth, fetal growth restric
tion, and a small but significant risk o f maternal and fetal 
mortality. Accurate quantification of maternal and fetal risks 
should be used to counsel patients and to direct care. Three risk 
models have been suggested.

The Cardiac Disease in Pregnancy (CARPREG) score was 
derived from a prospective descriptive study of 562 pregnant 
women with cardiac disease that included congenital or acquired 
lesions and arrhythmias.11 The scoring system was created to 
estimate the risk of experiencing a primary cardiac event. The 
predictors in this scoring system include (1) a prior cardiac 
event—heart failure, transient ischemic attack, or stroke before 
pregnancy; (2) baseline New York Heart Association (NYHA) 
class greater than II or cyanosis; (3) mitral valve area less 
than 2 cm2, aortic valve area less than 1.5 cm3, or peak LVOT 
gradient greater than 30 mm Hg by echocardiography; and
(4) reduced systemic ventricular systolic function with an ejec
tion fraction (EF) of less than 40%.

The ZAHARA (Zwangerschap bij Aangeboren Hartajwijkingen 
[Pregnancy In Congenital Heart Disease]) score was derived 
from a nationwide database of 1302 pregnant women with 
C H D .12 Predictors identified to be associated with maternal 
cardiac complications included (1) prior arrhythmia, (2) NYHA 
class III or IV, (3) LVOT gradient greater than 50 mm Hg 
or aortic valve area less than 1.0 cm2, (4) mechanical valve 
prosthesis, (5) systemic atrioventricular (AV) valve regurgitation 
(moderate/severe), (6) pulmonary AV valve regurgitation (mod
erate to severe), (7) cardiac medication prior to pregnancy, and 
(8) cyanotic heart disease, both corrected and uncorrected. This 
study also externally validated the prior CARPREG study and 
noted that the CARPREG score overestimated the risk.

The modified World Health Organization (W HO) classifica
tion uses four categories determined largely by diagnosis: class I 
includes uncomplicated, mild pulmonary stenosis; class II com
prises unoperated ASD, ventricular septal defect (VSD), and 
repaired tetralogy of Fallot; class III includes mechanical valves, 
systemic right ventricle, Fontan circulation, unrepaired cyanotic 
heart disease, other complex CHD, Marfan syndrome with 
an aorta 40 to 45 mm in width or bicuspid aortic valve with 
an aorta 45 to 50 mm; and class IV describes pulmonary 
hypertension/Eisenmenger syndrome, systemic EF less than 
30%, systemic dysfunction of NYHA class III or IV, severe 
mitral stenosis, severe symptomatic aortic stenosis, Marfan syn
drome with aorta greater than 45 mm, bicuspid valve with aorta 
greater than 50 mm, or severe coarctation.13

The ZAHARA II study was performed to validate and 
compare CARPREG, ZAHARA I, and the modified WHO risk 
models for pregnant women with CH D .1'* ZAHARA II enrolled 
213 women and included patients only with congenital struc
tural heart disease. Overall, primary cardiovascular events were 
observed in 22 of the pregnancies (10.3%). The most frequent 
events included clinically significant arrhythmias, followed by 
heart failure and thrombotic events. It was noted that the 
ZAHARA I and CARPREG scores overestimated risk. The
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Chapter 37 Heart Disease in Pregnancy 809

modified W H O  classification performed as the best available 
risk-assessment model for estimating cardiovascular risk.

From the scoring systems, common features can be identified 
that individually or collectively may predict adverse outcome. 
For patients with several risk factors, the impact on outcome 
may be more than additive, as suggested by the structures of the 
scoring systems: (1) prior cardiac event, (2) NYLIA class III or 
IV, (3) LVOT obstruction, (4) reduced systemic EF, (5) mechan
ical prosthesis, (6) moderate to severe AV valve regurgitation, 
(7) cardiac medications prior to pregnancy, and (8) cyanotic 
heart disease. The W HO  system based on diagnoses incorporates 
risk associated with pulmonary hypertension and RV dysfunc
tion, severe mitral stenosis, dilated aortas, and single-ventricle 
repairs not specifically captured by CARPREG or ZAHARA.

Although it seems optimal to be able to assign a direct risk 
score to a woman when counseling her during pregnancy, all of 
the studies above highlight the challenge in being able to create 
the ideal scoring system. Each category of CHD carries varied 
risks based on maternal hemodynamic and cardiovascular func
tion findings. It is therefore important to understand the differ
ent risk scores; although ultimately, the individual cardiovascular 
functional parameters and overall hemodynamic stability of each 
patient must be understood to provide the most individualized 
care for each woman.

V A L V U L A R  D IS E A S E
The American College of Cardiology (ACC) and the AHA have 
published guidelines for the management of valvular heart 
disease, including some guidelines for management during preg
nancy.15 These guidelines create a general framework for precon- 
ceptional care and care during pregnancy, realizing that treatment 
of a specific patient must be individualized.

Mitral S te n o sis
Mitral stenosis is most commonly caused by rheumatic heart 
disease and is the most common acquired valvular lesion in 
pregnant women. Valvular dysfunction progresses continuously 
throughout life. Deterioration may be accelerated by recurrent 
episodes of rheumatic fever, an immunologic response to group 
A [3-hemolytic Streptococcus (GBS) infections. The incidence of 
rheumatic fever in a population is heavily influenced by condi
tions of poverty and crowding. These same individuals are at risk 
for having reduced access and use of health care resources and 
may present undiagnosed or untreated.

Patients with asymptomatic mitral stenosis have a 10-year 
survival rate of greater than 80%. Once a patient is significantly 
symptomatic, the 10-year survival rate without treatment is less 
than 15%. In the presence of pulmonary hypertension, mean 
survival falls to less than 3 years. Death is due to progressive 
pulmonary edema, right-sided heart failure, systemic emboliza
tion, or pulmonary embolism.11

Stenosis of the mitral valve impedes the flow of blood from 
the left atrium to the left ventricle during diastole. The normal 
mitral valve area is 4 to 5 cm2. Symptoms with exercise can be 
expected with valve areas less than or equal to 2.5 cm2. Symp
toms at rest are expected at less than or equal to 1.5 cm2. The 
left ventricle responds with Starling mechanisms to increased 
venous return with increased performance, elevating CO in 
response to demand. The left atrium is limited in its capacity to 
respond, and therefore CO is limited by the relatively passive 
flow o f blood through the valve during diastole; increased

venous return results in pulmonary congestion rather than 
increased CO. Thus the drive for increased CO in pregnancy 
cannot be achieved, resulting in increased pulmonary conges
tion. The relative tachycardia experienced in pregnancy shortens 
diastole, decreases LV filling, and therefore further compromises 
CO and increases pulmonary congestion.

The diagnosis of mitral stenosis in pregnancy before maternal 
decompensation is uncommon. Fatigue and dyspnea on exertion 
are characteristic symptoms of mitral stenosis but are also ubiq
uitous among pregnant women. Although the presence of a 
diastolic rumble may suggest mitral stenosis, this finding is 
subtle and may be overlooked or not appreciated. Not uncom
monly, an intercurrent event such as a febrile episode will result 
in exaggerated symptoms and the diagnosis of pulmonary edema 
or oxygen desaturation. Under these circumstances, particularly 
in the context of a patient from an at-risk group, an echocardio
gram should be performed to rule out mitral valvular disease.

Echocardiographic diagnosis of mitral stenosis is based on the 
characteristic appearance of the stenotic, frequently calcified 
valve. Calculation of valve area from the Doppler pressure half- 
time method or by 2-D planimetry provides an objective 
measure of severity. Valve areas of 1 cm2 or less usually require 
pharmacologic management during pregnancy and invasive 
hemodynamic monitoring during labor, whereas those 1.4 cm2 
or less usually require careful expectant management. Left atrial 
enlargement identifies a patient at risk for atrial fibrillation, 
subsequent atrial thrombus, and the potential for systemic 
embolization. Embolic complications have been reported in 
pregnant women with atrial enlargement without atrial fibrilla
tion. Pulmonary hypertension, a complication of worsening 
mitral disease, can be diagnosed and quantified with Doppler 
evaluation of the regurgitant jet across the tricuspid valve. Ele
vated pulmonary pressures may be due to hydrostatic forces 
associated with elevated left atrial pressures or, in more 
advanced disease, may result from pathologic elevations of 
pulmonary vascular resistance (PVR). Hydrostatic pulmonary 
hypertension may respond to therapy that lowers left atrial pres
sure. Pulmonary hypertension due to elevated PVR is life threat
ening in pregnancy and may precipitate right-sided heart failure 
in the postpartum period.

Pregnancy does not negatively affect the natural history o f 
mitral stenosis. Chesley16 reviewed the medical histories of 134 
women with functionally severe mitral stenosis who survived 
pregnancies between 1931 and 1943. These women lived before 
modern management of mitral stenosis and therefore represent 
the natural history of the disease. By 1974, only nine of the 
cohort remained alive. Their death rate was exponential; during 
each year of follow-up, the rate for the remaining cohort was 
6.3%. Women with subsequent pregnancies had comparable 
survival to those who did not become pregnant again, allowing 
the authors to conclude that pregnancy did not negatively affect 
long-term outcome.

The goal o f antepartum care in the context o f mitral ste
nosis is to achieve a balance between the drive to increase CO 
and the limitations o f flow across the stenotic valve. Most 
women with significant disease require diuresis with a drug such 
as furosemide. In addition, (3-blockade reduces heart rate, 
improves diastolic flow across the valve, and relieves pulmonary 
congestion. Al Kasab and associates17 evaluated the impact of 
(i-blockade on 25 pregnant women with significant mitral ste
nosis. Figure 37-5 describes the functional status of women 
before pregnancy and during pregnancy before and after
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810 Section VI Pregnancy and Coexisting Disease

(3-blockade. The deterioration associated with pregnancy and the 
subsequent improvement with treatment is evident. Fastidious 
antepartum care as described earlier should supplement pharma
cologic management.

Women with a history of rheumatic valvular disease who are 
at risk for contact with populations with a high prevalence of 
streptococcal infection should receive prophylaxis with daily oral 
penicillin G or monthly benzathine penicillin. Most pregnant 
women live in close contact with groups of children and usually 
are considered at risk.

Atrial fibrillation (AF) is a complication associated with 
mitral stenosis due to left atrial enlargement. Rapid ventricular 
response to AF may result in sudden decompensation. Digoxin, 
(3-blockers, or calcium channel blockers can be used to control 
ventricular response. In the context of hemodynamic decompen
sation, electrical cardioversion may be necessary. Anticoagula
tion with heparin should be used before and after cardioversion 
to prevent systemic embolization. Patients with chronic AF and

NYHA Pre- Preg. +Class Preg. Pregnant (3-blocker

FIG 37-5 The effects of p-blockade on functional status of women with 
mitral stenosis. NYHA, New York Heart Association. (From Al Kasab
S, Sabag T, Al Zaibag M, et al. Beta-adrenergic receptor blockade in 
the management of pregnant women with mitral stenosis. Am J 
Obstet Gynecol. 1990; 163:37.)

a history of an embolic event should also undergo anticoagula
tion. Anticoagulation may be considered in women with a left 
atrial dimension of 55 mm or greater.

Labor and delivery can frequently precipitate decompensation 
in patients with critical mitral stenosis. Pain induces tachycardia, 
and uterine contractions increase venous return and thereby 
increase pulmonary congestion. Women with critical mitral ste
nosis frequently cannot tolerate the work of pushing in the 
second stage. Clark and coworkers4 described the abrupt eleva
tion in pulmonary artery pressures in the immediate postpartum 
period associated with return of uterine blood to the general 
circulation (Fig. 37-6). Aggressive, anticipatory diuresis will 
reduce pulmonary congestion and the potential for oxygen 
desaturation.

The hemodynamics of women with symptomatic stenosis or 
a valve area of 1 cm2 or less may benefit from management with 
the aid of a pulmonary artery catheter. Ideally, hemodynamic 
parameters are assessed when the patient is well compensated, 
early in labor. These findings serve as a reference point to guide 
subsequent therapy. Pain control is best achieved with an epidu
ral, and heart rate control is maintained through pain control 
and [3-blockade. To avoid pushing, the second stage is shortened 
with low forceps or vacuum delivery; cesarean delivery is reserved 
for obstetric indications. Aggressive diuresis is initiated imme
diately postpartum. In a series of 80 pregnancies managed with 
a range of severity, the most common complications were pul
monary edema (31%) and arrhythmia (11%). W hen valve area 
was 1 cm2 or less, the rate of pulmonary edema was higher 
(56%), as was the rate of arrhythmia (33% ).18 These rates will 
be dependent on the effectiveness of medical management and 
the timing of presentation and diagnosis.

Aggressive medical management, including hospital bed 
rest in selected cases, is sufficient to manage most women 
with mitral stenosis. The woman with uncommonly severe 
disease may require surgical intervention. Although successful 
valve replacement and open commissurotomy have been reported 
in pregnancy, they are now rarely needed. Two reports detail 
successful balloon valvotomy in a series of 40 and 71 women 
with minimal complications.19'20 Complications of balloon val
vuloplasty outside of pregnancy occur at the following rates:

Stage PP PP

Time
FIG 37-6 The changes in pulmonary capillary wedge pressure (PCWP) associated with delivery and subsequent diuresis in women with mitral 
stenosis. PP, postpartum. (From Clark S, Phelan J, Greenspoon J, et al. Labor and delivery in the presence of mitral stenosis: central hemody
namic observations. Am J Obstet Gynecol. 1985; 152:384.)
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Chapter 37 Heart Disease in Pregnancy 811

mortality (0.5%), cerebrovascular accident (1%), and mitral 
regurgitation that requires surgery (2%). M itral valvuloplasty in 
pregnancy has been reported with success rates of 95% or 
greater. The incidence of severe mitral regurgitation that required 
surgery was 4.6%  in the larger series at long-term follow-up; no 
women required surgery for acute mitral regurgitation during 
pregnancy. The rate of fetal loss was between 1% and 2%. 
Medical management should be clearly exhausted before 
assuming these risks during pregnancy, when emergent inter
vention such as valve replacement is more complicated and 
carries a significant risk to the fetus.

Rheumatic disease can also affect the aortic valve. In the 
context of aortic stenosis that is critically dependent on ventricu
lar filling, management of significant mitral stenosis that limits 
ventricular filling is particularly complicated.

Mitral R egurgitation
Mitral regurgitation may be due to a chronic progressive process 
such as rheumatic valve disease or myxomatous mitral valve 
disease, frequently associated with mitral valve prolapse. As 
regurgitation increases over time, forward flow is maintained at 
the expense of LV dilation with eventual impaired contractility. 
Left atrial enlargement may be associated with AF that should 
be managed with ventricular rate control and anticoagulation. 
The patient with chronic mitral regurgitation may remain 
asymptomatic even with exercise. Preconceptional counseling 
should include consideration of valve replacement in consulta
tion with a cardiologist. In general, valve replacement is recom
mended for (1) symptomatic patients, (2) AF, (3) EF less than 
60%, (4) LV end-diastolic dimension greater than 40 mm, or
(5) pulmonary systolic pressure greater than 50 mm H g.15 As 
discussed later, the benefits of valve replacement before preg
nancy must be balanced against the risks associated with a pros
thetic valve in pregnancy and the potential for prosthetic valve 
deterioration in pregnancy. If surgery is required, valve repair— 
rather than replacement— is preferred when possible to avoid 
the need for anticoagulation.

Acute mitral regurgitation in young patients is uncommon 
and may be associated with ruptured chordae tendineae as a 
result o f endocarditis or myxomatous valve disease. W ithout 
time for LV compensation, forward flow may be severely com
promised; urgent valve surgery is usually required. Inotropic LV 
support and systemic afterload reduction can be used to stabilize 
the patient.

The hemodynamic changes associated with pregnancy can be 
expected to have mixed effects. A reduction in systemic vascular 
resistance (SVR) tends to promote forward flow. The drive to 
increase CO will exacerbate LV volume overload, and increased 
atrial dilation may initiate AF. Pulmonary congestion can be 
managed by careful diuresis with the knowledge that adequate 
forward flow is usually dependent on a high preload to achieve 
adequate LV filling. AF should be managed as in the nonpreg
nant state. An increase in SVR due to progressive hypertension 
secondary to advancing preeclampsia may significantly impair 
forward flow and should be treated. Labor and delivery should 
be managed with standard cardiac care. Catecholamine release 
that occurs as a result of pain or stress impairs forward flow; 
therefore particular attention should be paid to LV filling. 
Excessive preload results in pulmonary congestion, and 
insufficient preload will not fill the enlarged left ventricle and 
will result in insufficient forward flow. A pulmonary artery 
catheter can be used to determine appropriate filling pressure in

early labor or before induction. Although a large v-wave may 
complicate the interpretation of pulmonary artery wedge pres
sure, the pulmonary artery diastolic pressure can be used as a 
reference point. Diuresis in the early postpartum period may be 
required.

Myxomatous mitral valve disease or mitral valve prolapse is a 
common condition that affects as many as 12% of young 
women. In the absence o f conditions o f abnormal connective 
tissue such as Marfan or Ehlers-Danlos syndrome and clini
cally significant mitral regurgitation, women with mitral 
prolapse can be expected to have uncomplicated pregnancies. 
They may experience an increase in tachyarrhythmias that can 
be treated with (i-blockers, and the use of prophylactic antibiot
ics may be considered at the time of delivery.

A o rtic S te n o sis
Most patients who develop calcific stenotic trileaflet aortic valves 
do so outside their childbearing years (age 70 to 80 years). 
Patients with bicuspid valves develop significant stenosis after 
the age of 50 to 60 years. Rheumatic disease can also affect the 
aortic valve, usually after the development of significant mitral 
disease. Most pregnant women with significant aortic stenosis 
have congenitally stenotic valves: bicuspid valves with congeni
tally fused leaflets, unicuspid valves, or tricuspid valves with 
fused leaflets.

The natural history o f aortic stenosis is characterized by a 
long, asymptomatic period. W ith increasing outflow obstruc
tion, patients develop angina, syncope, and LV failure. W ithout 
valve replacement, only 50% of patients will survive 5 years after 
the development of angina; 3 years after the development of 
syncope; and 2 years after the development of LV failure. 
Although valve replacement is the only definitive treatment for 
calcific aortic stenosis, valvuloplasty may prove beneficial in 
some young adults whose valves are not calcified. Medical man
agement of symptomatic patients is not generally efficacious. 
Mechanical valve replacement requires anticoagulation, which 
complicates subsequent pregnancies.

Young women with aortic stenosis are usually asymptomatic. 
Although they may develop increasing exercise intolerance in 
pregnancy, the progression is insidious and not easily distin
guished from the effects of normal pregnancy. The diagnosis is 
usually made by the auscultation of a harsh systolic murmur. 
The murmur can easily be distinguished from a physiologic 
murmur o f pregnancy by its harshness and radiation into 
the carotid arteries. Diagnosis is confirmed by echocardiogra
phy whereby the pressure gradient across the valve can be 
measured by Doppler, and the valve area can be calculated with 
the continuity equation. M any women with significant aortic 
stenosis experience the expected increase in CO associated 
with pregnancy.3 Increased flow across the fixed, stenotic valve 
results in a proportionately increased gradient across the 
valve. Although the pressure gradient during pregnancy may be 
higher than that observed postpartum, these differences are not 
significant.

Four series of patients with aortic stenosis in pregnancy have 
been reported.3,21'23 The reports summarize experiences with 
wide ranges in severity of disease and management ranging from 
the 1960s and 1970s to the present. Arias and Pineda21 described 
a series of 23 cases managed before 1978 with a maternal mortal
ity rate of 17%. More recent series, however, do not demonstrate 
this high level of maternal risk.3,22,23 The potential for serious 
adverse outcomes reported by Arias should, however, serve as an
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812 Section VI Pregnancy and Coexisting Disease

indication for intensive management. The rate of mortality 
should not necessarily be used as an indication for termination 
or surgical intervention. Pregnant patients have been successfully 
managed with aortic gradients in excess of 160 mm Hg.3 In 
general, patients with a peak aortic gradient of 60 mm Hg or 
less have had uncomplicated courses. Those with higher gradi
ents require increasingly intensive management.

Aortic valve replacement and balloon valvotomy have been 
reported during pregnancy. Balloon valvotomy in a young 
patient without valve calcification can provide significant long
term palliation. Valvotomy before pregnancy may provide an 
interval of hemodynamic stability sufficient to complete a preg
nancy without the complications associated with a mechanical 
prosthetic valve. Consideration for valve replacement or val
votomy during pregnancy should be reserved for patients 
who remain clinically symptomatic despite hospital care. In 
general, intervention should not be based solely on a pressure 
gradient or valve area.

Aortic stenosis is a condition of excess LV afterload. Ventricu
lar hypertrophy increases cardiac oxygen requirements, whereas 
increased diastolic ventricular pressure impairs coronary perfu
sion. Each increases the potential for myocardial ischemia. 
The left ventricle requires adequate filling to generate sufficient 
systolic pressure to produce flow across the stenotic valve. Given 
a hypertrophied ventricle and some degree o f diastolic dys
function, the volume-pressure relationship is very steep. A  
small loss o f LV filling results in a proportionately large fall 
in LV pressure and, therefore, a large fall in forward flow and 
CO. The pregnant patient with significant aortic stenosis is very 
sensitive to loss of preload associated with hemorrhage or 
epidural-induced hypotension. The window of appropriate 
filling pressure is narrow. Excess fluid may result in pulmonary 
edema; insufficient fluid may result in hypotension and coronary 
ischemia. In general, pulmonary edema associated with excess 
preload is much easier to manage than hypotension due to 
hypovolemia.

Appropriate antepartum care is described earlier. Given that 
most aortic stenosis in young women is congenital in origin, 
fetal echocardiography is indicated. Although some controversy 
persists, cesarean delivery is generally reserved for obstetric indi
cations. Pain during labor and delivery can be safely managed 
with regional analgesia using a low-dose bupivacaine and nar
cotic technique. Dense anesthesia during the second stage can 
be obtained with minimal hemodynamic complications using a 
caudal catheter. Patients with gradients above 60 to 80 mm Hg 
may benefit from the use of a pulmonary artery and arterial cath
eter during labor. Hospital admission one day before planned 
induction of labor with a favorable cervix is preferred, and a 
prolonged induction should be avoided. Pulmonary artery and 
radial artery catheters, as well as epidural and caudal catheters, 
are placed. The patient should be gently hydrated overnight to 
achieve a pulmonary artery wedge pressure (PAWP) of 12 to 
15 mm Hg. Some patients with milder disease spontaneously 
diurese in the face of a volume load such that an elevation in 
PAWP cannot be achieved. An elevated PAWP serves as a buffer 
against a loss of preload. If PAWP falls with bleeding or the onset 
of anesthesia, volume can be administered before a reduction in 
forward flow occurs. In general, pushing is minimized, and the 
second stage is shortened with operative vaginal delivery. Anti
biotics may be considered for the prevention of endocarditis.

Postpartum patients should be monitored hemodynamically 
for 24 to 48 hours. Diuresis is usually spontaneous, and the

patient can be allowed to find her predelivery compensated state. 
When diuresis must be induced to treat pulmonary edema, it 
should be done gently and carefully. Predelivery hemodynamic 
parameters should be used as an end point. Some have found 
that a significant delay in valve replacement in women with 
quite severe disease is associated with maternal complications.1 
In a larger cohort of women with less severe disease followed for
6 years and compared with a matched cohort who had not been 
pregnant, women who experienced a pregnancy had a reduction 
in event-free survival.24 These observations may be the result of 
accelerated valve deterioration due to pregnancy. For this reason, 
valve replacement within weeks of delivery may be indicated.

A o rtic R egurgitation
Aortic regurgitation is most often due to a congenitally abnor
mal valve. Other causes include Marfan syndrome, endocarditis, 
and rheumatic disease. As with mitral regurgitation, the left 
ventricle compensates for decreased forward flow with an 
increase in LV end-diastolic volume. Afterload reduction pre
vents progressive LV dilation and is recommended for patients 
with LV dysfunction or dilation. Valve replacement is generally 
recommended for (1) NYHA functional class III and class IV 
symptoms, (2) an EF less than 50%, or (3) an LV end-systolic 
dimension greater than 50 m m .12 Acute regurgitation may be due 
to aortic root dissection or endocarditis and usually represents 
a medical emergency that requires urgent valve replacement.

The reduction in vascular resistance associated with preg
nancy tends to improve cardiac performance. If afterload 
reduction has been achieved with an angiotensin-converting 
enzyme (ACE) inhibitor or an angiotensin receptor blocker 
(ARB) before pregnancy, hydralazine or a calcium channel 
blocker such as nifedipine should be substituted. Modest heart 
rate elevations should be tolerated, and bradycardia may be 
associated with increased regurgitation due to prolongation of 
diastole. Labor and delivery are managed with standard cardiac 
care, and pulmonary artery catheterization is not usually 
required. As the hemodynamic changes associated with preg
nancy resolve, a rise in vascular resistance should be anticipated 
and afterload reduction maintained.

Prosthetic V a lv e s
Definitive therapy for significant valvular disease requires surgi
cal repair or, more commonly, replacement. Mechanical valves 
are durable but require anticoagulation. When used in a young 
woman, bioprosthetic valves usually require replacement during 
her lifetime. Reports of pregnancies associated with prosthetic 
valves suggest significant variability in outcomes, and these have 
been reviewed in detail by Elkayam and Bitar21 and within the 
2014 AHA/ACC Valvular Heart Disease Guidelines.15 Reported 
outcomes must be interpreted in the context of the cohorts of 
patients reported and the circumstances of clinical care.

Decisions that surround the timing and choice of valve 
replacement for a woman of reproductive age are complex. Man
aging a pregnancy with moderate valve disease may be less 
complicated than managing a pregnancy with a prosthetic valve. 
The durability of a mechanical valve has considerable advantages 
for a young person, but it is associated with more adverse out
comes in pregnancy. Delay in valve replacement until child
bearing is completed is appropriate when the severity of 
heart disease is believed to be manageable in pregnancy.

Bioprosthetic valves have relatively low rates of complications 
in pregnancy. Some women, particularly those with CHD, will
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Chapter 37 Heart Disease in Pregnancy 813

have residual hemodynamic issues associated with their primary 
condition that are not addressed with valve replacement. The 
impact of pregnancy on the life of a bioprosthetic valve has been 
studied.26 Ten-year graft survival following two pregnancies was 
16.7%, compared with 54.8% following a single pregnancy, 
which suggests that pregnancy may adversely affect the life of a 
bioprosthetic valve. Accelerated deterioration o f bioprosthetic 
valves in the setting o f pregnancy has been confirmed by 
several studies. 25,28'30

Anticoagulation is required with a mechanical valve. M an
agement of anticoagulation in pregnant women with mechanical 
prosthetic valves remains very controversial because commonly 
used anticoagulants have significant maternal and fetal adverse 
effects, and no single agent is safe throughout all stages of preg
nancy. Interpretation of reported outcomes must be made in 
the context of valve location, thrombogenicity of the particular 
valve, strategies for anticoagulation and monitoring of effec
tiveness, and social context including compliance. Mechanical 
valves in the mitral position will be expected to have more 
thrombotic complications than those in the aortic position. 
Older-generation valves, such as Bjork-Shiley or Starr-Edwards, 
may be in place in a pregnant woman and will be more likely 
to have thrombotic complications. When strategies for 
anticoagulation without dose adjustment are used in preg
nancy, particularly in the case o f heparin therapy, increased 
thrombotic complications are to be expected. Outcomes 
are better when clinical care teams are experienced with 
monitoring and dosing anticoagulation and work to achieve 
compliance.

Recommendations regarding anticoagulation in pregnancy 
for women with mechanical valves have been published by the 
ACC and AHA,15 the American College of Chest Physicians,31 
and by Elkayam and Bitar.25 Each have largely drawn informa
tion from the same sources but in doing so have made substan
tially different recommendations regarding the use of warfarin 
or heparin. Physicians who care for pregnant women with 
mechanical heart valves should be familiar with each set of rec
ommendations and should use them for guidance in counseling 
patients and establishing a plan.

Ideally, patients are evaluated and counseled preconception- 
ally. An effective plan of birth control is used until a pregnancy 
is planned; therefore long-acting reversible contraceptives should 
be considered. Progestin-based systems may reduce menstrual 
bleeding for women on warfarin. Once a pregnancy is desired, 
a clear plan for anticoagulation in the first trimester should be 
in place, with clinical systems available to immediately imple
ment the plan once a pregnancy is identified. Early surveillance 
for a potential pregnancy is essential.

First Trimester
Warfarin is clearly teratogenic when used in the first trimester, 
and its use in pregnancy has been extensively reviewed.3" A tera
togenic window between 6 and 9 gestational weeks has been 
suggested. Exposure in this timeframe results in an incidence 
of warfarin embyropathy of approximately 6%. Exposure to less 
than 5 mg/day has been suggested to decrease the incidence to 
as low as 3%. If adequate anticoagulation can be maintained 
with less than 5 mg/day of warfarin, oral anticoagulation could 
be considered after appropriate counseling. An increase in dosing 
should be expected in pregnancy and may lim it use of this 
strategy. M any women w ill choose therapy with low-molecular- 
weight heparin (LM W H). Conversion can be accomplished

shortly after the first missed period and with confirmation of 
pregnancy.

Second and Third Trimester
Management during the second and third trimesters (prior to 
labor) remains controversial. Treatment with warfarin offers 
superior anticoagulation compared with heparin therapy. The 
magnitude of maternal risk assumed with heparin therapy will 
be dependent on valve type and location and on the quality 
of anticoagulation achieved. Weight-based dosing, treatment 
without aggressive monitoring, and noncompliance are associ
ated with unacceptably high rates of thromboembolic complica
tions. Three studies33'35 have reported a total 35 pregnancies with 
therapeutic factor Xa levels without thrombotic complications. 
Three patients experienced complications with subtherapeutic 
factor Xa levels.

The magnitude of risk to the fetus in the second and third 
trimesters associated with warfarin exposure is also unclear. 
Minor levels of dose-dependent neurologic dysfunction with 
exposure after the first trimester have been reported as have 
trends for an increased risk for intelligence quotient (IQ score) 
below 80 (odds ratio [OR], 3.1; 95% confidence interval (C l),
0.8 to 11.6).32 Preterm labor in the context of anticoagulation 
with warfarin w ill be associated with risks for fetal bleeding as 
well as the potential need for urgent operative delivery, which 
places the mother at risk for hemorrhage.

The AHA/ACC guidelines recommend treatment with war
farin in the second and third trimesters but suggest that dose- 
adjusted LM W H is a reasonable option for women who choose 
not to be on an oral anticoagulant.15 The American College of 
Chest Surgeons (ACCS) supports use of dose-adjusted LMW H, 
dose-adjusted unfractionated heparin (UFH), or warfarin in 
the second and third trimesters.31 The review recognizes that 
“the choice of anticoagulant regimen is so value and preference 
dependent (risk of thrombosis vs. risk of fetal abnormalities) that 
we consider the decision to be completely individualized.”

Labor and Delivery
Prior to delivery, conversion to heparin-based therapy is uni
formly recommended. Continuous intravenous (IV) manage
ment with UFH or LMW H has been suggested. IV therapy 
will usually require chronic vascular access and comes with an 
associated risk for line infection and endocarditis. Treatment 
is stopped such that delivery can be accomplished without 
anticoagulation.

Postpartum
IV heparin is consistently recommended after delivery. Initiating 
intravenous UFH without a bolus may decrease the risk for 
bleeding complications, and conversion to warfarin once the risk 
for bleeding is low is recommended. Avoiding the use of LMWH 
while bridging to warfarin may also reduce the incidence of 
bleeding. Oral anticoagulation is not contraindicated with 
breastfeeding.

Treatment with warfarin to achieve an international normal
ized ratio (INR) of 2.5 to 3.5 has been recommended.25 Treat
ment with LM W H requires careful monitoring and dose 
adjustment, and the total dose should be expected to increase 
substantially throughout pregnancy. Substantial variability in 
anti-factor Xa levels should be expected over a dosing interval 
and may result in subtherapeutic trough levels.36 Peak levels of 
1.5 IU/mL or less, midinterval levels of approximately 1.0 IU/
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mL, and trough levels of 0.6 IU/mL have been recommended."1 
Twice-daily dosing will be required at a minimum, and thrice- 
daily dosing may be required to achieve an appropriate trough 
without an excessively high peak concentration. Treatment with 
intravenous UFH to achieve an activated partial thromboplastin 
time (aPTT) greater than 2.0 has been recommended25 in addi
tion to simultaneous treatment with low-dose aspirin.15

If valve thrombosis is encountered, thrombolysis should be 
considered because successful thrombolytic therapy of a clotted 
valve in pregnancy has been reported. Although thrombolysis is 
safe and effective for many patients, embolic complications, 
bleeding, and death have been reported in pregnancy. Surgery 
such as cesarean delivery cannot be performed in proximity to 
thrombolytic therapy.

Management of pregnant women with mechanical heart 
valves is complex. Counseling balances risks of alternative thera
pies that rely on less than optimal data and the values and risk 
willingness of individual patients. Management of anticoagula
tion, whether it be with warfarin or LM W H, is nuanced and 
relies heavily on clinical experience in monitoring and dose 
adjustment.

C O N G E N IT A L  H E A R T  D IS E A S E
Congenital heart disease is present in 0.7%  to 1% o f live 
births and accounts for as many as 30%  o f infants with birth 
anomalies. Before the development of corrective surgery, many 
children died shortly after birth or in childhood. In 1939, the 
first patent ductus arteriosus (PDA) was ligated. In 1945, the 
first Blalock-Thomas-Taussig shunt was performed for palliation 
of cyanotic heart disease. In 1953, cardiac bypass was intro
duced. Introduction of surgery under hypothermia in the late 
1960s permitted longer and more complex repairs. O f children 
who survived surgery to correct tetralogy of Fallot between 1955 
and 1960, the 23-year survival was 86%, approaching the 
expected survival rate of 96% for normal children. Before the 
1960s, rheumatic heart disease was more common in pregnancy 
than CHD by a ratio of 4 :1 . By the 1980s, the ratio was 1 :1 . 
Currently, congenital disease is now estimated to exceed rheu
matic disease by 4 :1 . Although most enter pregnancy with 
known heart disease, some women have their disease first recog
nized because of the hemodynamic demands of pregnancy.

Increased survival of children with congenital disease has 
created a population of young women with complex medical 
and psychosocial conditions entering their childbearing years. 
Those whose CHD was diagnosed in infancy have frequently 
experienced multiple cardiothoracic surgeries and extended hos
pitalizations. They have lived with continued concerns from 
parents and health care professionals regarding their ongoing 
health problem. Their childhood has been described as “growing 
up heart sick.”37 Some describe a lack of information regarding 
childbearing and contraception. They “seemed to believe that 
someone else could and would decide whether they should 
become pregnant.” Kovacs and coworkers38 describe the contra
ception and pregnancy advice women with CHD recall receiving 
from their health care providers, and in many cases, women 
received either no information or the information they did 
receive was inaccurate. Health care providers should strive to 
(1 ) objectively share information regarding reproductive 
health care; (2 ) direct decision making toward the patient, 
rather than toward parents and health care professionals; and 
(3) improve self-esteem and body image. When treating CHD

TABLE 37-1 INCIDENCE OF CONGENITAL HEART 
DEFECTS IN CHILDHOOD AND 
IN PREGNANCY

DEFECT CHILDHO O D (%) PREG NANCY (%)

Ventricular septal defect 35 13
Atrial septal defect 9 9
Patent ductus arteriosus 8 2.7
Pulmonary stenosis 8 8
Aortic stenosis 6 20
Coarctation of the aorta 6 8
Tetralogy of Fallot 5 12
Transposition of the 

great vessels
4 5.4

Data from Shime J, Mocarski E, Hastings D, et al. Congenital heart disease in 
pregnancy: short- and long-term implications. Am J  Obstet Gynecol. 1987; 156:313; and 
Findlow D, Doyle E. Congenital heart disease in adults. B r J  Anaesth. 1997;78:4l6.

TABLE 37-2 NEONATAL OUTCOME WITH 
CONGENITAL HEART DISEASE: 
LIVEBORN VERSUS TERMINATION

LIVEBORN IN FAN T (%) TER M IN ATIO N  <%)

Noncyanotic 86 5
Cyanotic 85 26
Corrected 95 17
Palliative 87 17
Uncorrected 71 42

Data from Whittemore R, Hobbins J, Engle M . Pregnancy and its outcome in women 
with and without surgical treatment of congenital heart disease. Am J  Cardiol. 
1982;50:64l.

during pregnancy, there must be a willingness to acknowledge 
and address the impact of the patient’s disease on her life.

Table 37-1 summarizes the distribution of CHD in childhood 
and in pregnancy.23'39 The spontaneous closure of lesions such 
as VSD and correction of a patent ductus are reflected by 
reduced reporting in pregnancy. The increased reporting of 
aortic stenosis in pregnancy is probably due to a worsening of 
disease with age and the ease of recognition during pregnancy. 
The complexity and diversity of CHD confounds our ability to 
describe the prognosis or a management plan for the breadth of 
conditions. Major risks in pregnancy include (1) cyanosis; (2) 
left (or systemic) ventricular dysfunction and poor func
tional status; (3) pulmonary hypertension and Eisenmenger 
syndrome, particularly with RV dysfunction; and (4) severe 
left (or systemic) outflow tract obstruction.

Neonatal complications are more likely when pregnant 
women have heart disease, particularly if  one or more of the 
major risk factors listed above is present.9’11,23 39 Neonatal out
comes have been most clearly described based on the presence 
or absence of maternal cyanosis. Table 37-2 is derived from a 
report9 of 482 pregnancies from 233 women with CHD who 
delivered between 1968 and 1982. The rate of terminations was 
higher in the group of women with cyanotic heart disease and 
was particularly high (42%) in those with uncorrected lesions. 
This reflects the anticipated poor neonatal outcome and mater
nal risks associated with uncorrected cyanotic disease. It is likely 
that patients with more severe disease are overly represented in 
the group of women who chose to terminate, which would bias 
the group who continued pregnancy toward a better outcome: 
86% to 90% of pregnancies without cyanosis ended in a live 
birth, and 71% with an uncorrected lesion also delivered suc
cessfully. Given an expected baseline rate of miscarriage, these
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outcomes are good. Corrected cyanotic disease was associated 
with outcomes comparable to noncyanotic disease. Other 
adverse neonatal outcomes, including low birthweight, are 
concentrated among women with uncorrected cyanotic heart 
disease. In a report of 96 pregnancies among 44 women with 
cyanotic CHD, 43% resulted in a live birth and spontaneous 
abortion and stillbirth occurred in 51% and 6%, respectively.40 
Among the live births, 37% were premature. The mean birth
weight among those born full term was 2575 g (2100 to 3600 g). 
A report 3 of 144 pregnancies from women with CHD delivered 
between 1976 and 1986 details a similar rate of prematurity 
(35%) with 53% born small for gestational age (SGA, mean 
birthweight 2400 g ± 800).

Common maternal complications include CHF and pulmo
nary edema (4%), arrhythmia (4%), and hypertension (6%). 
CHF and hypertension were often associated with uncorrected 
LV outflow obstruction.9,23 Arrhythmias were observed after 
surgery in and around atrial or ventricular septa. Maternal death 
was uncommon, 0 per 482 pregnancies in one series9 and 1 per 
144 pregnancies in a second.23 Maternal deaths are most com
monly reported in association with Eisenmenger syndrome, 
which is discussed more fully later.

Men and women with CHD are at increased risk for having 
children with CHD. In a prospective study with aggressive pedi
atric evaluation, Whittemore and associates9 estimated the inci
dence to be as high as 14.2%. In a retrospective study, Rose and 
coworkers41 found the risk to be 8.8%. The rate of CHD associ
ated with an affected mother is 2 to 3.5 times that observed with 
an affected father. Specific parental defects are not generally 
associated with the same defect in the child; the risk for 
cardiac maldevelopment is inherited rather than the risk for 
a specific defect. The risk for CHD and the character of the 
risk should be discussed with an affected mother. In W hitte- 
more’s9 report, 58 of 60 affected infants were diagnosed with 
relatively benign correctable lesions (ASD, VSD, pulmonary 
stenosis, aortic stenosis, PDA, or mitral valve prolapse). Only 
two infants from 372 pregnancies (0.5%) were diagnosed with 
complex CHD. Gill and colleagues10 examined the recurrence 
pattern of CHD in 6640 pregnancies for whom fetal echocar
diography was obtained because of a family history of CHD. 
The recurrence rate was 2.9% (95% CI, 2% to 4%) for mothers 
with CHD, a rate lower than that reported by others. However, 
the study is lim ited to diagnoses established by fetal echocar
diography and therefore may underrepresent the true incidence 
of abnormalities. The type and severity of the cardiac defect seen 
in the mother did not predict the type or severity of the cardiac 
defect in the offspring, with a few exceptions. Atrioventricular 
canal defects, especially those associated with situs abnormali
ties, had a highly concordant recurrence rate.10 CHD-associated 
2 2 q ll .2  deletion (DiGeorge syndrome, velocardiofacial syn
drome) will be inherited as an autosomal-dominant condition. 
Many parents with CHD will not have been previously screened 
for genetic syndromes; therefore referral for genetic counseling 
and possible screening should be considered, particularly in the 
context of conotruncal abnormalities and other associated 
anomalies. All women who have CHD should undergo fetal 
echocardiographic examination at approximately 18 to 2 2  

weeks’ gestation.
Contraceptive counseling should be offered to all women with 

CHD. Given the problems experienced growing up with 
heart disease, contraceptive education should probably be 
initiated as part o f general health care education before the

overt need for birth control. In the context of CHD, complica
tions associated with pregnancy are usually greater than those 
associated with any form of birth control. Cyanosis, pulmonary 
hypertension, low CO, dilated cardiac chambers, passive-flow 
venous conduits (e.g., Fontan), and atrial fibrillation place 
patients at risk for thrombosis. This small group of women 
should probably avoid combined estrogen-progestin oral contra
ceptives. Progestin-only pills are not associated with risk for 
thrombosis but require regular dosing to achieve optimal effi
cacy. Parenteral progestins are safe for women with cardiac 
disease and are extremely effective. They do cause irregular 
bleeding, which may be significant if  the patient is anticoagu
lated. The intrauterine device (IUD) may also be a suitable 
choice for women with congenital heart lesions.

Isolated S ep tal D efects
VSDs and ASDs represent greater than 40%  o f CHD identi
fied in childhood. In adulthood, 50% of large VSDs (>1.5 cm) 
lead to the development of Eisenmenger syndrome, and 10% of 
patients with uncorrected ASDs develop pulmonary hyperten
sion. The management of Eisenmenger syndrome in pregnancy 
is discussed later.

A harsh SI-coincident systolic murmur that radiates to the 
left sternal border but not to the carotids suggests the presence 
of a VSD. The diagnosis can be confirmed by 2-D echocardiog
raphy with color-flow Doppler that demonstrates shunting 
across the ventricular septum. The peak velocity of the jet across 
the septum can be used to assess the pressure gradient between 
the ventricles. A high velocity between ventricles indicates a large 
pressure gradient between the right and left ventricles and the 
absence of pulmonary hypertension. In the absence of associated 
cardiac lesions and pulmonary hypertension, the presence of a 
VSD does not usually complicate pregnancy. Small defects create 
loud murmurs but are not usually hemodynamically significant, 
although the high-velocity jet of a small lesion does create a risk 
for endocarditis.

ASDs are more difficult to diagnose by auscultation. The 
characteristic finding, a split S2 that is fixed with respiration, is 
subtle and usually not appreciated without specific attention. 
Increased right-sided blood flow secondary to shunting across 
the defect may create a pulmonary flow murmur that will be 
augmented in pregnancy. In the absence of other anomalies, the 
significance of the ASD is related to its size. Hemodynamically 
significant defects result in left-to-right shunting from the sys
temic circulation to the pulmonary circulation that causes right 
atrial and ventricular enlargement. Atrial arrhythmias are com
monly associated with atrial enlargement. Increased pulmonary 
blood flow may result in dyspnea on exertion and restriction of 
activity. As with VSDs, Eisenmenger syndrome may develop, 
but this usually occurs at an older age.

Piesiewicz and colleagues42 reported 54 pregnancies in women 
with secundum ASDs. Impaired functional status (NHYA 
class III or IV) increased from 5.5% in the second trimester 
to 11 .1%  in the third trimester. Although left-to-right shunt
ing was present in all patients in the second trimester, three 
patients (5.5%) developed bidirectional shunting in the third 
trimester. One additional patient reversed her shunt. RV diam
eter and systolic pulmonary artery pressure increased from the 
second to third trimester (34.1 ± 8.4 mm Hg to 39.1 ± 12.2 mm 
Hg). Over the same time frame, the pulmonary flow (Qj,)/ 
systemic flow (Q ) ratio decreased. Increased flow associated 
with pregnancy appears to adversely affect RV function and
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816 Section VI Pregnancy and Coexisting Disease

pulmonary pressures. The fall in Qp/Qs suggests that the rise in 
pulmonary pressure is due to increased PVR. The authors also 
reported supraventricular arrhythmias in 50% of women in the 
third trimester.

The patient with a significant VSD or ASD shunt can be 
expected to normally expand her CO during pregnancy. 
However, the price o f a normal systemic CO is a high pul
monary flow. The pregnant patient may begin to experience 
symptoms at rest that she previously noted with exercise. She 
may also experience an increase in tachyarrhythmias. Heart rate 
control with a P-blocker may provide symptomatic relief, and 
early diuresis may benefit the patient postpartum. Elevated pul
monary blood flow associated with pregnancy could accelerate 
the progression of pulmonary vascular disease. In the absence of 
associated anomalies, arrhythmias, and pulmonary hyperten
sion, the presence of an ASD does not usually complicate 
pregnancy.

Patent D u ctu s A rterio su s
The diagnosis of a PDA is suggested by the characteristic con
tinuous murmur at the upper left sternal border. Most cases are 
identified in childhood and are treated with surgical or trans
catheter procedures. O f patients with an uncorrected patent 
ductus, as many as 50% develop Eisenmenger syndrome, usually 
in childhood. In adults with a small patent ductus, the major 
risk is endocarditis. In the absence o f Eisenmenger syndrome, 
pregnancy is not usually complicated. As with the ASD, the 
increase in pulmonary blood flow associated with the increase 
in CO in pregnancy may result in increased dyspnea with exer
tion and at rest. Early diuresis may benefit the patient 
postpartum.

Tetralo g y of Fallot
Tetralogy of Fallot is a syndrome of abnormalities that results 
from malalignment of the conoventricular septum. It is charac
terized by (1) RV outflow tract (RVOT) obstruction, (2) VSD, 
(3) overriding aorta, and (4) RV hypertrophy. Tetralogy o f 
Fallot is the most common cyanotic CHD, and it was among 
the first to be successfully surgically palliated by Blalock, Thomas, 
and Taussig in 1945 and subsequently physiologically repaired. 
Therefore a significant number of adults with CHD have 
repaired tetralogy of Fallot. The severity of the clinical presenta
tion in infancy is dependent on the degree of RVOT obstruc
tion. More severe obstruction leads to more significant cyanosis 
from right-to-left shunting. Surgical repair generally includes 
closure of a VSD and relief of RVOT obstruction. Some patients 
with repaired tetralogy of Fallot have near-normal cardiac physi
ology, but many have residual lesions that may complicate 
pregnancy.

Some patients had palliative classic Blalock-Thomas-Taussig 
shunts in infancy using the subclavian artery to connect the 
systemic circulation with the pulmonary circulation, thus 
increasing pulmonary blood flow and reducing cyanosis. As a 
consequence, blood pressures in the arm supplied by the tran
sected artery may not be reflective of aortic pressure. Patients 
should be asked if one arm is unreliable for blood pressure 
measurements, or they should be examined to look for evidence 
of a thoracotomy scar that indicates an affected ipsilateral arm, 
which should not be used for blood pressure measurements.

Efforts to relieve the RVOT obstruction may be incomplete 
and may result in persistent pulmonary stenosis. More often, 
significant pulmonary insufficiency is a consequence of the

transannular patch approach used to enlarge the outflow tract 
and valve annulus. Several studies have demonstrated that 
women with severe pulmonary insufficiency and RV dysfunction 
are more likely to have complications with pregnancy. Balci and 
colleagues43 reported a series of 74 women with tetralogy of 
Fallot who had 157 pregnancies. Eight percent experienced 
cardiac complications that included supraventricular tachycardia 
(n = 8), heart failure (n = 2), and thromboembolism (n = 1). 
The use of cardiac medications prior to pregnancy was identified 
as an important predictor of cardiovascular events.

Tetralogy o f Fallot is often well tolerated during preg
nancy. Preconceptional evaluation should include assess
ment o f right and left ventricular size and function along 
with the severity o f the pulmonary insufficiency or stenosis, 
with consideration given to repair o f severe pulmonary insuf
ficiency before pregnancy if appropriate.

Tran sp o sitio n  of the G re at A rteries
Transposition of the great arteries (TGA) is present in only 5% 
of pregnant women with CHD but is overrepresented in the 
publication of case reports and case series. In complete TGA, 
systemic venous blood returns to the right atrium and passes 
through the tricuspid valve, into the RV, and directly into the 
transposed aorta. Although this is an adequate circulation 
for fetal life, infants decompensate at birth owing to ineffec
tive systemic circulation. Some will have an ASD sufficiently 
large to achieve adequate systemic blood flow and oxygenation; 
others will require an immediate palliative procedure to open 
the atrial septum (balloon atrial septostomy).

TGA was first definitively corrected in 1957 with the Senning 
procedure, then it was standardized in 1964 with the Mustard 
operation. In both procedures, a baffle is constructed through 
the left and right atria so that systemic venous return is chan
neled through the mitral valve into the left ventricle, and pul
monary venous return is directed through the tricuspid valve 
into the right ventricle (atrial switch operation). W ith a modest 
surgical intervention, the right and left pumps are placed in 
series with physiologic flow of systemic venous return through 
the pulmonary circulation. The right ventricle (RV), as the 
systemic ventricle, must work against systemic resistance, 
and the tricuspid valve is exposed to systemic pressures. 
Long-term complications are associated with failure of the 
systemic RV and arrhythmia. O f patients who survive the first 
30 days after repair, 90% will be alive in 10 years and 87% will 
be alive in 20 years. After 13 years, only 5% suffer significant 
disability (NYHA classes II through IV).44 A more physiologic 
repair can be achieved when transposition is accompanied by a 
VSD. The ventricular septum is reconstructed so that the aortic 
outflow tract lies within the left ventricle, and a conduit is con
structed to connect the RV to the pulmonary artery (Rastelli 
repair). The pulmonary conduit is prone to stenosis with dete
rioration of the transplanted valve. More recently, a direct surgi
cal switch between the pulmonary artery and the aorta has been 
performed (arterial switch operation). Given the time when 
these operations were introduced, fewer young women entering 
pregnancy will have an atrial repair; however, increasing numbers 
will have an arterial repair.

The hemodynamic changes of pregnancy w ill have a mixed 
impact on a patient with an atrial repair. Increased CO increases 
the volume load on the right heart, and decreased vascular resis
tance reduces afterload on the right heart. Table 37-3 summarizes 
nine papers that reported a total of 49 pregnancies in 36
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TABLE 37-3 PREGNANCY OUTCOMES
WITH TRANSPOSITION
OF THE GREAT ARTERIES

N (%)

Women ^
Pregnancies 49
Live births 41 (84%)

Miscarriages 5
Terminations 2
Fetal deaths 1

Premature birth (<35 wk) 5 (12%)
Congenital heart disease 0 (0%)
Congestive heart failure 6 (15%)
Arrhythmia_____________________________________ ______ 8 (20%)

Data from references 23, 45-52.

women.23'44'51 No maternal mortality was reported, and neonatal 
outcomes were generally good. Two women entered pregnancy 
with disability due to their heart disease (NYHA classes III and 
IV), and one delivered at 26 weeks as a result of preterm labor; 
the other developed severe CHF near term and died 19 months 
postpartum. CHF was frequently associated with uncontrolled 
tachyarrhythmias.

Zentner and colleagues52 compared long-term outcomes after 
atrial repair in 19 women who completed 42 pregnancies with 
15 women who never became pregnant. The group without 
pregnancies had greater numbers of women with complex TGA, 
defined as the presence of a VSD with or without pulmonary 
stenosis: 74% of pregnancies resulted in full-term infants 
(median gestational age, 39 [37.2 to 40] weeks; median birth
weight, 3.0 [2.4 to 3.5] kg), and 26% of the infants were 
born premature (median gestational age 35 [31 to 40] weeks; 
median birthweight, 2.3 [1.3 to 2.4] kg). W ithin 12 months of 
pregnancy, three women had hospital admissions for heart 
failure, two had clinically significant arrhythmias, and one expe
rienced sudden cardiac death. After a median follow-up of 5 
(2 to 15) years, more women in the pregnancy group experi
enced a decline in their RV systolic function that necessitated 
medications (13 vs. 3), and two women required implant
able cardioverter-defibrillator (ICD) placement. Canobbio and 
coworkers53 reported a series derived from a registry. Of signifi
cance, this report is based on diverse practices rather than from 
centers with considerable experience managing CHD. Forty 
women carried 54 pregnancies that resulted in live births: 36 
had Mustard repairs, and four had Senning repairs. In six preg
nancies, heart failure developed in the second or third trimesters. 
In five, heart failure developed postpartum. One woman required 
transplantation postpartum, one died of heart failure 1 month 
after delivery, and another died 4 years later. This report clearly 
documents the potential for adverse outcome.

Tobler and associates54 reported on 17 pregnancies in nine 
women with arterial repairs. One developed nonsustained ven
tricular tachycardia, and one developed a valve thrombosis.

Congenitally corrected TGA (ventricular inversion) is charac
terized by the passage of systemic venous blood into the right 
atrium, directly into the morphologic LV, and out through the 
transposed pulmonary artery. Pulmonary venous return passes 
directly from the left atrium into the morphologic RV and 
out through the aorta. The RV again serves as the systemic 
ventricle. Congenitally corrected TGA may be an isolated 
anomaly but may also be associated with other anomalies that 
result in cyanosis. See Table 37-4 for a summary of three series

TABLE 37-4 PREGNANCY OUTCOMES WITH 
CONGENITALLY CORRECTED 
TRANSPOSITION OF THE 
GREAT ARTERIES

N (%)

Women 54
Cyanotic 4 (10%)

Pregnancies 125
Cyanotic 13 (12%)

Live births 96 (77%)
Miscarriages* 23
Terminations 6
Fetal deaths 1

Premature birth (<35 wk*) 9 (9%)
Congenital heart disease 1 ( 1%)
Congestive heart failure 6 (6%)
Arrhythmia 2 (2%)
Cerebrovascular accident 1 ( 1%)

Data from Therrien J, Barnes I, Somerville J. Outcome of pregnancy in patients with 
congenitally corrected transposition of the great arteries. Am J  Cardiol. 1999;84:820; 
Connolly H, Grogan M, Warnes C. Pregnancy among women with congenitally 
corrected transposition of great arteries. ]  Am Coll Cardiol. 1999;33:1692; Kowalik E, 
Klisiewicz A, Biernacka E, et al. Pregnancy and long-term cardiovascular outcomes in 
women with congenitally corrected transposition of the great arteries. In t J  G ynaecol
Obstet. 2014;125:154-157.
•Miscarriages and premature births were concentrated among cyanotic mothers.

of pregnancies with congenitally corrected TGA."v5 Again, 
maternal and neonatal outcomes are good and are consistent 
with outcomes associated with other acyanotic forms of CHD. 
Miscarriage and premature birth are concentrated among those 
with cyanotic lesions.

Young women with surgically or congenitally corrected 
TGA can successfully complete pregnancy. Nevertheless, 
they require aggressive management by an experienced team. 
Women who are functionally impaired or who are cyanotic 
before pregnancy can expect more adverse outcomes and may 
deteriorate postpartum. Evaluation before pregnancy should 
include assessment of functional status, evaluation of right 
systemic heart function, and confirmation of normal oxygen
ation. W hen the right side of the heart is the systemic heart, 
pharmacologic afterload reduction should be maintained until 
pregnancy is confirmed. ACE inhibitors should be discontin
ued early in the first trimester. Postpartum, the systemic RV 
should be considered “at risk” to fail and should be managed 
with rate control ((3-blocker), afterload reduction (ACE inhibi
tor), and appropriate management of preload (diuresis; see 
Tables 37-3 and 37-4).

The reported experience with TGA is to date the most exten
sive for any complex defect. The conclusions drawn from this 
experience are probably applicable to other, less common condi
tions with a systemic RV. Functional status and cyanosis are 
the most reliable predictors o f complicated pregnancies. 
Arrhythmia is common and is frequently the cause of cardiac 
decompensation.

Fontan Procedure
The Fontan procedure was initially performed to achieve a physi
ologic palliation of tricuspid atresia by connecting the right 
atrium directly to the pulmonary artery. The Fontan procedure 
and subsequent modifications are currently used to correct a 
variety o f complex congenital heart conditions characterized 
by a single functional ventricle. The operation achieves a non- 
cyanotic state, with passive flow of systemic venous return
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818 Section VI Pregnancy and Coexisting Disease

TABLE 37-5 PREGNANCY OUTCOMES AFTER 
FONTAN PALLIATION

N (%)

Women 27
Pregnancies 43
Live births 19 (44%)

Miscarriages 19
Terminations 6
Fetal deaths 0

Premature birth (<35 wk) 3 (15%)
Congenital heart disease 1 (5%)
Congestive heart failure 3 (15%)
Arrhythmia 3 (16%)

Data from Canobbio M , M air D, Van der Velde M , et al. Pregnancy outcomes after 
the Fontan repair./A m  Coll Cardiol. 1996;28:763; and Drenthen W, Pieper PG, 
Roos-Hesselink JW, et al, on behalf of the ZAHARA investigators. Pregnancy and 
delivery in women after Fontan palliation. Heart. 2006;92:1290.

through the lungs and a functionally systemic ventricle. Without 
a pulmonary pump, the cardiac price for this result is intolerance 
of increased intrathoracic pressure and elevated central venous 
pressure (CVP).

Experience with pregnancy in women after Fontan palliation 
is limited. In a survey of 76 women of reproductive age, Canob
bio and associates58 reported that 66% were counseled not to 
become pregnant despite a stable surgical outcome and a strong 
desire to have children. The remaining 34% were not counseled 
regarding pregnancy. Despite counseling against pregnancy, con
traceptive use was inconsistent. Although the miscarriage rate 
was higher than in the general population, the preterm birth rate 
was low. Maternal complications were limited to arrhythmia, 
usually atrial, and CHF in the postpartum period. Although not 
reported in these small series, sluggish flow through the pulmo
nary circulation may increase the risk for thrombosis. The inci
dence of pulmonary emboli in nonpregnant patients with 
Fontan circulation may be as high as 17%. Another series 
reported 10 pregnancies in 6 women.59 Of the 10 pregnancies,
5 ended in miscarriage before 12 weeks, and 1 was ectopic. O f 
the 4 completed pregnancies, 1 woman had a decline of NYHA 
class with both of her pregnancies, and the second pregnancy 
was complicated by atrial flutter. The other two women did not 
have maternal complications. These series remain small, and 
thus the ability to extrapolate to the individual with Fontan 
physiology is difficult, but the uniqueness o f the Fontan physi
ology warrants care in institutions with expertise in adult 
CHD. Table 37-5 summarizes the outcomes with Fontan pallia
tion of 43 pregnancies from 27 women reported by these 
groups.58'59

Eisen m en g er S yn d ro m e
Eisenmenger syndrome describes pulmonary-systemic shunting 
associated with cyanosis and increased pulmonary pressures sec
ondary to pulmonary vascular disease. Eisenmenger syndrome 
may develop from any intracardiac shunt that results in 
blood from the high-pressure systemic circulation being 
directed into the pulmonary circulation. Systemic pressure 
and excessive flow lead to microvascular injury, obliteration of 
pulmonary arterioles and capillaries, and in the end, elevated 
PVR. The time to onset of shunt reversal is variable, but most 
patients who have a large VSD or large PDA develop shunt 
reversal in infancy. Shunt reversal in those with an ASD is 
delayed until early adulthood. Survival at 10 years from diagno
sis is 80%; at 25 years, it is 42% .S0

Patients with Eisenmenger syndrome are at risk for CHF, 
hemoptysis due to pulmonary hemorrhage, sudden death due 
to arrhythmia, cerebrovascular accident (CVA), and hypervis
cosity syndrome. The diagnosis should be considered in any 
cyanotic patient and is confirmed by echocardiography with 
the demonstration of increased pulmonary pressure and an 
intracardiac shunt. If the shunt is due to an ASD or a PDA, 
cardiac MRI may be necessary to establish the diagnosis. Treat
ment is nonspecific and includes supportive care and avoidance 
of destabilizing events such as surgery and unnecessary medica
tions. Symptomatic hyperviscosity syndrome due to an elevated 
hematocrit can be treated with hydration and, if  necessary, 
phlebotomy. Iron deficiency, preexisting or secondary to phle
botomy, can exacerbate hyperviscosity; microcytic cells are 
less deformable and are therefore more prone to occlude 
the microcirculation. Definitive therapy can be achieved only 
with heart-lung or lung transplantation. However, the 4-year 
survival with lung transplantation is less than 50%, a less favor
able prognosis than that for many patients with Eisenmenger 
syndrome.

VSD, ASD, and PDA are responsible for 89% of reported 
cases of Eisenmenger syndrome in pregnancy.61 Each lesion is 
initially associated with shunting from the systemic circulation 
to the pulmonary circulation. As PVR and pulmonary pressures 
increase over time and approach systemic pressures, the charac
teristic murmurs of a VSD or PDA may diminish. Reversal of 
flow from the pulmonary to the systemic circulation and the 
development o f hypoxemia with increasing hematocrit herald 
the development o f Eisenmenger syndrome. The fall in SVR 
associated with pregnancy may initiate right-to-left shunting 
in a patient not previously cyanotic.

In 1979, Gleicher and colleagues62 reviewed published cases 
of Eisenmenger syndrome in pregnancy. Seventy pregnancies 
from 44 women were evaluated; 52% of the women died during 
pregnancy, and 30% of the pregnancies resulted in maternal 
death. The risks for death associated with first, second, and third 
pregnancies were 36%, 27%, and 33%, respectively. A first suc
cessful pregnancy did not confirm the safety of subsequent preg
nancies. Most deaths (70%) occurred at the time of delivery or 
within 1 week postpartum. Excessive blood loss was associated 
with 35% of deaths, whereas thromboembolic conditions were 
responsible for 44%. Maternal mortality associated with cesar
ean delivery (80%) exceeded that associated with vaginal deliv
ery (34%). Maternal death was not reported with first-trimester 
termination of pregnancy. Only 26% of pregnancies resulted in 
a term birth. Fifty-five percent of newborns were delivered 
preterm, and 32% were small for gestational age.

A more modern review63 o f cases in the United Kingdom 
between 1991 and 1995 confirms the poor prognosis for 
pregnant women with Eisenmenger syndrome despite 
considerable advancement in the management o f cardiac 
disease in pregnancy. M ortality remains extremely high: 40% 
of the women died, and most deaths (96%) occurred within 
the first 35 days postpartum. Late diagnosis (relative risk [RR], 
5.4) and delayed hospitalization significantly increased maternal 
mortality.

Although the risks associated with Eisenmenger syndrome in 
pregnancy are clear, appropriate management is controversial. 
Decreased activity, hospitalization, and oxygen supplementa
tion are usually used. Reduction of pulmonary pressures and 
improved systemic oxygen saturation after oxygen supplementa
tion indicate that PVR is not fixed and suggest a better
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prognosis. Intercurrent antepartum events such as pneumonia 
or a urinary tract infection are poorly tolerated. Preventing 
microcytosis with iron supplementation may decrease the risk 
for microvascular slugging.

Cesarean delivery is reserved for obstetric indications and 
is avoided whenever possible. Hemodynamic stability must be 
maintained during labor and postpartum. W hen PVR is not 
fixed, oxygen supplementation may decrease pulmonary pres
sures. Systemic hypotension from hemorrhage or sympathec
tomy from epidural analgesia results in increased right-to-left 
shunting, increased hypoxemia, increased PVR, and worsening 
of the shunt. Volume overload or excessive systemic resistance, 
particularly postpartum, may further tax the failing right side of 
the heart. A pulmonary artery catheter and a peripheral arterial 
catheter are usually used to guide hemodynamic management. 
Narcotic-based regional analgesia provides adequate pain relief 
without excessive hemodynamic instability. Anticoagulation 
remains controversial. If patients are anticoagulated, caution 
should be exercised to avoid excessive treatment and associated 
hemorrhage.

Although use of a selective pulmonary vasodilator, inhaled 
nitric oxide (NO), has been reported to reduce pulmonary pres
sures, increase CO, and improve systemic oxygenation, maternal 
death was not averted. Use of sildenafil and L-arginine has been 
reported with apparent hemodynamic benefit and the survival 
of a single patient. Other case reports used pulmonary vasodila
tors with improved pregnancy outcomes, but nonetheless, 
maternal risk remains high. Unlike many cardiac conditions 
in pregnancy, meticulous care frequendy fails to prevent 
maternal death.

Co arctation  of th e Aorta
Coarctation o f the aorta results from a constriction o f the 
aorta at or about the level o f the ductus arteriosus or left 
subclavian artery. Patients have a characteristic discrepancy in 
blood pressure between their right arm and lower extremities. 
Complications include dissection at the site of coarctation, 
rupture of associated cranial berry aneurysms, heart failure, and 
ischemic heart disease associated with cephalic hypertension.

Modern reports of uncorrected coarctation in pregnancy are 
limited. Historically, pregnancy was associated with a maternal 
mortality rate of 9% owing to aortic rupture, CHF, CVAs, and 
endocarditis. (3-Blockade may serve to protect against dissection 
and may promote diastolic flow through the aortic narrowing.

Pediatric screening identifies most significant coarctations, 
which leads to repair. After repair, systemic hypertension may 
persist and may require treatment. In two reports of 216 preg
nancies in 104 women, 41 were complicated by hypertension 
and one suffered a lethal dissection at 36 weeks.64,65

S U M M A R Y
An increasing cohort of young women with corrected CHD 
will be presenting to their obstetricians pregnant and desiring to 
bear children. Some basic conclusions can be drawn from our 
experience with CHD to date. First, Eisenmenger syndrome 
and pregnancy remain a lethal combination. New, effective 
strategies for therapy are not anticipated. Second, cyanotic 
heart disease in the absence o f pulmonary hypertension is 
associated with increased rates o f miscarriage and preterm 
birth. Third, mothers with cardiac disability (NYHA classes 
III and IV) or with evidence o f right heart dilation have

a more complicated course in pregnancy. Fourth, arrhyth
mias may become worse in pregnancy and may precipitate 
cardiac decompensation. Aggressive pharmacologic treatment 
is appropriate. Finally, many young women who are initially 
without cardiac disability and are acyanotic can have successful 
pregnancies.

C A R D IO M Y O P A T H Y
Dilated cardiomyopathy is characterized by the development 
of pulmonary edema in the context o f LV dysfunction and 
dilation. Patients usually present with signs and symptoms of 
pulmonary edema: dyspnea, cough, orthopnea, tachycardia, and 
occasionally, hemoptysis. Although characteristic of heart failure, 
these symptoms of pulmonary edema may also be due to previ
ously undiagnosed congenital or rheumatic heart disease, pre
eclampsia, embolic disease, intrinsic pulmonary disease, or sepsis 
or from tocolysis. The diagnosis of cardiomyopathy is made in 
the clinical circumstances of characteristic signs and symptoms 
and findings of LV dysfunction and dilation on echocardio- 
graphic examination. The finding of an elevated B-type natri
uretic peptide (BNP) can be used to help discriminate patients 
who need more definitive testing such as an echocardiogram. An 
elevated level may also be found with women with diastolic 
dysfunction or other conditions in which cardiac volume loading 
and stretch are increased. Ventricular dysfunction may be due 
to conditions extrinsic to the heart, such as thyrotoxicosis or 
hypertension, or to intrinsic myocardial dysfunction. Accurate 
diagnosis directs appropriate therapy and permits assessment of 
long-term prognosis.

Peripartum cardiomyopathy is a rare syndrome o f heart 
failure that presents in late pregnancy or postpartum. The 
diagnosis is made after excluding other causes of pulmonary 
edema and heart failure. Failure to adhere to a rigorous defini
tion of disease in the literature confounds conclusions regarding 
etiology and prognosis. A definition based on criteria for idio
pathic dilated cardiomyopathy has been suggested (Box 37-3).66 
The incidence is estimated to be between 1 in 1300 and 1 in
15,000.67 Although some of the variability in reported incidence 
is due to regional and ethnic differences, much is due to the 
imprecise definition of the disease. The cause of peripartum 
cardiomyopathy is unknown. Nutritional and immunologic 
mechanisms have been proposed. The prevalence of antibodies 
to echovirus and Coxsackie virus is not higher among women 
with cardiomyopathy compared with controls.

The mortality rate for peripartum cardiomyopathy 
(PPCM) is reported to be 25%  to 50%. Death is usually due 
to progressive CHF, arrhythmia, or thromboembolism. W ithin
6 months, half of patients demonstrate resolution of LV dilation;

BOX 37-3 DIAGNOSTIC CRITERIA FOR 
PERIPARTUM CARDIOMYOPATHY

1. Heart failure w ith in the last month of pregnancy or 
w ithin 5 months postpartum

2. Absence of prior heart disease
3. No determinable cause
4. Echocardiographic indication of left ventricle 

dysfunction
• Ejection fraction of <45% or fractional shortening 

of <30%
• Left ventricle end-diastolic dimension of >2.7 cm/m2
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820 Section VI Pregnancy and Coexisting Disease

their prognosis is very good. O f those who do not show resolu
tion, an 85% mortality rate can be expected within the next
4 to 5 years.68 The magnitude of risk for subsequent pregnancies 
after PPCM is unclear. A recent survey of 67 pregnancies in 63 
women suggests a mortality rate of 8% when LV dysfunction 
has not resolved and 2% in patients with normal function.69

Women with established dilated cardiomyopathy who enter 
pregnancy with known disease are reported to have less severe 
outcomes. As might be expected, moderate to severe LV dys
function and NYHA class III and IV symptoms are associated 
with worse outcomes. In a series of 36 pregnancies in 32 women, 
no deaths were reported. Three women developed pulmonary 
edema, and arrhythmia complicated six pregnancies. Pregnant 
women were much less likely to be treated with diuretics and 
P-blockers than were nonpregnant women. 0

Women with a diagnosis o f PPCM in a previous pregnancy 
are at risk for heart failure in a subsequent pregnancy. If LV 
ejection fraction (LVEF) has not normalized, the mortality rate 
may be as high as 19%.71 In those in whom LVEF has normal
ized, a worsening of function and an increased incidence of 
symptoms of heart failure can be expected. Aggressive, appropri
ate pharmacologic management is frequently required.

Acute treatment of cardiomyopathy is directed at improving 
cardiac function and treating the inciting event. Diuretics are 
used to decrease preload and relieve pulmonary congestion, and 
digoxin may improve myocardial contractility and facilitate rate 
control when AF is present. Afterload reduction is achieved 
with ACE inhibitors postpartum or hydralazine before delivery. 
(3-Blockade in stable, euvolemic patients has been clearly dem
onstrated to improve cardiac function and survival outside of 
pregnancy and should not be withheld from pregnant women. 
Significantly dilated and hypokinetic cardiac chambers pose 
a risk for clot formation and systemic embolization. Antico
agulation with heparin antepartum or warfarin postpartum 
should be considered. Implanted defibrillators have been used 
in pregnancy without significant complications. Arrhythmia is a 
common cause of death associated with cardiomyopathy outside 
pregnancy. Hemodynamic management during labor and deliv
ery is frequently directed by a pulmonary artery catheter. Pain 
control decreases cardiac work and reduces tachycardia. A care
fully dosed epidural is appropriate. Cesarean delivery is reserved 
for obstetric indications.

The postpartum period represents a time of particular risk. 
Women have received exogenous volume loading from IV 
fluids during labor; blood volume is centralized with uterine 
contractions, extravascular fluid is mobilized, tachycardia 
persists, and SVR increases. Each physiologic change will 
work toward LV decompensation, therefore preemptive HR 
control, diuresis, and afterload reduction should be used.

M Y O C A R D IA L  IN F A R C T IO N
Myocardial infarction is a rare event among women of reproduc
tive age. Recent studies suggest a rate between 2.8 and 6.2 per 
100,000 deliveries.71 2 An increased risk for MI in pregnancy 
is consistently associated with maternal age greater than 40  
years, chronic hypertension, diabetes, smoking, migraine 
headache, transfusion, and postpartum infection.

Owing to the rarity of the event, information regarding MI 
in pregnancy is derived from case reports and is therefore subject 
to considerable reporting bias. Elkayam and associates'3 sum
marized 150 cases between 2006 and 2011 (Table 37-6).

TABLE 37-6 MYOCARDIAL INFARCTION 
IN PREGNANCY

N (%)

Pregnancies 150
Mean age ± SD 34 ± 6 yr
Age range 17 to 52 yr
Anterior infarction 69%
Multiparous 47%
Hypertension 15%
Diabetes mellitus 9%
Smoking 25%
Family history of MI 9%
Hyperlipidemia 20%
Preeclampsia 7%
CHF after MI 38%
Coronary anatomy

Stenosis 27%
Thrombus 17%
Dissection 43%
Spasm 2%
Normal 9%

Death
Maternal 7%
Infant 5%

Data from Elkayam U, Jalnapurkar S, Barakkat MN, et al. Pregnancy-associated acute 
myocardial infarction: a review o contemporary experience in 150 cases between 2006 
and 2011. Circulation. 2014;129:1695-1702.
CHF, congestive heart failure; MI, myocardial infarction; SD, standard deviation.

Coronary dissection and normal coronary arteries are 
observed in almost 50%  o f cases. Delivery w ithin 2 weeks of 
infarction may be associated with a maternal mortality rate as 
high as 50%. MI has been reported in association with cigarette 
smoking, hyperlipidemia, hypertension, diabetes mellitus, and 
family history of coronary artery disease as well as pheochromo- 
cytoma, Ehlers-Danlos type IV, antiphospholipid syndrome, 
multiple gestation, and sickle cell anemia. Medications such as 
ergot alkaloids given for bleeding, bromocriptine for lactation 
suppression, ritodrine and nifedipine for tocolysis, and prosta
glandin E2 in conjunction with severe hypertension have also 
been associated with MI (see Table 37-6).

The diagnosis of MI in pregnancy is often delayed because of 
the rarity of the event and common symptoms of pregnancy. 
During normal pregnancy, most women experience some 
increase in exercise intolerance and dyspnea. Chest pain due to 
reflux is common. However, ST-segment elevation is not a 
normal finding, and in the context o f ongoing chest pain, it 
should markedly increase the suspicion o f acute MI. The MB 
fraction of creatinine kinase isoenzymes may be elevated at cesar
ean delivery as well. Troponin I levels are not elevated during 
labor and delivery. If confusion regarding the appropriate diag
nosis exists in the context of a constellation of findings sugges
tive of MI, an echocardiogram can be used to confirm abnormal 
wall motion in the ischemic region.

Acute therapy is based on rapid coronary reperfusion. 
Coronary angioplasty and stenting have been reported in preg
nancy and should not be withheld when appropriate for the 
mother’s condition. Thrombolytic therapy has also been used in 
pregnancy.73 Although effective, there may be a small but real 
incidence of associated maternal bleeding, preterm delivery, or 
fetal loss. Furthermore, thrombolytic drugs are contraindicated 
in patients with coronary dissection, 1 and given the high inci
dence of coronary dissection in pregnant patients with acute MI, 
the use of thrombolytic drugs likely should be avoided. Surgery
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after thrombolytic therapy is associated with significant risk for 
hemorrhage.

Medications commonly used in the management of MI— 
such as morphine, organic nitrates, lidocaine, (3-blockers, aspirin, 
magnesium sulfate, and calcium antagonists— may be used in 
appropriate doses in pregnancy. Clopidogrel should be strictly 
reserved for use after stenting procedures, whereas other glyco
protein Ilb/IIIa inhibitors (bivalirudin, prasugrel, and ticagrelor) 
should be avoided. Use of clopidogrel at the time of cesarean 
delivery or other surgical procedures can lead to significant 
bleeding complications. Care should be taken to avoid the 
supine position and maternal hypotension during procedures, 
and a viable fetus should be monitored.

Elective delivery within 2 weeks o f infarction should be 
avoided because it is associated with an increased risk for 
maternal death. Cesarean delivery is reserved for obstetric 
indications. Labor and delivery are managed with standard 
cardiac care, and pain is controlled, usually with carefully 
administered regional analgesia; tachycardia is prevented with 
pain control and is treated with (3-blockers as needed. Hemody
namic stability is maintained, frequently using information from 
pulmonary and peripheral arterial catheters. Maternal pushing 
is avoided, and the second stage of labor is shortened with low 
forceps or vacuum. Diuresis is gently initiated postpartum with 
diuretics.

The experience with pregnancy after a remote MI is 
limited. O f 33 reported cases, recurrent infarction and sig
nificant complications have not been reported. s

M A R F A N  S Y N D R O M E
Marfan syndrome is an autosomal-dominant genetic disor
der caused by an abnormal gene for fibrillin on chromosome
15. Disease prevalence is estimated to be four to six per 10,000. 
Sporadic cases represent 15% of those diagnosed. The produc
tion of abnormal connective tissue results in the characteristic 
feature of the disease: aortic root dilation, dislocation of the 
optic lens, deformity of the anterior thorax, scoliosis, long limbs, 
joint laxity, and arachnodactyly. Diagnosis is usually based on 
family history and physical examination that includes ocular, 
cardiovascular, and skeletal features.

W hen Marfan syndrome is untreated, life expectancy is 
reduced by one third, and most deaths are due to aortic dissec
tion and rupture. Elective aortic repair is associated with a low 
mortality rate (1.5%), whereas emergent repair results in a much 
higher mortality rate (11.7% ). Therefore elective repair has been 
recommended when the aortic root diameter measures 5.0 cm.76 
Using an absolute aortic diameter (AD) as an indication for 
surgery ignores relevant differences in aortic size associated with 
patients of different stature. These considerations are particularly 
important when caring for young women. An aortic ratio 
between measured and predicted AD can be calculated. A ratio 
of less than 1.3 with a dilation rate of less than 5% per year 
suggests a low risk for a cardiovascular event. The predicted 
diameter for young adults can be calculated as follows:

ADpr'jjcud = 1 -02 + (0.98 X body surface area)

The risk for aortic dissection is associated with the rate of 
change of blood pressure in the aorta over time in systole. 
Although simple reduction in blood pressure does not reduce 
the risk for dissection, [3-blockade lowers the risk for reaching a 
critical cardiac end point at 10 years, from about 20% to 10%.

Chapter 37 Heart Disease in Pregnancy

TABLE 37-7 MARFAN SYNDROME IN PREGNANCY

N (%)

Women 113
Pregnancies 291

Live births 234 (80%)
Miscarriages 15 (5%)
Terminations 10 (3%)
Fetal deaths 1 (0.3%)

Aortic events 6 (2%)
Dissection 3 (1%)
Rapid dilation 2 (0.7%)

Valve dysfunction 1 (0.3%)
Death_________________________________________________ 2________

Data from Meijboom LJ, Vos FE, Timmermans J, Boers GH, Zwinderman AH, Mulder 
BJ. Pregnancy and aortic root growth in the Marfan syndrome: a prospective study.
Eur H eart J . 2005;26:914-920; Donnelly RT, Pinto NM, Kocolas I, Yetman AT. The 
immediate and long-term impact of pregnancy on aortic growth rate and mortality in 
women with Marfan syndrome. J  Am Coll Cardiol. 2012;60:224-229; and Rossiter J,
Repke J, Morales A, et al. A prospective longitudinal evaluation of pregnancy in the 
Marfan syndrome. Am J  Obstet Gynecol. 1995;173:1599.

Literature surveys o f case reports suggest a maternal mor
tality rate associated with Marfan syndrome in pregnancy in 
excess o f 50% . These case reports likely represent a bias of 
reporting more severely affected pregnancies. Three prospective 
population-based studies78'80 are summarized in Table 37-7. 
Aortic events— dissection, rapid dilation, or aortic valve 
dysfunction— occurred in 2% of cases (n = 6). Of the three 
patients who experienced aortic dissection, two had prior dis
sections and the remaining had a prepregnancy AD of 4.2 cm. 
Two patients experienced rapid progressive dilation of the aorta, 
defined as greater than 5 mm from baseline. The final patient 
with a 4.9 cm aortic root had progression of aortic insufficiency 
from mild to severe by 38 weeks of gestation.

These studies suggest that women with mild disease, defined 
as an AD less than 4 cm, can attempt pregnancy with only 
modest risk. The risk associated with more advanced disease is 
certainly greater. Given the data available, a precise risk for 
death from aortic dissection or rupture cannot be quantified, 
although patients with a prior aortic dissection or an AD 
greater than 4.5  cm likely are at higher risk. For women with 
ADs greater than 4  cm, prophylactic aortic graft and valve 
replacement is recommended before pregnancy. They will 
then assume the risk associated with an artificial valve and the 
risk associated with the remaining aorta. These risks may be 
significant; however, adequate data do not exist to quantify the 
risks. Fifty percent of the offspring of women with Marfan 
syndrome can be expected to have the disease.

Management o f pregnancies affected by Marfan syndrome 
should begin with an accurate assessment o f the aortic root. 
An absolute diameter, or preferably an aortic ratio, can be used 
to assess specific risk. The aortic root should be protected from 
hemodynamic forces with (3-blockade. A resting HR of about 
70 beats/min can usually be achieved. Although (3-blockade may 
potentially contribute to impaired fetal growth, this risk is out
weighed by the maternal risk without such treatment.

Labor and delivery are managed with standard cardiac care, 
with particular emphasis on the prevention of tachycardia. 
Patients with aortic roots less than 4 cm can be delivered vagi
nally, reserving cesarean delivery for obstetric indications. Some 
authors have recommended cesarean delivery for women with 
larger roots based on concerns about increased pressure in the 
aorta during labor, although data do not exist to make this a 
firm recommendation.
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822 Section VI Pregnancy and Coexisting Disease

P U L M O N A R Y  H Y P E R T E N S IO N
Although pulmonary hypertension is fundamentally a pulmo
nary disease, the major pathologic impact is on the right side of 
the heart. The incidence of primary pulmonary hypertension is
1 to 2 per 1 million, and women are affected more commonly 
than men. Secondary pulmonary hypertension may develop as 
a complication of cardiac disease such as mitral stenosis or sec
ondary to intrinsic pulmonary disease. Drugs such as cocaine 
or appetite suppressants may also be associated with pulmonary 
hypertension. If left untreated, the median survival after diagno
sis is 2.5 years.81 More recently, survival has been reported to be 
68% to 77% at 1 year, 40% to 56% at 3 years, and 22% to 38% 
at 5 years.82 As might be expected, right heart failure and NYHA 
class III and IV symptoms predict adverse outcome. General 
therapy may include limitation of extreme exercise, supplemen
tal oxygen, diuresis, and in some cases, anticoagulation.

Pulmonary vasodilator therapy generally improves symptoms, 
and lifestyle changes may improve survival. About 10% of 
patients will respond to high-dose calcium channel blockers. Of 
those who initially respond to nifedipine, the 5-year survival rate 
is 95%. IV prostacyclin is associated with a higher response rate 
but is also associated with side effects such as headache, jaw pain, 
diarrhea, flushing, and leg pain. A long-term IV line is required, 
and the dose must be increased on a regular basis. The 5-year 
survival rate for those who require treatment with prostacyclin 
is 54%. Subcutaneous, oral, and inhaled prostacyclin are also 
available, although each has limitations because of the route and 
timing of delivery.

Sildenafil, a cyclic guanosine monophosphate phosphodies
terase inhibitor, increases the endogenous production of nitric 
oxide and therefore operates as a potent vasodilator. Treatment 
with sildenafil improves functional status and hemodynamic 
profile, and ease of administration is a significant advantage.

The maternal mortality with severe pulmonary hyperten
sion is reported to be as high as 50% .83 Although a review of 
reported cases suggests an improvement in mortality from 30% 
between 1978 and 1996 to 17% between 1997 and 2007, the 
risk remains high. The improvement may be associated with the 
advent of vasodilator therapy, which highlights the value of a 
team with considerable experience in pharmacologic manage
ment of pulmonary hypertension. Sudden, irreversible deterio
ration in the postpartum period is common, and as many as 
75%  o f deaths will occur postpartum . 84

The symptoms of pulmonary hypertension are nonspecific. 
Increasing fatigue and shortness of breath are associated with 
progressive right-sided heart failure but are also ubiquitous in 
pregnancy. They can easily be attributed to a presumed upper 
respiratory infection. Hoarseness may be a result of impinge
ment on the laryngeal nerve by an enlarged pulmonary artery. 
Patients may exhibit disproportionate lower extremity edema or 
oxygen desaturation out of proportion for a presumed illness. 
The diagnosis can be confirmed with echocardiography, in 
which the velocity of the regurgitant jet across the tricuspid valve 
can estimate pulmonary systolic pressure. A dilated, hypokinetic 
RV with displacement of the intraventricular septum into the 
LV suggests right-sided heart failure.

Pulmonary hypertension with RV dysfunction is poorly 
tolerated in pregnancy. A mortality rate between 17% and 
30% should be expected. Antepartum management often 
requires hospitalization, and oxygen therapy may reduce PVR 
and may improve RV performance. Pharmacologic treatment

with pulmonary vasodilators may also be effective,82'85 and 
anticoagulation with heparin should be considered. Worsen
ing disease will usually be manifest by falling CO rather than 
rising RV pressure. Labor and delivery should be managed with 
standard cardiac care, with particular attention to RV filling as 
assessed by measurement of CVP. Although the RV requires 
adequate filling to generate forward flow against an elevated 
PVR, modest elevations in CVP may precipitate increasing 
RV dysfunction. Given fluid mobilization postpartum and 
the potential need to treat volume loss associated with deliv- 
ery, appropriate filling may be difficult to achieve; in these 
cases, aggressive diuresis may be required. Modest underloading 
or overloading of the RV can result in rapid decompensation 
and death.

Women with pulmonary hypertension and RV dysfunc
tion should be strongly discouraged from becoming preg
nant. Because pulmonary artery pressures fall as the RV fails, 
the condition of the RV may be a more important consideration 
than an absolute systolic pulmonary pressure. Some women may 
consider pregnancy after a favorable response to treatment with 
pulmonary vasodilators. In a small series, two women whose 
pulmonary pressures and RV function had normalized carried 
three pregnancies successfully while being treated with nifedip
ine or prostacyclin. Neither experienced deterioration in their 
condition during the first year postpartum.

O T H E R  C O N D IT IO N S
Young women may experience malignant ventricular arrhyth
mias due to idiopathic ventricular fibrillation, cardiomyopathy, 
long-QT syndrome, CHD, or hypertrophic cardiomyopathy. 
An ICD can effectively protect these patients from sudden 
death. In a report of 44 pregnancies, no women experienced 
generator erosion or lead fractures due to the expanding preg
nancy. Twenty-five percent experienced electrical discharges 
during pregnancy without complication.86

Hypertrophic cardiomyopathy is a genetic condition usually 
inherited in an autosomal-dominant pattern with variable pen
etrance. Although the condition can be subclassified, the physi
ologic impact of different forms is similar. Patients are at risk for 
malignant arrhythmia, diastolic dysfunction, and outflow tract 
obstruction. A risk for sudden death is suggested by a family his
tory of sudden death, extreme hypertrophy (LV wall >30 mm), 
a history of syncope, nonsustained ventricular tachycardia, and 
hypotension with exercise. Arrhythmia risk is managed with an 
ICD and (3-blockade. Volume loading during pregnancy in the 
face of diastolic dysfunction may result in pulmonary edema. 
Serum BNP can be used to direct volume management with 
diuretics. LV outflow tract obstruction is uncommon in young 
women. Reduced ventricular filling associated with blood loss, 
dehydration, or tachycardia will increase the functional obstruc
tion. Management of hypertrophic cardiomyopathy has been 
recently reviewed.8

Reviews of case reports suggest a maternal mortality rate of 
1% to 2% in these cases.88 ,u Given the biases associated with 
case report-derived data, this estimate probably sets an upper 
lim it of expected mortality. Thaman and colleagues90 reported 
271 pregnancies in 127 women with hypertrophic cardiomyopa
thy, complicated by only two cases of pulmonary edema post
partum that resolved with appropriate therapy. In pregnancy, 
increased blood volume and LV dimension will tend to benefit 
the patient. Increased heart rate will not benefit the patient;
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Chapter 37 Heart Disease in Pregnancy 823

therefore (3-blockers are generally used to manage tachycardia 
and some arrhythmias, and ICDs may also be used. Labor and 
delivery are managed with standard cardiac care with particular 
emphasis given to ensuring generous LV filling. Excessive 
volume loading may reveal a stiff ventricle and diastolic dys
function. In some patients, a relatively small increase in vas
cular volume results in a substantial increase in pulmonary 
pressure, pulmonary congestion, and desaturation. Although 
diastolic dysfunction may be difficult to diagnose by echocar
diography, careful attention to an O2 saturation monitor during 
labor and postpartum can reveal the need for augmented diure
sis. Supine hypotension must be carefully avoided, and obstetric 
bleeding should be treated early and aggressively with volume 
replacement.

C R IT IC A L  C A R E : H E M O D Y N A M IC  
M O N IT O R IN G  A N D  M A N A G E M E N T
Diseases unique to pregnancy, the physiologic stresses of preg
nancy, and the special conditions that surround labor and deliv
ery operate to create circumstances in which intensive care may 
be necessary more frequently than would be required among 
young nonpregnant individuals. Specialists in intensive care may 
not be familiar with the physiology of pregnancy and associated 
unique conditions such as preeclampsia or amniotic fluid 
embolus. They may also be unfamiliar with maternal-fetal physi
ologic relationships and decision making that must balance the 
needs of the mother and the fetus. Therefore obstetricians must 
be familiar with basic principles and techniques o f critical 
care medicine in order to primarily manage critically ill preg
nant women or to serve as valuable consultants to a critical 
care team.

Acute indications for invasive hemodynamic monitoring can 
be broadly categorized based on questions of physiology (Box 
37-4). Severe preeclampsia, sepsis, acute respiratory distress

BOX 37-4 INDICATIONS FOR 
HEMODYNAMIC MONITORING

1. W h y  is th e  p a tie n t h yp o x ic?
• A re  p u lm o n a ry  c a p illa ry  p re ssu re s  h ig h  because  o f 

re la tiv e  v o lu m e  o v e rlo a d  (e.g., m itra l s te n o s is  
p o s tp a rtu m )?

• A re  p u lm o n a ry  c a p illa ry  p re ssu re s  h ig h  because  o f 
d e p re sse d  ca rd ia c  fu n c tio n  (e.g., c a rd io m y o p a th y )?

• Is c a p illa ry  m e m b ra n e  in te g r ity  in ta c t (e.g., acu te  
re s p ira to ry  d is tre s s  s y n d ro m e , p n e u m o n ia )?

2. W h y  is th e  p a tie n t p e rs is te n tly  h y p e rte n s ive ?
• Is v a s c u la r res is ta n ce  e leva ted?
• Is ca rd ia c  o u tp u t e leva ted?

3. W h y  is th e  p a tie n t h y p o te n s ive ?
• Is le ft v e n tr ic le  f i l l in g  p re ssu re  lo w  (e.g., a fte r 

h e m o rrh a g e )?
• Is v a s c u la r res is ta n ce  lo w  (e.g., as w ith  se p tic  shock)?

4. W h y  is th e  p a tie n t's  u rin e  o u tp u t low ?
• Is le ft v e n tr ic le  f i l l in g  p re ssu re  lo w , re s u ltin g  in lo w  

c a rd ia c  o u tp u t?
5. Is th e  p a tie n t e xp e c te d  to  be u n s ta b le  in labor?

• Is th e  w in d o w  o f  le ft v e n tr ic le  f i l l in g  n a rro w  (e.g., 
a o rt ic  s tenos is)?

• W ill n o rm a l p h y s io lo g ic  ch a n ge s  asso c ia te d  w ith  
d e liv e ry  be to le ra te d  p o o r ly  (e.g., v o lu m e  lo a d in g  
p o s tp a rtu m , m itra l s te n o s is , p u lm o n a ry  h yp e rte n s io n )?

syndrome (ARDS), pneumonia, previously undiagnosed heart 
disease, and fluid management after resuscitation from obstet
ric hemorrhage are the most common conditions that require 
hemodynamic monitoring. Certain conditions, particularly 
maternal heart disease as discussed earlier, require a planned 
prospective decision for invasive monitoring. In these cases, the 
therapeutic window for hemodynamic management is narrow, 
and knowledge of the patient’s baseline compensated hemody
namic status can serve as a goal for intrapartum management.

In many cases, initial therapy can and should be based empiri
cally on an understanding of the patient’s pathophysiology. If 
subsequent interventions are needed, specific data obtained from 
hemodynamic monitoring may be required. Physicians with 
abundant experience treating a particular disease may rely less 
on invasive monitoring because an improved understanding 
makes the clinical course more predictable. In contrast, physi
cians with less experience may have a lower threshold for using 
invasive hemodynamic monitoring. Therefore understanding 
principles of management is particularly important for obstetri
cians who do not necessarily anticipate critically ill patients in 
their practice.

H em o d yn am ic M onitoring
The objective o f hemodynamic monitoring is to provide con
tinuous assessment o f systemic and intracardiac pressures and 
to provide the means to determine CO and therefore to calcu
late systemic and pulmonary resistances. An arterial catheter is 
usually placed in the radial artery to measure systemic pressure, 
and the diastolic pressure obtained usually correlates well with 
noninvasive measurements. Systolic pressure may be significantly 
higher than noninvasive measurements because of a very brief 
peak in pressure in early systole. The spike in pressure contributes 
little to MAP. The noninvasive measurement is usually more 
clinically relevant to the patient’s condition. The arterial catheter 
permits easy access to arterial blood sampling and relieves the 
patient from the discomfort of frequent blood draws.

Measurement of intracardiac pressures and CO are obtained 
through the insertion of a catheter into the central venous cir
culation and advancement into and through the right side of the 
heart. Venous access is most commonly obtained through the 
right internal jugular vein; a subclavian approach may also be 
used. Traditionally, insertion is guided by using the sternocleido
mastoid muscle and the clavicle as landmarks. The higher- 
frequency ultrasound transducer found on a vaginal probe can 
also be used to facilitate insertion under direct visualization. 
Once central venous access has been obtained and confirmed, a 
pulmonary artery catheter can be “floated” into the right side of 
the heart and pulmonary artery. Figure 37-7 demonstrates the 
waveforms and normal pressure values found as the catheter 
passes through the heart. Success in floating the catheter is in i
tially confirmed by observation of characteristic waveforms in 
the RV, pulmonary artery, and wedged position and subse
quently with a radiograph. In experienced hands, complications 
from pulmonary artery catheterization are uncommon and 
include pneumothorax (<0.1%), pulmonary infarction (0 to 
1.3%), pulmonary artery rupture (<0.1%), and septicemia 
(0.5% to 2.0%). Arrhythmias are usually transient and are asso
ciated with passage of the catheter through the RV. If the patient 
has significant pulmonary hypertension, difficulty may be 
encountered maintaining placement in the pulmonary artery.

Once the catheter has been successfully placed, continuous 
readings of CVP and pulmonary artery pressures can be
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FIG 37-7 Hemodynamic waveforms and normal pressure values associated with catheter positions during advancement of a pulmonary artery 
catheter.

obtained. By inflating the balloon at the catheter tip, the 
catheter can be wedged in the pulmonary artery to obtain a 
PAWP, which reflects the filling pressure—preload— in the 
left ventricle. CVP measured in the right atrium is a measure 
of RV filling pressure. In pregnant women, CVP cannot be 
assumed to accurately reflect LV filling. Right atrial pressures 
and systolic pulmonary pressures can be measured noninvasively 
by echocardiography.

CO is measured by thermodilution. A bolus of cold fluid is 
injected into the right atrium, and a curve of temperature change 
over time is recorded as the bolus passes through the pulmonary 
artery. From the shape of the curve, CO can be calculated; when 
the CO is higher, the dilutional curve is shorter in time and 
greater in maximal temperature change. More recently, catheters 
have been equipped with a heating element in the right atrial 
segment so that continuous measurement of CO can be per
formed. CO can be measured noninvasively with Doppler and 
impedance techniques. Doppler technique has been validated 
under a wide range of clinical circumstances.91'94 The impedance 
technique tends to underestimate CO in pregnancy but accu
rately reflects changes in hemodynamics in many conditions. In 
conditions of pathologically high flow, impedance may signifi
cantly underestimate CO .95 7 Cardiac index can be derived from 
CO in order to adjust for maternal size and equals CO divided 
by body surface area (BSA). However, BSA does not seem to be 
related to CO in pregnancy, therefore CO is usually preferred.94 
When CO is measured noninvasively and CVP is not available, 
resistance is expressed as total peripheral resistance (TPR) rather 
than SVR. In most clinical conditions, the differences between 
the two are not important.

Table 37-8 summarizes the formulae used to calculate hemo
dynamic parameters not directly measured. Normal values for

TABLE 37-8 CALCULATED HEMODYNAMIC VARIABLES

CALCULATION UNITS

Mean arterial pressure (MAP) sBP + 2(dBP) 
3

mm Hg

Stroke volume (SV) CO 1000 
HR

mL

Systemic vascular resistance 
(SVR)

(M A P -C V O )-80 
CO

dyne • sec • cm"5

Total peripheral resistance 
(TPR)

M A P-80 
CO

dyne • sec • cm-5

Pulmonary vascular resistance 
(PVR)

80(mPAP -  PAWP) 
CO

dyne • sec • cm"5

CO, cardiac output; CVO, central venous oxygen; dBP, diastolic blood pressure; 
mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; 
sBP, systolic blood pressure.

CO, MAP, HR, SV, and TPR are summarized in Figure 37-1. 
In a study of 10 normal pregnant women at term, Clark and 
coworkers98 determined that CVP, pulmonary artery pressure, 
PAWP, and LV work index were not different from nonpregnant 
measurements made about 3 months postpartum. The relation
ship between PAWP and LV work index fell within the normal 
range for nonpregnant individuals, suggesting normal contrac
tility in pregnancy. PVR was 34% lower, and colloid osmotic 
pressure was reduced by 14%.

H em o d yn am ic M an ag em en t
Strategies of hemodynamic therapy that may be applicable to a 
variety of clinical circumstances are discussed in this section. As
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outlined earlier, the use of hemodynamic monitoring should be 
directed at answering specific questions of maternal pathophysi
ology. To achieve a particular goal, a number of physiologic 
interventions are possible. Each of these interventions w ill pre
cipitate a secondary or compensatory response. The secondary 
response, if  excessive, may adversely affect the patient. The 
choice of intervention from available options will often be deter
mined by the potential for and magnitude of adverse effect. 
Hemodynamic monitoring permits the physician to choose 
an intervention and subsequently assess the positive and 
negative effects.

Disruption of alveolar capillary fluid dynamics is frequently 
associated with acute oxygen desaturation due to excess alveolar 
fluid. Pulmonary edema is usually due to excess hydrostatic 
capillary pressure (e.g., cardiomyopathy, mitral stenosis) or to a 
disruption of alveolar capillary membrane integrity (e.g., pneu
monia, ARDS). Although a reduction in serum oncotic pres
sure is rarely a primary cause o f pulmonary edema, the 
reduced serum albumin level in normal pregnancy can act in 
synergy with other forces and result in earlier or more severe 
pulmonary edema than would normally occur.

The use of pulse oximetry facilitates the early detection 
of maternal desaturation. Oxygen supplementation improves 
maternal saturation but does not correct the underlying cause. 
If desaturation is progressive, further intervention w ill be 
required. In the normal heart, diuresis to reduce preload works 
to decrease alveolar water in patients with elevated PAWP and 
in patients with capillary leak. A reduction in capillary pressure 
from high normal to low normal will reduce the egress of water 
across damaged membranes. In many circumstances, these inter
ventions are made empirically based on a diagnosis and an 
understanding of maternal physiology. For example, tocolysis 
with (3-mimetic agents can induce pulmonary edema. Timely 
diagnosis, discontinuation of the offending agent, oxygen sup
plementation, and a single diuretic dose will usually be sufficient 
therapy. W hen initial interventions do not achieve an adequate 
effect, invasive monitoring may be required to direct subsequent 
care. Maternal diuresis to improve oxygen saturation, when 
excessive, may lead to a reduction in CO. Fetal decompensa
tion is usually encountered before a significant reduction in 
maternal perfusion and hypotension. The maternal PAWP 
and CO can be used to direct maternal diuresis. If desaturation 
continues despite hemodynamic management, intubation may 
be required. Positive end-expiratory pressure (PEEP) can be used 
to increase intraalveolar pressure to impede the forces that drive 
water into alveolar spaces. PEEP may impede venous return and 
decrease CO as a result of the effects of the associated increase 
in extracardiac intrathoracic pressure. A PAWP in excess of 
PEEP is required for adequate ventricular filling. Only in the 
sickest of pregnant women will PEEP have a clinically significant 
impact on CO.

Disorders of blood pressure and perfusion can be managed 
with the knowledge of maternal hemodynamics. Figure 37-8 
describes the relationships between MAP, CO, and vascular 
resistance. CO and MAP are represented on the x-axis and 
y-axis, respectively. Resistance is represented by diagonal isomet
ric lines. Vasodilators or vasopressors that act on resistance 
produce vectors of change that run perpendicular to lines of 
resistance. Interventions that decrease ([3-blockers, diuresis) or 
increase (dopamine, volume) CO produce vectors of change that 
run roughly parallel to lines of resistance. The region labeled 
“normal” represents the goal of therapy. Plotting patient data on

U)I
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FIG 37-8 Hemodynamic flow chart. Cardiac output and mean arterial 
pressure are plotted on the x-axis and y-axis, respectively. Diagonal 
lines are isometric lines of vascular resistance. Anticipated vectors 
of change can be used to predict patient response to intervention. 
TPR, total peripheral resistance.

the chart allows the clinician to visually determine the vector or 
combination of vectors that could return hemodynamics to 
normal.

Patient A represents a patient who is hypotensive with a low 
CO, as might be expected after hemorrhage or in heart failure. 
Given a low PAWP associated with hemorrhage, volume admin
istration would be expected to create a vector that would return 
hemodynamics to normal. Alternatively, the patient could have 
a normal or high PAWP associated with heart failure and would 
need an inotropic agent such as dopamine. Patient B has a 
normal blood pressure but a high vascular resistance and low 
CO such as might be expected with a cardiomyopathy. Afterload 
reduction with a medication such as hydralazine w ill produce a 
vector of vasodilation and will return hemodynamics to normal. 
Patient C  is hypertensive with a mixed hemodynamic pattern. 
She will need a combination of vectors to approach normal 
hemodynamics (e.g., hydralazine and [3-blocker). Patient D is 
hypotensive and hyperdynamic with a low vascular resistance, 
hemodynamics that might be found in a patient with early 
sepsis. Treatment with volume could increase pressure but at the 
expense of high filling pressures and a potentially negative 
impact on developing ARDS. Alternatively, a small dose of an 
OC-adrenergic agent such as phenylephrine would create a vector 
perpendicular to lines of resistance and would return hemody
namics to normal.

KEY POINTS

♦ Hemodynamic changes in pregnancy may adversely 
affect maternal cardiac performance.

♦ Intercurrent events such as infection during pregnancy 
are usually the cause of decompensation.

♦ Women with heart disease in pregnancy frequently have 
unique psychosocial needs.

♦ Labor, delivery, and postpartum are periods of hemody
namic instability.

Normal

Cardiac Output (L/min)
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826 Section VI Pregnancy and Coexisting Disease

♦ The postpartum period can be characterized as a “perfect 
storm” of volume loading, tachycardia, and increased 
afterload; each of these may contribute to the destabili
zation of a pregnant woman with heart disease.

♦ Invasive hemodynamic monitoring should be used to 
address specific clinical questions.

♦ M any maternal heart conditions can be medically 
managed during pregnancy.

♦ Management of anticoagulation in women with 
mechanical valves requires an experienced team and 
careful consideration of the balance between maternal 
and fetal risk followed by appropriate counseling. Very 
aggressive therapeutic monitoring is required.

♦ Mothers with cyanotic heart disease are at particular risk 
for adverse fetal and neonatal outcomes.

♦ Eisenmenger syndrome, Marfan syndrome with a 
dilated aorta, and pulmonary hypertension with right 
heart dysfunction are associated with a very high risk 
for maternal mortality.

♦ M any women with congenital heart disease can success
fully complete a pregnancy.

♦ Preconceptual counseling is based on achieving a balance 
between medical information and the patient’s value 
system.
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Pulmonary diseases are among the most common medical com
plications of pregnancy. The occurrence of pulmonary disease 
during gestation may result in increased morbidity or mortality 
for both the mother and her fetus. Pregnancy may have an 
adverse or positive impact on the pulmonary function of the 
gravida depending on the particular complication that is being 
encountered. The cardiorespiratory changes that occur in preg
nancy are reviewed in Chapter 3, and the obstetrician and 
medical consultants should have a thorough understanding of 
these changes and their potential effects on the respiratory 
disease in question. It is also extremely important to realize that 
most diagnostic tests used to evaluate pulmonary function are 
not harmful to the fetus and, if  indicated, should be performed 
during gestation. In this section, we discuss some of the respira
tory complications that may be encountered during gestation,

the impact of pregnancy on the disease, and the potential impact 
of the disease on pregnancy.

PNEUMONIA IN PREGNANCY
Pneumonia is an uncommon complication of pregnancy, 
observed in 0.78 to 2.7 per 1000 deliveries.1,2 However, pneu
monia contributes to considerable maternal mortality and is 
reportedly the most common nonobstetric infection to cause 
maternal mortality in the peripartum period.3 Before the 
introduction of antibiotic therapy, maternal mortality was as 
high as 24% .2 However, with modern management and anti
biotic therapy, the maternal mortality rate currently ranges 
from 0% to 4% .1,3,4 Preterm delivery is a significant compli
cation o f pneumonia; even with antibiotic therapy and
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Chapter 38 Respiratory Disease in Pregnancy 829

modern management, it continues to occur in 4% to 43%  of 
affected pregnancies.1'3,4

The incidence of pneumonia in pregnancy may be increasing 
primarily as a reflection of the declining health status of certain 
segments of the childbearing population.1 In addition, the epi
demic of human immunodeficiency virus (HIV) infection has 
increased the number of potential mothers at risk for opportu
nistic lung infections. HIV infection further predisposes the 
pregnant woman to the infectious complications of the acquired 
immunodeficiency syndrome (AIDS).3 Reported incidence rates 
range from 97 to 290 cases per 1000 HIV-infected people 
per year.6 HIV-infected people are 7.8  times more likely to 
develop pneumonia than non-HIV-infected individuals with 
similar risk factors.6 Women with medical conditions that 
increase the risk for pulmonary infection, such as cystic fibrosis, 
are now living to childbearing age more often than in the past. 
This disorder also contributes to the increased incidence of 
pneumonia in pregnancy.

Pneumonia can complicate pregnancy at any time during 
gestation and may be associated with preterm birth, poor 
fetal growth, and perinatal loss. Benedetti and colleagues3 
described 39 cases of pneumonia in pregnancy. Sixteen gravi
dae presented before 24 weeks’ gestation, 15 between 25 and 36 
weeks’ gestation, and eight presented after 36 weeks’ gestation. 
Twenty-seven patients in this series were followed to comple
tion of pregnancy, and only two required delivery during the 
acute phase of pneumonia. O f these 27 patients, three suffered 
a fetal loss, and 24 delivered live fetuses; one neonatal death 
was due to prematurity.1 Madinger and associates4 reported 
25 cases of pneumonia that occurred among 32,179 deliver
ies and observed that fetal and obstetric complications were 
much more common than in earlier studies. Preterm labor 
occurred in 11 o f 21 patients who had complete follow-up 
data, and pneumonia was present at the time o f delivery in
11 patients. Preterm labor was more likely in those women 
who experienced bacteremia, required mechanical ventila
tion, or had a serious underlying maternal disease. In addi
tion to the complication of preterm labor, three perinatal deaths 
occurred in this series. In Berkowitz and La Sala’s report1 of 25 
patients with pneumonia that complicated pregnancy, full-term 
delivery of normally grown infants occurred in 14 women, one 
delivered preterm, three had a voluntary termination of preg
nancy, three had term deliveries of growth-restricted babies, 
and four were lost to follow-up. Birthweight was significantly 
lower in the study group (2770 ± 224 g vs. 3173 ± 99 g in the 
control group; P  <.01). In this series, pneumonia complicated
1 in 367 deliveries, and the authors attributed the increase in 
the incidence of pneumonia in this population to a decline in 
general health status that included anemia and a significant 
incidence of cocaine use in the study group (52% vs. 10% in 
the general population) as well as HIV positivity in the study 
group (24% vs. 2% in controls). Madinger and associates4 
reported preterm labor in 44%  o f cases with antepartum 
pneumonia, with a preterm birth rate o f 36%. Maternal 
complications o f pneumonia include respiratory failure and 
mechanical ventilation in 10%  to 20% , bacteremia in 16%, 
and empyema in 8%.' 4 Respiratory failure due to pneumonia 
accounts for 12% of intubations during pregnancy.7 A recent 
report by Chen and colleagues8 documents that women with 
pneumonia during pregnancy have a significantly higher risk 
of low-birthweight (LBW) infants, preterm birth, small-for- 
gestational-age (SGA) infants, infants with low Apgar scores,

cesarean delivery, and preeclampsia/eclampsia compared with 
unaffected women.

BACTERIOLOGY
Most series that have described pneumonia complicating preg
nancy have used incomplete methodologies to diagnose the etio- 
logic pathogens involved, relying primarily on cultures of blood 
and sputum. In most cases, no identifiable pathogen is reported; 
however, Streptococcus pneumoniae and Haemophilus influ
enzae remain the most common identifiable causes o f pneu
monia in pregnancy.1,3 Because comprehensive serologic testing 
has rarely been undertaken, the true incidence of viral pneumo
nia, Legionella, and Mycoplasma pneumonia in pregnancy is 
difficult to estimate. In Berkowitz and LaSala’s series,1 one 
patient had Legionella species. Several unusual pathogens have 
been reported to cause pneumonia in pregnancy, including 
mumps, infectious mononucleosis, swine flu, influenza A, 
varicella, coccidioidomycosis, and other fungi.9 Varicella 
pneumonia complicates primary varicella infections in 9%  
o f infections in pregnancy, compared with 0.3%  to 1.8%  in 
the nonpregnant population.10 Influenza A has a higher mor
tality in pregnant than in nonpregnant patients. The increase 
in virulence o f viral infections reported in pregnancy may be 
secondary to the alterations in maternal immune status that 
characterize pregnancy, including reduced lymphocyte pro
liferative response, reduced cell-mediated cytotoxicity, and a 
decrease in the number o f helper T lymphocytes (see Chapter 
4 ) .11,12 Viral pneumoniae can also be complicated by superim
posed bacterial infection, particularly with pneumococcus (S. 
pneumoniae). Recent reports have been made o f community- 
acquired methicillin-resistant Staphylococcus aureus (CA- 
MRSA) causing necrotizing pneumonia in pregnancy and 
postpartum.11 13

Chemical pneumonitis results after the aspiration of gastric 
contents, and it can be superinfected with pathogens present in 
the oropharynx and gastric juices, primarily anaerobes and 
gram-negative bacteria.9

Heterosexual transmission of HIV has become an increasingly 
important mode of transmission. M any women infected with 
HIV are of childbearing age, and they are at risk for developing 
Pneumocystis jirov eci pneumonia (PJP) during pregnancy. The 
reported maternal mortality rate from PJP is as high as 50% .14 
Although the risk for maternal mortality is high with PJP infec
tion, most HIV-infected pregnant women in the United States 
today receive PJP prophylaxis. This practice may actually lead 
to a decrease in the incidence and mortality from PJP pneumo
nia in pregnancy.

BACTERIAL PNEUMONIA
Streptococcus pneumoniae (pneumococcus) is the most 
common bacterial pathogen to cause pneumonia in preg
nancy, and H. influenzae is the next most common. These 
pneumoniae typically present as acute illness accompanied by 
fever, chills, purulent productive cough, and a lobar pattern on 
chest radiograph (Fig. 38-1). Streptococcal pneumonia pro
duces a “rusty” sputum, and gram-positive diplococci appear 
on Gram stain with asymmetric consolidation and air bron- 
chograms on chest radiograph. H. influenzae is a gram- 
negative coccobacillus that produces consolidation and air 
bronchograms, often in the upper lobes. Less frequent
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830 Section VI Pregnancy and Coexisting Disease

FIG 38-1 Right lower lobe pneumonia.

bacterial pathogens include Klebsiella pneumoniae, a gram- 
negative rod that causes extensive tissue destruction with air 
bronchograms, pleural effusion, and cavitation noted on 
chest radiograph. Patients with Staphylococcus aureus pneu
monia present with pleuritis, chest pain, purulent sputum, 
and consolidation without air bronchograms noted on 
chest radiograph. Community-acquired methicillin-resistant 
Staphylococcus aureus (CA-MRSA) can present with a viral- 
like prodrome that progresses to severe pneumonia with high 
fever, hypotension, and hemoptysis followed by septic shock 
and need for ventilator support.11 Severe cases o f CA-MRSA 
have been reported during influenza seasons or associated 
with a preceding influenza illness in 33%  to 71%  patients." 
Leukopenia can be observed and has been found to be a 
predictor o f poor outcome.11 Patients can present with mul- 
tilobar infiltrates and cavitation. Mortality from CA-MRSA 
pneumonia in the United States and Europe is reportedly 
greater than 50%.

Patients with atypical pneumonia pathogens— such as 
M. pneumoniae, L. pneumophila, and Chlamydia pneu
moniae (Taiwan acute respiratory [TWAR] agent)— present 
with gradual onset and a lower fever, appear less ill, and have 
a mucoid sputum and a patchy or interstitial infiltrate on 
chest radiograph. The severity of the findings on chest radio
graph is usually out of proportion to the mild clinical symptoms. 
M. pneumoniae is the most common organism responsible 
for atypical pneumonia and is best detected by the presence 
o f cold agglutinins, which are present in 70%  o f cases.

The normal physiologic changes in the respiratory system 
associated with pregnancy result in a loss of ventilatory reserve. 
This, coupled with the relative immunosuppression that accom
panies pregnancy, puts the mother and fetus at great risk from 
respiratory infection. Therefore any gravida suspected o f 
having pneumonia should be managed aggressively. Hos
pital admission is generally recommended, and an investiga
tion should be undertaken to determine the pathologic etiology. 
In a study of 133 women admitted with pneumonia during

pregnancy and managed using protocols based on the British 
and American Thoracic Societies’ admission guidelines for 
management in nonpregnant individuals,1̂ the authors reported 
that if  the American Thoracic Society (ATS) guidelines had 
been used, 25% of the pregnant women with pneumonia 
could have avoided admission.15'16 None of the gravidae who 
would have been managed as outpatients using the American 
criteria had any complications.17 If the British Thoracic Society 
guidelines had been used, 66% of the pregnant women in this 
group would have been assigned to outpatient therapy. However, 
of those, 14% would have required readmission for complica
tions. O f note, most of the 133 women who were hospitalized 
with pneumonia in this study did not receive a chest radio
graph for confirmation of diagnosis. This limits the value of 
the study for use in guiding admission criteria for pneumonia 
in pregnancy. Therefore until additional information is avail
able, admission for all pregnant women with pneumonia is 
prudent.

Workup should include physical examination, arterial 
blood gases, chest radiograph, sputum for Gram stain and 
culture, and blood cultures. Several recently published studies 
have called into question the use of cultures to identify the 
microbiology of community-acquired pneumonia. The success
ful identification o f the bacterial etiology with cultures has 
been found to range from 2.1%  to about 50% .18,1 Review of 
available clinical data reflects an overall reliance on clinical 
judgment and the patient response to treatment to guide 
therapy. Other tests are available to identify the etiology of 
pneumonia that do not require culture and are more sensitive 
and specific. An assay approved by the U.S. Food and Drug 
Administration (FDA) for pneumococcal urinary antigen has 
been assessed in several studies.'0 The sensitivity for iden
tifying pneumococcal disease in adults is reportedly 60% 
to 90%  with specificity close to 100% . " In one study, the 
pneumococcal antigen was detected in 26% of patients in whom 
no pathogen had been identified.21 This suggests that cases undi
agnosed by standard testing can be identified with the assay. In 
this study, 10%  o f samples from patients with pneumonia 
caused by other agents were positive for the pneumococcal 
assay, which indicates a potential problem with specificity.1 
Therefore i f  the response to therapy directed at pneumococ
cus (Streptococcus pneumoniae) is inadequate, coverage for 
other potential pathogens should be added. A  test is available 
for Legionella urinary antigen as well, with a sensitivity of 
70%  and specificity o f 90%  for serogroup 1. 2 This is espe
cially useful in the United States and Europe because about 85% 
of Legionella isolates are serogroup l . 22 Legionella is a common 
cause of severe community-acquired pneumonia; therefore the 
urinary antigen for serogroup 1 should be considered for any 
patient who requires admission to an intensive care unit (ICU) 
for pneumonia.22

Percutaneous transthoracic needle aspiration (PTNA) has 
been advocated as a valuable and safe method to increase the 
chance of establishing a causative agent in pneumonia.2’ This 
test should be reserved for use in compromised individuals, 
when tuberculosis (TB) is suspected in the absence of a produc
tive cough, and in selected cases of chronic pneumonia, pneu
monia associated with neoplasm or foreign body, suspected PJP 
pneumonia, and suspected conditions that necessitate lung 
biopsy.17

W hen admission for pneumonia is required, evidence sug
gests that inpatient and 30-day mortality have been reduced

ak
us

he
r-li

b.r
u



Chapter 38 Respiratory Disease in Pregnancy 831

when antibiotics are administered within 8 hours. Therefore 
current U.S. federal standards require that the first dose o f 
antibiotics be administered within 4  hours o f arrival to the 
hospital.24 Empiric antibiotic coverage should be started, 
usually with a macrolide for mild illness with addition o f a 
(3-lactam for severe illness. Yost and colleagues15 demonstrated 
that monotherapy with erythromycin was adequate in 118 of 
119 women with pneumonia in pregnancy. A macrolide com
bined with a (3-lactam is safe and will provide adequate cov
erage for most community-acquired bacterial pneumoniae, 
including Legionella. Dual coverage has been demonstrated 
to improve response to therapy even for abbreviated macrolide 
regimens.1 This is theoretically because of an added antiinflam
matory effect of the macrolides.19 Azithromycin administration 
has been shown to be an independent predictor of positive 
outcome and reduced length of hospital stay in mild to moderate 
community-acquired pneumonia.1 However, the use o f mac
rolides to treat community-acquired pneumonia should be 
limited when possible because their use has also been associ
ated with increased penicillin resistance among patients with 
S. pneumoniae.

Once the results of the antigen, sputum culture, blood cul
tures, Gram stain, and serum studies are obtained and a patho
gen has been identified, antibiotic therapy should be directed 
toward the identifiable pathogen. The quinolones as a class 
should be avoided in pregnancy because they may damage 
developing fetal cartilage. However, with the emergence o f 
highly resistant bacterial pneumonia, their use may be life- 
saving and therefore justified in specific circumstances. The 
respiratory quinolones are not only effective against highly 
penicillin-resistant S. pneumoniae strains, their use reportedly 
does not increase resistance.25'2 The respiratory quinolones 
include levofloxacin, gatifloxacin, and moxifloxacin. These 
are ideal agents for community-acquired pneumonia because 
they are highly active against penicillin-resistant strains o f S. 
pneumoniae. They are also active against Legionella and the 
other atypical pulmonary pathogens. Another advantage is a 
favorable pharmacokinetic profile such that blood/lung levels are 
the same whether the drug is administered orally or intrave
nously.28 Arguments against more extensive respiratory quino- 
lone use are based on concerns about the potential for developing 
resistance, the variable incidence of Legionella, and cost. An 
additional caveat is that the respiratory quinolones are partially 
effective against mycobacterial TB. Therefore evaluation for this 
infection should be done when considering the use of quino
lones for pneumonia. If CA-MRSA pneumonia is suspected, 
vancomycin or linezolid should be added to empiric therapy.11 
Additional therapy with clindamycin can be considered in 
difficult-to-treat cases because it has been shown to reduce pro
duction of staphylococcal exotoxins.2h CA-MRSA is susceptible 
to fluoroquinolones and trimethoprim-sulfamethoxazole 
and often are only resistant to 13-lactams.11

In addition to antibiotic therapy, oxygen supplementation 
should be given, and frequent arterial blood gas measurements 
should be obtained. Arterial saturation should be monitored 
with pulse oximetry with a goal o f maintaining the PO2 at 
70 mm Hg, a level necessary to ensure adequate fetal oxygen
ation. When the gravida is afebrile for 48 hours and has signs 
of clinical improvement, an oral cephalosporin or macrolide, 
or both, can be initiated and intravenous (IV) therapy dis
continued. A total o f 10 to 14  days o f treatment should be 
completed.

Pneumococcal polysaccharide vaccination prevents pneu
mococcal pneumonia in otherwise healthy populations with 
an efficacy o f 65%  to 84%.' The vaccine is safe in pregnancy
and should be administered to high-risk gravidae. Those at high 
risk include individuals with sickle cell disease secondary to 
autosplenectomy, patients who have had a surgical splenectomy, 
and individuals who are immunosuppressed. An additional 
advantage to maternal immunization with the pneumococcal 
vaccine is that several studies have demonstrated a significant 
transplacental transmission o f vaccine-specific antibodies.2 
After in utero exposure to the vaccine, significantly high 
concentrations o f pneumococcal antibodies are present in 
infants at birth and at 2 months o f age. In addition, colos
trum and breast milk antibodies are significandy increased 
in women who have received the pneumococcal vaccine.28

Pneumonia in pregnancy can be complicated by respiratory 
failure that requires mechanical ventilation. In such cases, team 
management should include the obstetrician, a maternal-fetal 
medicine specialist, and an intensivist. In addition to meticulous 
management of the gravida’s respiratory status, maintenance of 
the left lateral recumbent position is advocated to improve 
uteroplacental perfusion. The potentially viable fetus should 
be monitored with continuous fetal monitoring. Serial ultra
sound examinations for amniotic fluid index (AFI) and 
growth will help to guide clinical management. If positive 
end-expiratory pressure (PEEP) greater than 10 cm H2O is 
required to maintain oxygenation, central venous monitor
ing should be instituted to adequately monitor volume status 
and maintain maternal and uteroplacental perfusion. No evi
dence suggests that elective delivery results in an overall 
improvement in respiratory function ’; therefore elective 
delivery should be undertaken with caution. However, i f  clear 
evidence o f fetal compromise or profound maternal compro
mise and impending demise is apparent, delivery should be 
accomplished.

VIRAL PNEUMONIA 
Influenza Virus
Every year in the United States, an estimated 4 million cases o f 
pneumonia occur that complicate influenza; this represents 
the sixth leading cause o f death in this country.30 Although 
three types of influenza virus— types A, B, and C— can cause 
human disease, most epidemic infections are due to influenza 
A,9 which typically has an acute onset after a 1- to 4-day 
incubation period and first manifests as high fever, coryza, 
headache, malaise, and cough. In uncomplicated cases, the 
chest examination and chest radiograph remain clear.9 If 
symptoms persist longer than 5 days, especially in a preg
nancy, complications should be suspected. Pneumonia may 
complicate influenza as the result of either secondary bacterial 
infection or primary viral infection of the lung parenchyma. In 
the epidemic o f 1957, autopsies demonstrated that pregnant 
women most commonly died o f fulminant viral pneumonia, 
whereas nonpregnant patients died most often o f secondary 
bacterial infection.11 A large nested case-control study evalu
ated the rate of influenza-related complications over 17 influ
enza seasons in women enrolled in the Tennessee Medicaid 
system.32 This study demonstrated a high risk for hospitalization 
for influenza-related reasons in low-risk pregnant women during 
the last trimester of pregnancy. The authors predicted that 25 of 
10,000 women in the third trimester during the influenza season
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will be hospitalized with influenza-related complications.3~ A 
more recent matched cohort study using the administra
tive database o f pregnant women enrolled in the Tennessee 
Medicaid population examined pregnant women aged 25 to 
44 years with respiratory hospitalization during influenza 
seasons in 1985 to 1993.33 In this population o f pregnant 
women, those with asthma accounted for half o f all respira
tory hospitalizations during influenza season. O f pregnant 
women with the diagnosis o f asthma, 6% required respira
tory hospitalization during the influenza season (odds ratio 
[OR], 10.63; 95% confidence interval [CI], 8.61 to 13.83) com
pared with women without a medical comorbidity. This study 
detected no significant increases in adverse perinatal outcome 
associated with respiratory hospitalization during flu season.33

Early data on pandemic 2009 influenza A  (H1N1) suggest 
pregnant women had an increased risk for hospitalization 
and death. Siston and associates34 identified 788 pregnant 
women in the United States with H1N1. Thirty died (5% of all 
reported H1N1 deaths in this period). Among 509 hospitalized 
women, 115 (22.5%) were admitted to an ICU. Pregnant 
women who began treatment more than 4 days after symptom 
onset were more likely to be admitted to an ICU (56.9% vs. 
9.4%; relative risk [RR], 6.0; 95% CI, 3.5 to 10.6) than those 
treated within 2 days after symptom onset.vl

Primary influenza pneumonia is characterized by rapid pro
gression from a unilateral infiltrate to diffuse bilateral disease. 
The gravida may develop fulminant respiratory failure that 
requires mechanical ventilation and PEEP. When pneumonia 
complicates influenza in pregnancy, antibiotics should be 
started, directed at the likely pathogens that can cause sec
ondary infection: Staphylococcus aureus, Streptococcus pneu
moniae (pneumococcus), H. influenzae, and certain enteric 
gram-negative bacteria. Antiviral agents, such as amantadine 
and ribavirin, can be considered. It has been recommended 
that the influenza vaccine be given routinely to gravidae 
during the flu season (October to March) regardless of the 
trimester to prevent the occurrence of influenza and to prevent 
the development of secondary pneumonia. In addition to mater
nal protection, prospective studies have demonstrated higher 
cord blood antibody levels to influenza in babies born 
to mothers immunized during pregnancy. Disease onset is 
delayed and severity of the influenza is decreased in infants who 
have higher antibody levels.3S

Varicella Virus
Varicella zoster is a DNA virus that usually causes a benign self
lim ited illness in children but may infect up to 2% of all adults.36 
Varicella infection occurs in 0.7 o f every 1000 pregnancies. 
Pregnancy may increase the likelihood of varicella pneumonia 
complicating the primary infection. ’ 38 Varicella pneumonia 
occurs most often in the third trimester, and the infection is 
likely to be severe.37 38 The maternal mortality from varicella 
pneumonia is reportedly as high as 35%  to 40% , compared 
with 11%  to 17%  in nonpregnant individuals. W ith modern 
management, mortality has decreased dramatically. One 
review reported three deaths in 28 women with varicella 
pneumonia.37 Another described 347 pregnant women with 
Varicella zoster infection. O f these, 18 (5.2%) had pneumo
nia treated with acyclovir. None died. The authors noted that 
women with varicella pneumonia were significantly more 
likely to be current smokers (OR, 5.1; 95%  CI, 1.6 to 16) 
and to have 100 or more skin lesions.39 A more recent study

FIG 38-2 This chest radiograph demonstrates bilateral nodular and 
interstitial pneumonia characteristic of varicella pneumonia. The 
patient— a 27-year-old gravida 6, para 2, abortus 3— was exposed to 
varicella infection in her two children. Characteristic skin vesicles of 
varicella occurred several days before the development of pulmonary 
symptoms. She required endotracheal intubation and mechanical ven
tilation for 6 days and was treated with intravenous acyclovir and 
ceftazidime for possible superimposed infection. The patient recov
ered fully and delivered a healthy infant at term.

by Zhang and colleagues38 reported 935 cases of varicella pneu
monia in pregnancy in the United States and no maternal 
deaths.

Varicella pneumonia usually presents 2 to 5 days after the 
onset of fever, rash, and malaise and is heralded by the onset of 
pulmonary symptoms that include cough, dyspnea, pruritic 
chest pain, and hemoptysis. The severity of the illness may vary 
from asymptomatic radiographic abnormalities to fulminant 
pneumonitis and respiratory failure (Fig. 38-2). All gravidae 
with varicella pneumonia should be aggressively treated with 
antiviral therapy and admitted to the ICU for close observa
tion. Acyclovir, a DNA polymerase inhibitor, should be started. 
The early use o f acyclovir has been associated with an 
improved hospital course after the fifth day and a lower mean 
temperature, lower respiratory rate, and improved oxygen
ation and survival.40 Treatment with acyclovir is safe in preg
nancy. Among 312 exposed pregnancies, no increase was seen 
in the number of birth defects, and no consistent pattern of 
congenital abnormalities was apparent.41 A dose o f 7.5 mg/kg 
intravenously every 8 hours has been recommended. The use 
of varicella immune globulin to prevent infection in individuals 
exposed to varicella is not possible because it is no longer avail
able in the United States.

Varicella vaccine is a live attenuated vaccine, and it is the 
first vaccine against the herpesvirus. Extensive prelicensure 
studies have demonstrated that the vaccine is safe and effica
cious against varicella; therefore varicella vaccine was added 
to the universal childhood immunization schedule in the 
United States in 1995. The program of universal childhood
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vaccination against varicella in the United States has resulted 
in a sharp decline in the rate o f death from varicella.12 This 
vaccine is not recommended for use in pregnancy. However, 
the overall decline in the incidence of varicella secondary to 
vaccination will likely result in a decreased incidence of varicella 
infection and varicella pneumonia in pregnancy.

A recent study assessed the risk for congenital varicella 
syndrome and other birth defects in offspring o f women 
who inadvertently received the varicella vaccine during 
pregnancy or within 3 months o f conception.43 Fifty-eight 
women received their first dose o f varicella vaccine during 
the first or second trimester, and no cases o f congenital vari
cella syndrome were identified among 56 live births (rate, 
0%; 95% C l, 0 to 15.6). Among the prospective reports of 
live births, five congenital anomalies were reported. No specific 
pattern of anomalies was identified in either the susceptible 
cohort or the sample population as a whole. Although the 
numbers in the study are small, the results should provide some 
reassurance to health care providers and women with inadver
tent exposure before or during pregnancy.43

Pneumocystis jiroveci P neum o nia
Pneum ocystis j i r o v e c i  (PJP), formerly P neum ocystis ca r in ii  
pneumonia (PCP) remains the most prevalent opportunistic 
infection in patients infected with HIV.14 It is an AIDS- 
defining illness that occurs more frequently when the helper 
T-cell count (CD4+) is less than 200 cells/mm3.44 When AIDS 
is complicated by PJP, the mortality rate is 10%  to 20%  
during the initial infection, but this rate can increase sub
stantially with the need for mechanical ventilation. The trans
mission of Pneumocystis is not fully understood, although some 
evidence suggests person-to-person transmission as the most 
likely mode; however, acquisition from environmental sources 
may also occur.44

The symptoms of PJP are nonspecific; therefore it may be 
difficult to diagnose. Typical radiographic features o f PJP are 
bilateral perihilar interstitial infiltrates that become increas
ingly homogeneous and diffuse as the disease progresses 
(Fig. 38-3). The diagnosis o f PJP requires microscopic exami
nation to identify P neum ocystis  from a clinical source such 
as sputum, bronchoalveolar fluid, or lung tissue (Fig. 38-4). 
Pneumocystis cannot be propagated in culture. The fungus has 
trophic forms as well as a cyst state, which can be detected with 
a modified Papanicolaou, Wright-Giemsa, or Gram-Weigert 
stain.44 Monoclonal antibodies are useful for detecting P neu 
m ocystis  as well. The application of polymerase chain reaction 
(PCR) to detect Pneumocystis has been an area of active research 
and may be valuable for detection in sputum and bronchoalveo
lar lavage fluid.43 Trimethoprim-sulfamethoxazole is the pre
ferred treatment for PJP. Thus far, resistance to this 
therapeutic agent has not been identified.44

A significant number of new infections with HIV are occur
ring in women of childbearing age. As o f 1995, more than 80%  
of women with AIDS were o f reproductive age. PJP pneumo
nia is the most common cause o f AIDS-related death in the 
United States. Literature on PJP in pregnancy is scarce, but 
one report describes five cases of PJP in pregnancy and also 
reviews the literature.45 In this series o f 22 pregnant women 
with PJP, 11 patients (50%) died o f pneumonia. The inci
dence o f respiratory failure in this series was 59%. In indi
viduals who required mechanical ventilation, the survival rate 
was 31%. The average gestational age was 25 weeks, with a range

FIG 38-3 Pneumocystis jiroveci (formerly P. carinii) pneumonia with 
mixed interstitial and alveolar opacities, a ground-glass appearance.

k c a

FIG 38-4 Wright-Giemsa stain of Pneumocystis jiroveci (formerly 
P. carinii) pneumonia.

of 6 weeks’ gestation up to 1 week postpartum. Fifteen of the
22 patients had CD4+ counts performed, and the mean was 93 
cells/mm3. The patients in this series were treated with a variety 
of regimens, including trimethoprim-sulfamethoxazole alone, 
trimethoprim-sulfamethoxazole and steroids, and pentamidine
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834 Section VI Pregnancy and Coexisting Disease

isethionate. Six patients received trimethoprim-sulfamethoxazole 
alone, and six were given trimethoprim-sulfamethoxazole and 
steroids; four patients (66%) survived in each group. Only 12 
babies survived; five stillbirths were reported, and four neonates 
died shortly after birth. In this series, PJP pneumonia compli
cating pregnancy in the third trimester had a better maternal 
and fetal outcome compared with disease in the first or 
second trimester. Evidence also suggested that treatment 
with trimethoprim-sulfamethoxazole with or without ste
roids was associated with an increased survival rate. 0

The high mortality rate in this series may be skewed by the 
fact that this is a retrospective review, and severe cases are more 
likely to be reported than mild ones. In addition, all the women 
in this series were unaware of their HIV infection until the 
diagnosis of PJP was made; therefore none had received PJP 
prophylaxis.45

In summary, PJP pneumonia remains a dreaded complication 
of HIV infection and an AIDS-defining illness. The maternal 
and fetal mortality rate is very high when PJP complicates preg
nancy. Primary prophylaxis against PJP with trimethoprim- 
sulfamethoxazole in HIV-infected adults, including pregnant 
women and patients receiving highly active antiretroviral 
therapy (HAART), should begin when the CD4+ count is less 
than 200 cells/mm3 or when the patient has a history o f 
oropharyngeal candidiasis (see Chapter 53).46 Prophylaxis 
should be discontinued when the CD4+ cell count increases 
to more than 200 cells/mm3 for a period of 3 months.4-1 The use 
of HAART, as well as prophylaxis with trimethoprim- 
sulfamethoxazole, may decrease the incidence of PJP pneumonia 
in developed countries. However, many countries worldwide do 
not have the resources for HAART and therefore remain a res
ervoir for infection with PJP.

T U B E R C U L O S IS  IN P R E G N A N C Y
The incidence o fT B  in the United States began to decline in 
the early part of the twentieth century and fell steadily until 
1953, when the introduction of isoniazid led to a dramatic 
decrease, from 84,000 cases in 1953 to 22,255 cases in 1984.4 
However, since 1984, there have been significant changes in TB 
morbidity trends. From 1985 through 1991, reported cases of 
TB increased by 18% , representing about 39,000 more cases 
than expected had the previous downward trend continued. 
This increase is due to many factors, including the HIV epi
demic, deterioration in the health care infrastructure, and 
significantly more cases among immigrants.47 The emergence 
of drug-resistant TB has also become a serious concern. In 
New York City, in 1991, 33%  ofTB cases were resistant to at 
least one drug, and 19%  were resistant to both isoniazid 
(INH) and rifampin (RIF).48 Between 1985 and 1992, the 
number ofTB cases in women of childbearing age increased by 
40% .49 One report noted TB-complicated pregnancies in 94.8 
cases per 100,000 deliveries between 1991 and 1992.49'50

D iag n o sis
Most gravidae diagnosed with TB in pregnancy are asymptom
atic. The ATS and the Centers for Disease Control and Preven
tion (CDC) issued a statement on targeted tuberculin testing 
for latent tuberculosis infection (LTBI).51'32 This is a strategic 
component ofTB  control that identifies people at high risk for 
developing TB who would benefit from treatment of LTBI if 
detected. Those at risk include people who have had recent

BOX 38-1 HIGH-RISK FACTORS FOR TUBERCULOSIS

• C lose c o n ta c t w ith  p e o p le  kn o w n  o r  su sp e c te d  to  have 
tu b e rc u lo s is

• M e d ica l risk  fa c to rs  k n o w n  to  increase  risk  fo r  d isease if 
in fe c te d

• B irth  in a c o u n try  w ith  a h ig h  tu b e rc u lo s is  p re va le n ce
• M e d ic a lly  u n d e rs e rv e d  s ta tu s
• L o w  in c o m e
• A lc o h o l a d d ic tio n
• In tra v e n o u s  d ru g  use
• R e s idency in a lo n g -te rm  care fa c il ity  (e.g., c o rre c tio n a l 

in s titu t io n , m e n ta l in s t itu t io n , n u rs in g  h o m e  o r fa c ility )
• H ea lth  p ro fe s s io n a ls  w o rk in g  in h ig h -r is k  h e a lth  care 

fa c ilit ie s

BOX 38-2 CLINICAL RISK FACTORS FOR DEVELOPING 
ACTIVE TUBERCULOSIS

• H u m an  im m u n o d e fic ie n c y  v iru s  in fe c tio n
• R ecent tu b e rc u lo s is  in fe c tio n
• In je c tio n  d ru g  use
• S ilico s is
• S o lid  o rg a n  tra n s p la n ta tio n
• C h ro n ic  rena l fa ilu re
• J e ju n o ile a l b ypass
• D iabe tes  m e llitu s
• C a rc ino m a  o f th e  head o r  neck
• U n d e rw e ig h t by  >15%

infection with TB and those who have clinical conditions 
associated with an increased risk for progression o f LTBI to 
active TB (Boxes 38-1 and 38-2).

All gravidae at high risk for TB should be screened with 
tuberculin skin testing (TST) This is usually done with sub
cutaneous administration o f intermediate-strength purified 
protein derivative (PPD).51 If anergy is suspected, control anti
gens such as Candida, mumps, or tetanus toxoids should also be 
placed. The sensitivity o f the PPD is 90%  to 99%  for expo
sure to TB. The tine test is not recommended for screening 
because o f its low sensitivity.

The PPD remains the most commonly used screening test for 
TB. Three cut-off levels have been recommended for defining 
a positive tuberculin reaction: greater than 5 mm, greater 
than 10 mm, and 15 mm or more induration (Fig. 38-5). 
Induration o f greater than 5 mm is a positive reaction in 
individuals with highest risk for conversion to active TB (see 
Box 38-2). Interferon-y release assays (IGRAs), an alternative 
diagnostic tool for LTBI, have specificity o f greater than 95% 
for diagnosis o f latent TB infection.13 The sensitivity for 
T-SPOT. TB (Oxford Immunotec) appears to be higher than 
that o f the QuantiFERON TB Gold in-Tube (QFT-GIT) test 
(Cellestis Ltd., Melbourne, Australia) or TST, approximately 
90% , 80% , and 80% , respectively. CDC 2012  guidelines 
indicate that IGRAs can be used in place of, but not in addi
tion to, TST in all situations— including pregnancy—in 
which the CDC recommends TST as an aid in diagnosing 
Mycobacterium tuberculosis infection. IGRA results can be 
available in 24 to 48 hours, and no follow-up visit is required 
for diagnosis. Because IGRAs are not affected by Bacille
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Chapter 38 Respiratory Disease in Pregnancy 835

FIG 38-5 Positive purified protein derivative: induration >10 mm.

Calmette-Guerin (BCG) vaccination status, they are useful 
for evaluation o f LTBI in BCG-vaccinated individuals.

Immigrants from areas where TB is endemic may have 
received the BCG vaccine. Such individuals likely have a 
positive response to the PPD.’4 However, this reactivity 
should wane over time. Therefore the PPD can be used to 
screen these patients for TB unless their skin tests are known to 
be positive. If the BCG vaccine was given 10 years earlier and 
the PPD is positive with a skin test reaction o f 10 mm or 
more, that individual should be considered infected with TB 
and should be managed accordingly.14

Women with a positive PPD skin test must be evaluated for 
active TB with a thorough physical examination for extrapul- 
monary disease and a chest radiograph once they are beyond the 
first trimester. Symptoms o f active TB include cough (74%), 
weight loss (41%), fever (30%), malaise and fatigue (30%), 
and hemoptysis (19% ).55 Individuals with active pulmonary 
TB may have radiographic findings that include adenopathy, 
multinodular infiltrates, cavitation, loss of volume in the upper 
lobes, and upper medial retraction of hilar markings (Fig. 38-6). 
The finding o f acid-fast bacilli in early-morning sputum 
specimens confirms the diagnosis o f pulmonary TB. Two 
direct amplification tests (DATs) have been approved by the 
FDA, the Mycobacterium tuberculosis Direct test (MTD; 
Gen-Probe, San Diego, CA) and the Amplicor Mycobacte
rium tuberculosis (Amplicor MTB) test (Roche Diagnostic 
Systems, Branchburg, NJ).5S'5 Both tests amplify and detect 
M. tuberculosis 16S ribosomal DNA. W hen testing acid-fast 
stain smear-negative respiratory specimens, the specificity 
remains greater than 95%, but the sensitivity ranges from 40% 
to 77% .56,5 To date, these tests are FDA approved only for

FIG 38-6 Pulmonary tuberculosis.

testing acid-fast stain smear-positive respiratory specimens 
obtained from untreated patients or those who have received 
no more than 7 days o f anti-TB therapy.

Extrapulmonary TB occurs in up to 16% o f cases in the 
United States; however, in patients with AIDS, the pattern 
may occur in 60%  to 70% .58 Extrapulmonary sites include 
lymph nodes, bone, kidneys, and breasts. Extrapulmonary TB 
appears to be rare in pregnancy. Extrapulmonary TB that is 
confined to the lymph nodes has no effect on obstetric 
outcome, butTB at other extrapulmonary sites does adversely 
affect the outcome o f pregnancy/ ’ Rarely, mycobacteria invade 
the uteroplacental circulation, and congenital TB results.49 The 
diagnosis o f congenital TB is based on one o f the following 
factors: (1) demonstration o f primary hepatic complex or 
cavitating hepatic granuloma by percutaneous liver biopsy at 
birth; (2) infection o f the maternal genital tract or placenta; 
(3) lesions noted in the first week o f life; or (4) exclusion of 
the possibility o f postnatal transmission by a thorough inves
tigation o f all contacts, including attendants.4 ’

Prevention
Most gravidae with a positive PPD in pregnancy are asymp
tomatic with no evidence o f active disease and are therefore 
classified as having LTBI. The risk for progression to active 
disease is highest in the first 2 years o f conversion. It is impor
tant to prevent the onset of active disease while minimizing 
maternal and fetal risk. An algorithm for management of the 
positive PPD is presented in Figure 38-7. In women with a 
known recent conversion (2 years) to a positive PPD and no 
evidence o f active disease, the recommended prophylaxis is 
INH, 300 mg/day, starting after the first trimester and con
tinuing for 6 to 9 months. INH should be accompanied by 
pyridoxine (vitamin B6) supplementation, 50 mg/day, to 
prevent the peripheral neuropathy associated with INH 
treatment. Women with an unknown or prolonged duration of 
PPD positivity (>2 years) should receive INH, 300 mg/day, for 
6 to 9 months after delivery. INH prophylaxis is not recom
mended for women older than 35 years who have an unknown 
or prolonged PPD positivity in the absence o f active disease.
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836 Section VI Pregnancy and Coexisting Disease

PPD or IGRA positive
(without prior treatment)

FIG 38-7 Algorithm for the management of positive purified protein derivative (PPD). CX, culture; CXR, chest x-ray; IGRA, interferon-y release 
assay; INH, isoniazid.

The use of INH is discouraged in this group because of an 
increased risk for hepatotoxicity. INH is associated with 
hepatitis in both pregnant and nonpregnant adults. The risk 
for liver inflammation in pregnancy from INH use is rare, 
and therefore this therapy should be instituted when the risk 
for conversion to active disease is high.11 Monthly monitor
ing o f liver function tests may prevent this adverse outcome. 
Among individuals receiving INH, 10%  to 20%  develop 
mildly elevated liver (unction tests. These changes resolve 
once the drug is discontinued.

Treatm en t
The gravida with active TB should be treated initially 
with INH, 300 mg/day, combined with RIF, 600 mg/day 
(Table 38-1).60 Resistant disease results from initial infection 
with resistant strains (33%), or it can develop during therapy. 
If resistance to INH is identified or anticipated, ethambutol 
should be added, 2.5 g/day, and the treatment period should 
be extended to 18 months.' " Ethambutol is teratogenic in 
animals; however, this has not been demonstrated in humans. 
The most common side effect o f ethambutol therapy is optic 
neuritis. Streptomycin should be avoided during pregnancy 
because it is associated with eighth nerve damage in neo
nates.61 Antituberculous agents not recommended for use in 
pregnancy include ethionamide, streptomycin, capreomycin, 
kanamycin, cycloserine, and pyrazinamide. However, recent 
case reports that document use o f the above-mentioned anti
tuberculous agents in pregnancy have revealed no adverse 
fetal or neonatal effects. No congenital abnormalities were 
reported, and pregnancy outcome in the individuals treated was 
good.60 61 Untreated TB has been associated with higher mor
bidity and mortality among pregnant women; therefore the 
management of the gravida with multidrug-resistant TB should

be individualized. The patient should be counseled about the 
small risk for teratogenicity and the increased risk for maternal 
and fetal morbidity and mortality from progression of disease 
when treatment is delayed. The risk for postpartum transmis
sion ofTB to the baby may be higher among infants bom to 
mothers with drug-resistant TB.62 63 Therefore in patients 
with active disease at the time o f delivery, separation of the 
mother and newborn should be accomplished to prevent 
infection o f the newborn.

Women who are being treated with antituberculous drugs 
may breastfeed. Only 0.75%  to 2.3%  o f INH and 0.05% of 
RIF is excreted into breast milk. Ethambutol excretion into 
breast milk is also minimal. However, if  the infant is concur
rently taking oral antituberculous therapy, excessive drug levels 
may be reached in the neonate, and breastfeeding should be 
avoided. Breastfed infants o f women receiving INH therapy 
should receive a multivitamin supplement that includes pyri- 
doxine. Neonates o f women on antituberculous therapy 
should have a PPD skin test at birth and again at 3 months 
of age. Infants born to women with active TB at the time of 
delivery should receive INH prophylaxis (10 mg/kg/day) 
until maternal disease has been inactive for 3 months as 
evidenced by negative maternal sputum cultures. Active TB in 
the neonate should be treated appropriately with INH and RIF 
immediately upon diagnosis or with multiagent therapy should 
drug-resistant organisms be identified. Infants and children at 
high risk for intimate and prolonged exposure to untreated 
or ineffectively treated individuals should receive the BCG 
vaccine.

S u m m a ry
In summary, high-risk gravidae should be screened for TB 
and treated appropriately with INH prophylaxis for infection
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Chapter 38 Respiratory Disease in Pregnancy 837

TABLE 38-1 A N T IT U B E R C U L O S IS  D R U G S

DRUG FO RM  D A IL Y  DO SE W EEK LY DO SE M A JO R  A D V E R S E  R E A C TIO N S

First-Line Drugs (for Initial Treatment)
Isoniazid PO or IM  10 mg/kg up to 300 mg

Rifampin

Pyrazinamide 
Ethambutol

PO 10 mg/kg up to 600 mg

PO 15 to 30 mg/kg up to 2 g
PO 15 mg/kg up to 2.5 g

Streptomycin IM  15 mg/kg up to 1 g
Second-Line Drugs (Daily Therapy)
Capreomycin IM  15 to 30 mg/kg up to 1 g
Kanamycin IM  15 to 30 mg/kg up to 1 g
Ethionamide PO 15 to 20 mg/kg up to 1 g
Para-aminosalicylic PO 150 mg/kg up to 1 g

acid
Cycloserine ________ PO________ 15 to 20 mg/kg up to 1 g

15 mg/kg up to 900 mg

10 mg/kg up to 600 mg

50 to 70 mg/kg 
50 mg/kg

25 to 30 mg/kg up to 1 g

Hepatic enzyme elevation, peripheral neuropathy hepatitis, 
hypersensitivity 

Orange discoloration o f secretions and urine, nausea, 
vomiting, hepatitis, febrile reaction, purpura (rare) 

Hepatotoxicity, hyperuricemia, arthralgias, skin rash, GI upset 
Optic neuritis (decreased red-green color discrimination, 

decreased visual acuity), skin rash 
Ototoxicity, nephrotoxicity

Auditory, vestibular, and renal toxicity
Auditory and renal toxicity, rare vestibular toxicity
GI disturbance, hepatotoxicity, hypersensitivity
GI disturbance, hypersensitivity, hepatotoxicity, sodium load

Psychosis, convulsions, rash__________________________ ____

GI, gastrointestinal; IM, intramuscular; PO, by mouth.

without overt disease and with dual antituberculous therapy for 
active disease, and the newborn should also be screened for 
evidence of TB. Proper screening and therapy will result in a 
good outcome for mother and fetus in most cases.

A S T H M A  IN P R E G N A N C Y
Up to 8% of pregnancies are complicated by asthma, which may 
be the most common potentially serious medical condition to 
complicate pregnancy.64 In general, the prevalence of and mor
bidity from asthma are increasing; however, asthma mortality 
has decreased in recent years. Asthma is characterized by chronic 
airway inflammation with increased airway responsiveness to a 
variety of stimuli and airway obstruction that is partially or 
completely reversible. Insight into the pathogenesis of asthma 
has changed with the recognition that airway inflammation is 
present in nearly all cases. Current medical management for 
asthma emphasizes treatment o f airway inflammation to 
decrease airway responsiveness and prevent asthma symp
toms. The National Asthma Education and Prevention 
Program (NAEPP) Working Group has found that “it is safer 
for pregnant women with asthma to be treated with asthma 
medications than it is for them to have asthma symptoms 
and exacerbations.” '1

D iag n o sis
The enlarging uterus elevates the diaphragm about 4 cm with a 
reduction of the functional residual capacity (FRC). However, 
no clinically significant alterations occur in forced vital capacity 
(FVC), peak expiratory flow rate (PEFR), or forced expiratory 
volume in 1 second (FEV,) in normal pregnancy.

Diagnosis o f asthma in pregnancy is no different than for 
a nonpregnant patient. Asthma typically includes character
istic symptoms (wheezing, chest cough, shortness of breath, 
chest tightness), temporal relationships (fluctuating intensity, 
worse at night), and triggers (e.g., allergens, exercise, infec
tions). Wheezing on auscultation would support the diagnosis, 
but its absence does not rule it out. Ideally, such a diagnosis 
would be confirmed by demonstrating airway obstruction on 
spirometry that is at least partially reversible and greater than a 
12% increase in FEV! after inhalation of albuterol.65 66 However, 
reversible airway obstruction may not be demonstrable in some 
patients with asthma. In patients with a clinical picture

consistent with asthma in whom reversible airway obstruction 
cannot be demonstrated, a trial of asthma therapy is reasonable. 
In such patients, a positive response to asthma therapy can 
establish the presumptive diagnosis during pregnancy. If metha- 
choline testing is deemed necessary to confirm asthma, it should 
be delayed until postpartum.64

In patients who present with new respiratory symptoms 
during pregnancy, the most common differential diagnosis 
would be dyspnea (breathlessness) of pregnancy, which can 
usually be differentiated from asthma by its lack of cough, 
wheezing, chest tightness, or airway obstruction. Other differ
ential diagnosis considerations include gastroesophageal reflux, 
chronic cough from postnasal drip, and bronchitis.

The NAEPP defined mild intermittent, mild persistent, 
moderate persistent, and severe persistent asthma according 
to daytime and nighttime symptoms—wheezing, cough, 
or dyspnea—and objective tests o f pulmonary function. ’1 
The most commonly used pulmonary function parameters are 
the PEFR and FEV,. Current NAEPP guidelines suggest clas
sifying degree of asthma severity in patients not on controller 
medication and degree of asthma control in patients on control
ler medication (Table 38-2).65,66 In another study,6 pregnant 
patients who had mild asthma by symptoms and pulmonary 
function but who required regular medications to control 
their asthma were found to be similar to those with moderate 
asthma with respect to asthma exacerbations; those who required 
regular systemic corticosteroids to control asthma symptoms 
were similar to patients with severe asthma with respect to 
exacerbations. Using the Juniper Quality of Life Questionnaire, 
asthma-specific quality of life in early pregnancy was found to 
be related to subsequent asthma morbidity but not to perinatal 
outcomes.68

Effects of Pregnancy on A sth m a
Asthma during pregnancy has been associated with consider
able maternal morbidity. In a large prospective study, the 
effects of pregnancy on asthma were found to be variable: 23% 
improved and 30% become worse during pregnancy.67 Women 
with mild asthma had an exacerbation rate of 12.6% and a 
hospitalization rate of 2.3% ; those with moderate asthma had an 
exacerbation rate of 25.7% and a hospitalization rate of 6.8%; 
and those with severe asthma had an exacerbation rate of 51.9% 
and a hospitalization rate of 26.9% .6
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Section VI Pregnancy and Coexisting Disease

TABLE 38-2 C L A S S IF IC A T IO N  OF A S T H M A  S E V E R ITY  A N D  C O N T R O L  IN P R E G N A N T  P A T IE N T S

ASTHMA CONTROL* WELL CONTROLLED NOT WELL CONTROLLED
VERY POORLY 
CONTROLLED

Asthma severity*
Symptom frequency, albuterol use
Nighttime awakening
Interference w ith normal activity
FEVi or peak flow (% predicted/personal best)

M ild  intermittent 
<2 days/week 
<2 times/month 
None 
>80%

M ild persistent Moderate persistent 
>2 days/week but not daily D aily symptoms 
>2 times/month >1 time/week 
M inor lim itation Some lim itation 
>80% 60%  to 80%

Severe persistent 
Throughout the day 
>4 times/week 
Extremely lim ited 
<60%

Modified from Quick Reference NAEPP Expert Panel Report: Managing asthma during pregnancy: Recommendations for pharmacologic treatment—2004 update. J  A llergy Clin 
Imm unol. 2005; 115:34-36.
*Assess in patients on long-term-control medications to determine whether step-up, step-down, or no change in therapy is indicated. 
f Assess severity in patients who are not on long-term-control medications; see Table 38-5 to determine starting controller therapy based on severity.
FEVi, forced expiratory volume in 1 second.

Effects of A sth m a on Pregnancy
Compared with women without a history o f asthma, women 
with asthma have been reported to have higher risks for 
complications o f pregnancy even after adjustment for poten
tial con founders.6

In a 2013 retrospective cohort study based on medical record 
data from 12 clinical centers in the United States from 2002 to 
2008, Mendola and colleagues70 found that the 17,404 gravidae 
with asthma had increased risks for nearly all outcomes studied. 
Women with asthma had significantly higher adjusted odds 
ratios for preeclampsia (1.14; 95% CI, 1.06 to 1.22), superim
posed preeclampsia (1.34; CI, 1.15 to 1.56), gestational diabetes 
(1.11; CI, 1.03 to 1.19), placental abruption (1.22; CI, 1.09 to 
1.36), placenta previa (1.30; CI, 1.08 to 1.56), and maternal 
seizures (1.79; CI, 1.21 to 2.63). Asthmatic women had higher 
odds of preterm birth (1.17; CI, 1.12 to 1.23), preterm prema
ture rupture of the membranes (PPROM; OR, 1.18; CI, 1.07 
to 1.30), medically indicated preterm delivery (1.14; CI, 1.01 
to 1.29), breech presentation (1.13; CI, 1.05 to 1.22), hemor
rhage (1.09; CI, 1.03 to 1.16), pulmonary embolism (1.71; CI,
1.05 to 2.79), and maternal ICU admission (1.34; CI, 1.04 to 
1.72). Patients with asthma were less likely to have spontaneous 
labor (0.87; CI, 0.84 to 0.90) and vaginal delivery (0.84; CI, 
0.80 to 0.87).

A significant increase in congenital malformations (adjusted 
OR, 1.48; CI, 1.04 to 2.09) has also been associated with exac
erbations during the first trimester.71 Although residual con
founding or common pathogenic factors may explain some of 
these associations, observational data that show strong associa
tions between poor asthma control (based on symptoms, pul
monary function, or exacerbations) and these increased risks 
suggest potential benefits of active asthma management in preg
nancy in terms of improved pregnancy outcomes.69'72'73 Prospec
tive studies that actively managed asthma during pregnancy 
have generally had excellent perinatal outcomes. 1 9 Signifi
cantly increased adverse outcomes included preterm birth before 
37 weeks’ gestation among those who had severe disease or 
required oral corticosteroids, increased preeclampsia and growth 
restriction among those with daily symptoms, and an increased 
rate of cesarean delivery among those with moderate or severe 
asthma.73 ,8 Although these studies show that the gravida with 
mild or moderate asthma can have excellent maternal and peri
natal outcomes, important caveats apply when interpreting 
them. Prospective studies have tended to find fewer significant 
adverse associations, possibly because of better asthma surveil
lance and treatment. In addition, women who enroll in research 
studies tend to be more compliant and better motivated than

the general public. The lack of finding more adverse outcomes 
among women with severe persistent asthma may also be a func
tion of the relatively small numbers and the resulting lack of 
statistical power. Nonetheless, these prospective studies are reas
suring in their consensus of good pregnancy outcomes, and they 
do not contradict that suboptimal control of asthma during 
pregnancy is associated with increased risk to the mother and 
baby.63’78 In fact, a significant relationship has been reported 
between lower FEV] during pregnancy and increased risk for 
low birthweight and prematurity.80

A sth m a M an ag em en t
The ultimate goal of asthma therapy during pregnancy is to 
maintain adequate oxygenation of the fetus by prevention of 
hypoxic episodes in the mother. Other goals include achieve
ment of minimal or no maternal symptoms day or night, 
minimal or no exacerbations, no limitations of activities, main
tenance of normal or near-normal pulmonary function, minimal 
use of albuterol, and minimal or no adverse effects from medica
tions. Consultation or comanagement with an asthma specialist 
may aid in the evaluation of the role of allergy and irritants, 
completion pulmonary function tests, or reevaluation of the 
medication plan should difficulties arise in achieving the goals 
of therapy or if  the patient has severe asthma. Effective manage
ment o f asthma during pregnancy relies on four integral 
components: (1) objective measures for assessment and mon
itoring, (2) patient education, (3) avoidance or control of 
asthma triggers, and (4) pharmacologic therapy.

O b jective M easu res for A sse ssm e n t  
and M onitoring
Subjective measures of lung function by either the patient or 
physician can be an insensitive and inaccurate assessment of 
airway hyperresponsiveness, airway obstruction, and asthma 
severity. The FEV! is the single best measure o f pulmonary 
function. When adjusted for confounders, a mean FEV! lower 
than 80% predicted has been found to be significantly associated 
with increased preterm delivery before 32 weeks and before 37 
weeks and birthweight less than 2500 g.80 However, measure
ment of FEVi requires a spirometer. The PEFR correlates well 
with the FEVi and has the advantage that it can be measured 
reliably with inexpensive, disposable, portable peak flowme
ters. Self-monitoring of PEFR provides valuable insight into the 
course of asthma and helps detect early signs of deterioration so 
that timely therapy can be instituted. Because many pregnant 
women have increased symptoms, even those with mild or well- 
controlled disease need to be monitored with PEFR and FEV]
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Chapter 38 Respiratory Disease in Pregnancy 839

testing as well as by observing their symptoms during preg
nancy.65 The typical PEFR in pregnancy is 380 to 550 L/min. 
The patient should establish her “personal best” PEFR then 
calculate her individualized PEFR zones: green greater than 
80%, yellow 50% to 80%, and red zone less than 50% of per
sonal best PEFR.

Patient Ed u catio n
The patient should be made aware that controlling asthma 
during pregnancy is especially important for the well-being of 
the fetus. She should have a basic understanding of the medical 
management of asthma during pregnancy, including self
monitoring of PEFRs and the correct use of inhalers. She should 
be instructed on proper PEFR technique: make the measure
ment while standing, take a maximal inspiration, and note the 
reading on the peak flowmeter. Women who smoke should be 
encouraged to quit. Active smoking, but not passive smoking, 
has been associated with increased asthma symptoms and fetal 
growth abnormalities.81 Women should also be instructed to 
avoid and control other asthma triggers.

All patients should be educated regarding the relationship 
between asthma and pregnancy: instruction about self-treatment 
should include inhaler techniques, the importance of adherence 
to medication, and control of potential environmental triggers. 
The patient should know that discontinuation of medications 
during pregnancy is associated with more severe asthma for all 
categories of asthma severity.82 Caregivers should discuss self- 
reported adherence to treatment with controller medication, and 
they should address any barriers to optimal adherence (e.g., cost, 
convenience, concern about side effects). The importance of 
adherence to treatment should be stressed. Advice on environ
mental control measures for reducing exposure to allergens can 
be provided on the basis of the results of allergy testing.

Patients should be provided with a schedule for maintenance 
medications and doses of rescue therapy for increased symptoms. 
It is important to explain when and how to increase controller 
medications, when and how to use prednisone, how to recognize 
a severe exacerbation, and when and how to seek urgent or 
emergency care. A written asthma action plan is optimal, an 
example of which is available at http://www.nhlbi.nih.gov/files/ 
docs/public/lung/as thma_actplan.pdf.

A vo id an ce or Control of A sth m a  Trig g ers
Limiting adverse environmental exposures during pregnancy 
is important for controlling asthma. Irritants and allergens 
that provoke acute symptoms also increase airway inflamma
tion and hyperresponsiveness. Avoiding or controlling such 
triggers can reduce asthma symptoms, airway hyperrespon
siveness, and the need for medical therapy.66 Association of 
asthma with allergies is common; 75% to 85% of patients with 
asthma have positive skin tests to common allergens that include 
animal dander, house dust mites, cockroach antigens, pollens, 
and molds. Other common nonimmunologic triggers include 
tobacco smoke, strong odors, air pollutants, food additives such 
as sulfites, and certain drugs including aspirin and P-blockers. 
Another trigger can be strenuous physical activity. For some 
patients, exercise-induced asthma can be avoided with inhala
tion of albuterol 10 to 30 minutes before exercise.

Specific measures for avoiding asthma triggers include using 
allergen-impermeable mattress and pillow covers, removing car
peting, weekly washing of bedding in hot water, avoiding 
tobacco smoke, inhibiting mite and mold growth by reducing

TABLE 38-3

STEP

STEP T H E R A P Y  M E D IC A L  M A N A G E M E N T  

OF A S T H M A  D U R IN G  P R E G N A N C Y

1. No daily medications; albuterol as needed
2. Low-dose inhaled corticosteroid 

(alternatives: LTRA or theophylline*)
3. Medium-dose inhaled corticosteroid+ 

(alternatives: low-dose inhaled 
corticosteroid and LABA, LTRA, or 
theophylline*)

4. M edium-dose inhaled corticosteroid and 
LABA (alternatives: medium-dose inhaled 
corticosteroid plus LTRA or 
theophylline*)

5. High-dose inhaled corticosteroid and 
LABA

6. High-dose inhaled corticosteroid and 
LABA and oral prednisone

ASTHMA SEVERITY

M ild intermittent 
M ild  persistent

Moderate persistent

Moderate persistent

Severe persistent 

Severe persistent

Modified from Quick Reference NAEPP Expert Panel Report: Managing asthma during 
pregnancy: Recommendations for pharmacologic treatment—2004 update. J  A llergy Clin 
Immunol. 2005;115:34-36.
* Theophylline (serum level, 5-12 |Ig/mL).
^ e  have modified step 3 to reflect the choice of a medium-dose inhaled corticosteroid 
over a low-dose inhaled corticosteroid plus a LABA because of the lack of safety data on 
the use of a LABA during pregnancy.
LABA, long-acting P-agonist; LTRA, leukotriene-receptor agonist.

humidity, and leaving the house when it is vacuumed. Stuffed 
animals in the bed can also be a trigger. Ideal animal dander 
control involves removing the pet from the home; allergic 
women should at least keep furry pets out of the bedroom. 
Cockroaches can be controlled by poison baits or traps and 
eliminating exposed food or garbage.

The use of allergen immunotherapy, or “allergy shots,” has 
been shown to be effective in improving asthma in allergic 
patients.66 However, anaphylaxis is a risk for allergy injections— 
especially early in the course of immunotherapy, when the dose 
is being escalated— and anaphylaxis during pregnancy has been 
associated with fetal and maternal death. In a patient who is 
receiving a maintenance or near-maintenance dose, not experi
encing adverse reactions to the injections, and apparently deriv
ing clinical benefit, continuation of immunotherapy is 
recommended.69 In such patients, a dose reduction may be con
sidered to further decrease the chance of anaphylaxis. Risk- 
benefit considerations do not usually favor beginning allergy 
shots during pregnancy.

Ph arm aco lo g ic Th erap y
Medications for asthma are divided into long-term control
lers that prevent asthma manifestations— inhaled corticoste
roids, long-acting P-agonists, leukotriene modifiers, and 
theophylline— and rescue therapy, such as with albuterol, to 
provide quick relief o f symptoms.

Women who have previously been prescribed asthma medica
tions should be asked about their use to classify their current 
level of therapy according to a step-care approach (Table 38-3) 
and to assess potential adherence problems and barriers. Asthma 
medication has been reported to significantly decline in the 
first trimester according to the number o f prescriptions 
filled; a 23%  decrease in inhaled corticosteroids, a 13%  
decrease in p-agonist, and a 54%  decrease in rescue cortico
steroids was noted.83 Moreover, a substantial proportion of 
asthma exacerbations during pregnancy have been associated 
with nonadherence to inhaled corticosteroids. In addition to
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assessing adherence, asking about past medications and their 
effectiveness and any side effects can help guide subsequent 
management decisions.

It is safer for pregnant women with asthma to be treated 
with asthma medications than it is for them to have asthma 
symptoms and exacerbations.64 Typical dosages of commonly 
used asthma medications are listed in Table 38-4. Low, medium, 
and high doses of inhaled corticosteroid are presented in Table 
38-5. The step-care therapeutic approach uses the least amount 
of drug intervention necessary to control a patient’s severity of 
asthma.

Step Therapy
The step-care therapeutic approach increases the number and 
frequency o f medications with increasing asthma severity.64 66 
Based on clinical trials in patients with varying degrees of 
disease severity, medications (see Table 38-3) are considered 
to be “preferred” or “alternative” at each step o f therapy. 
Patients who do not respond optimally to treatment should 
be stepped up to more intensive medical therapy. Patients 
with poorly controlled asthma should generally be stepped up 
one step, and those with very poorly controlled asthma (see 
Table 38-2) should be increased by two steps.69 Once control is 
achieved and sustained for several months, a step-down approach 
can be considered but should be undertaken cautiously and 
gradually to avoid compromising the stability of the asthma 
control. For some patients, it may be prudent to postpone 
attempts to reduce therapy that is effectively controlling the

TABLE 38-4 T Y P IC A L  D O S A G E S  OF 

A S T H M A  M E D IC A T IO N S

Albuterol MDI 2 to 4 puffs every 4-6  hours as needed
Salmeterol DPI 1 blister 2 times/day
Formoterol 1 capsule 2 times/day
Fluticasone/ 1 inhalation 2 times/day; strength (100, 250, 500)

salmeterol depends on severity o f asthma
(Advair) DPI

Montelukast 10-mg tablet at night
Zafirlukast 20-m g tablet twice daily
Prednisone 7.5 to 60 mg/day for active symptoms or

maintenance therapy for severe persistent asthma
Theophylline Start 200 mg 2 times/day orally, target serum levels 

of 5 to 12 (Ig/mL (decrease dosage by half if 
treated w ith erythromycin or cimetidine)

Ipratropium MDI 2 to 3 puffs every 6 hours

Modified from Quick Reference NAEPP Expert Panel Report: Managing asthma during 
pregnancy: Recommendations for pharmacologic treatment—2004 update. J  A llergy Clin 
Immunol. 2005;115:34-36.
DPI, dry-powder inhaler; MDI, metered-dose inhaler.

patient’s asthma until after delivery.6 ' In the case of a patient 
who had a favorable response to an alternative drug before 
becoming pregnant, it would be appropriate to maintain the 
therapy that successfully controlled the patient’s asthma before 
pregnancy. However, when initiating new treatment for asthma 
during pregnancy, preferred medications should be considered 
first rather than alternative treatment options.6-1

Inhaled Corticosteroids
Inhaled corticosteroids are the preferred treatment for the 
management o f all levels o f persistent asthma during preg
nancy.64 Airway inflammation is present in nearly all cases; 
therefore inhaled corticosteroids have been advocated as first- 
line therapy even for patients with mild persistent asthma. In a 
prospective observational study of 504 pregnant women, those 
who were not in itially treated with inhaled budesonide or beclo- 
methasone had a 17% acute exacerbation rate, compared with 
only a 4% rate among those treated with inhaled corticosteroids 
from the start of pregnancy. Randomized controlled trials with 
pregnant patients have shown that inhaled beclomethasone is 
more effective than theophylline in improving pulmonary func
tion ’ and that prescribing inhaled beclomethasone in addition 
to oral corticosteroids and inhaled P-agonists at the time of 
discharge after hospitalization for asthma reduces subsequent 
asthma readmissions compared with oral corticosteroids and 
inhaled (3-agonists alone.84

No consistent evidence links inhaled corticosteroid use to 
increases in congenital malformations or adverse perinatal 
outcomes.64,85 Because more data are available on budesonide 
use during pregnancy, it is the preferred inhaled corticosteroid,86 
and it is the only inhaled corticosteroid with an FDA pregnancy 
category B rating. However, if  asthma is well controlled by a 
different inhaled corticosteroid, it may be continued during 
pregnancy. No human pregnancy data are available for the glu
cocorticoid ciclesonide.83

Inhaled ^-A g on ists
As-needed use o f inhaled P2'agonists is currently recom
mended for all levels o f asthma during pregnancy.64 Albuterol 
has a rapid onset of effect in the relief of acute bronchospasm 
through smooth muscle relaxation and is an excellent broncho- 
protective agent for pretreatment before exercise; however, ($2- 
agonists are associated with tremor, tachycardia, and palpitations. 
They do not block the development of airway hyperresponsive
ness. An increased frequency o f bronchodilator use could be 
an indicator o f the need for additional antiinflammatory 
therapy. Appropriate P^-agonist use appears to be safe during 
pregnancy.64,8.

TABLE 38-5 C O M P A R A T IV E  D A IL Y  D O SE S FOR IN H A L E D  C O R T IC O S T E R O ID S

DAILY DOSE* LOW DOSE MEDIUM DOSE HIGH DOSE

Beclomethasone MDI 40 to 80 (ig/puff 80 to 240 (Ig 240 to 480 (ig >480 fig
Budesonide DPI 90 or 180 |Ig/inhalation 180 to 540 (ig 540 to 1080 (ig >1080 (ig
Flunisolide MDI 80 (Ig/puff 320 |xg 320 to 640 (ig >640 (ig
Fluticasone MDI 44, 110, or 220 (Xg/puff 88 to 264 (ig 264 to 440 (ig >440 (ig
Fluticasone DPI 50, 100, or 250 Jig/inhalation 100 to 300 Hg 300 to 500 (ig >500 Hg
Mometasone DPI 110 or 220 |Ig/inhalation 110 to 220 (Ig 220 to 440 fig >440 (ig
Ciclesonide MDI 80 or I60(lg/puff 160 to 320 (ig 320 to 640 (ig >640 (ig

Modified from Asthma Care Quick Reference 2012. National Institutes of Health publication No. 12-5075. Available at http://www.nhlbi.nih.gov/files/docs/guidelines/asthma_qrg.pdf. 
*Note that total daily puffs are usually divided as a twice-a-day regimen.
DPI, dry-powder inhaler; MDI, metered-dose inhaler.
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Salmeterol and formoterol are long-acting (3-agonist (LABA) 
preparations. Although human data are limited, the safety of 
LABAs during human pregnancy is considered likely based on 
the inhalational route and the generally reassuring data for short- 
acting P-agonists in addition to animal data.64,85 LABAs should 
only be used in combination with inhaled corticosteroids during 
pregnancy, and they have been shown to be more effective than 
leukotriene-receptor antagonists (LTRAs) and theophylline as 
add-on therapy to inhaled corticosteroids.66 The efficacy of these 
drugs during pregnancy is largely extrapolated from studies per
formed in nonpregnant patients.

Omalizumab
Omalizumab is a humanized monoclonal antibody to immuno
globulin (Ig) E and is an FDA category B drug. An observational 
registry (the Xolair Pregnancy Registry [EXPECT]) to evaluate 
exposure to omalizumab had 128 outcomes as of July of 2011. 
The number of miscarriages (8), fetal deaths (1), preterm deliver
ies (19), and major birth defects (5) were not inconsistent with 
expectations for women with moderate to severe asthma.88 
Because of the paucity of safety data and the potential risk of 
anaphylaxis, omalizumab should not be initiated during preg
nancy; a possible exception may be the patient who has allergies 
and remains uncontrolled despite medical management pre
sented in Table 38-3. However, it would seem reasonable to 
continue omalizumab among women with severe asthma who 
become pregnant.

Theophylline
Theophylline is an alternative treatment for mild and moderate 
persistent asthma during pregnancy (see Table 38-3).64 Subjec
tive symptoms of adverse theophylline effects include insomnia, 
heartburn, palpitations, and nausea; high doses have been 
observed to cause jitteriness, tachycardia, and vomiting in neo
nates. Dosing guidelines have recommended that serum the
ophylline concentrations be maintained at 5 to 12 |ig/mL 
during pregnancy.64 Treatment with cimetidine, erythromycin, 
or azithromycin can decrease clearance with resultant toxicity; 
in such cases it may be appropriate to decrease the dosage of 
theophylline by half.79 Theophylline is only indicated for chronic 
therapy and is not effective for the treatment of acute exacerba
tions during pregnancy.

Theophylline has not been shown to be associated with con
genital anomalies.64'85 In one randomized controlled trial, no 
differences were found in asthma exacerbations or perinatal out
comes in a cohort that received theophylline compared with the 
cohort that received inhaled beclomethasone. 9 However, the the
ophylline cohort had significantly more reported side effects and 
discontinuation of study medication, and they had an increased 
proportion of those with an FEVi lower than 80% predicted.

Leukotriene Moderators
Leukotrienes are arachidonic acid metabolites that have been 
implicated in causing bronchospasm, mucous secretion, and 
increased vascular permeability. Bronchoconstriction associated 
with aspirin ingestion can be blocked by LTRAs. Montelu- 
kast and zafirlukast are both designated pregnancy category B. 
Although human data are limited for LTRA use in pregnancy, 
their use has not been associated with an increase in congeni
tal anomalies.85,89 Leukotriene modifiers are less effective as 
single agents than inhaled corticosteroids and are less effec
tive than LABAs as add-on therapy.66

Oral Corticosteroids
Prednisone is indicated for the maintenance therapy of severe 
persistent asthma (see Tables 38-3 and 38-4). For outpatient 
treatment of acute exacerbations, prednisone may be given 40 
to 60 mg per day in one or two divided doses for 3 to 10 days.64 
In a retrospective study, pregnant asthmatic women were found 
to be undertreated with systemic corticosteroids when compared 
with nonpregnant patients in an emergency department (ED); 
they were also nearly 4 times more likely to return to the same 
ED within 2 weeks for asthma symptoms.90

Oral corticosteroid use during the first trimester of pregnancy 
was associated with a threefold increased risk for isolated cleft 
lip (background incidence is about 0.1%) with or without cleft 
palate.64'85 Oral corticosteroid use has also been associated with 
an increased incidence of preeclampsia, preterm delivery, and 
low birthweight.73,75,85,87 However, it is difficult to separate the 
effects of the oral corticosteroids on these outcomes from the 
effects of severe or uncontrolled asthma. Because of the uncer
tainties in these data and the definite risks of severe uncontrolled 
asthma to the mother and fetus, the NAEPP recommends the 
use o f oral corticosteroids when indicated for the long-term 
management o f severe persistent asthma or for exacerbations 
during pregnancy.6 ‘

Management of Allergic Rhinitis and 
Gastroesophageal Reflux
Rhinitis, sinusitis, and gastroesophageal reflux may exacer
bate asthma symptoms, and their management should be 
considered an integral aspect o f asthma care. Intranasal cor
ticosteroids are the most effective medications for control of 
allergic rhinitis. Loratadine and cetirizine are recommended 
second-generation antihistamines. Oral decongestant ingestion 
during the first trimester has been associated with gastroschisis; 
therefore short-term (<3 days) intranasal decongestants or intra
nasal corticosteroids should be considered before use of oral 
decongestants.64 Controlling gastroesophageal reflux with acid 
reducers may improve asthma control.

Antenatal Asthma Management
In general, data are lacking to guide the optimal obstetric man
agement of the woman with asthma, and recommendations are 
based on extrapolation of data from other clinical settings and 
expert opinion.69 Women with asthma should be offered influ
enza vaccination as appropriate. Patients with persistent asthma 
should be considered to be at risk for pregnancy complications. 
Adverse outcomes can be increased by underestimation of 
asthma severity and undertreatment of asthma. The first prenatal 
visit should include a detailed medical history with attention to 
coexisting medical conditions that could complicate the man
agement of asthma, including rhinitis, sinusitis, reflux, or 
depression. The patient should be questioned about smoking 
history and the presence and severity of symptoms, episodes of 
nocturnal asthma, the number of days of work missed, and 
emergency care visits associated with asthma. Asthma severity or 
control should be determined (see Table 38-2). The type and 
amount of asthma medications, including the number of puffs 
of albuterol used per week, should be noted.

Those with moderate or severe asthma should have schedul
ing of prenatal visits based on clinical judgment. In addition to 
routine care, monthly or more frequent evaluations of asthma 
history (emergency visits, hospital admissions, symptom fre
quency, symptom interference with sleep or activity, medications,
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dosages, and compliance) and pulmonary function (FEV, or 
PEFR) are recommended. Patients should be instructed on 
proper dosing and administration of their asthma medications.

Daily PEFR monitoring should be considered for patients 
with moderate or severe asthma and especially for patients who 
have difficulty perceiving signs of worsening asthma. It may be 
helpful to maintain an asthma diary that contains daily assess
ment of asthma status and includes PEFR measurements, symp
toms and activity limitations, doctor visits, and a record of 
regular and as-needed medications taken. Identifying and avoid
ing asthma triggers, especially smoking, can lead to improved 
maternal well-being with less need for medications. Specific 
recommendations can be made for appropriate environmental 
controls based on the patient’s history of exposure and, when 
available, results of blood or skin testing for IgE—mediated sen
sitivity to inhalant allergen asthma triggers.

Women with asthma that is not well controlled, or those 
who have an exacerbation, may benefit from additional fetal 
surveillance in the form o f ultrasound examinations and 
antenatal fetal testing.64 Because asthma has been associated 
with intrauterine growth restriction (IUGR) and preterm birth, 
it is useful to establish pregnancy dating accurately by first- 
trimester ultrasound. The intensity of antenatal surveillance of 
fetal well-being should be considered on the basis of the severity 
of the asthma as well as any other high-risk features of the preg
nancy that may be present.

Home Management of Asthma Exacerbations
An asthma exacerbation that causes minimal problems for the 
mother may have severe sequelae for the fetus. Patients should 
be instructed on rescue management and should be educated to 
recognize signs and symptoms of early asthma exacerbations 
such as coughing, chest tightness, dyspnea, or wheezing or by a 
20% decrease in their PEFR. This is important so that prompt 
home rescue treatment may be instituted to avoid maternal and 
fetal hypoxia. In general, patients should use inhaled albuterol,
2 to 4 puffs every 20 minutes for up to 1 hour (Box 38-3). The

response is considered good i f  symptoms are resolved or if 
they become subjectively mild, normal activities can be 
resumed, and the PEFR is more than 80%  o f the personal 
best. For asthma exacerbations that can be managed at home, a 
course of oral prednisone is recommended, 40 to 60 mg per day 
in a single dose or in two divided doses for 3 to 10 days.64 The 
patient should seek further medical attention if  the response is 
incomplete or if  fetal activity is decreased.

Hospital and Emergency Department Management of 
Asthma Exacerbations
The principal goal should be the prevention o f hypoxia.
Measurement of oxygenation through pulse oximetry is essential, 
and arterial blood gases may be obtained if  oxygen saturation 
remains less than 95%. Chest radiographs are not commonly 
needed. Continuous electronic fetal monitoring should be 
initiated i f  gestation has advanced to the point o f potential 
fetal viability. Albuterol (2.5 to 5 mg every 20 minutes for 
three doses, then 2.5 to 10 mg every 1 to 4 hours as needed, 
or 10 to 15 mg/hour continuously) should be delivered by a 
nebulizer driven with oxygen.64 Occasionally, nebulized treat
ment is not effective because the patient is moving air poorly; 
in such cases, 0.25 mg terbutaline can be administered sub- 
cutaneously every 20 minutes for three doses. Guidelines for 
the management of asthma exacerbations are presented in 
Box 38-4.

Systemic glucocorticoids are indicated for those with a poor 
response to treatment after 1 hour or as initial therapy for 
those who were taking prednisone. Methylprednisolone, pred
nisolone, or prednisone should be given 40 to 80 mg/day in a 
single or divided dose until peak flow reaches 70% of predicted 
or personal best, and then the dosage is tapered as the patient 
improves.6"* For patients who have a severe exacerbation, a higher 
initial dose of 120 to 180 mg/day given over 3 to 4 divided doses 
should be continued for 48 hours and then tapered as above.64,66 
In severe exacerbations if  the patient is unresponsive to the 
initial regimen, consider treatment with magnesium sulfate, a 
bronchodilator.

Labor and Delivery Management of Asthma
Asthma medications should not be discontinued during 
labor and delivery. Although asthma is usually quiescent during 
labor, consideration should be given to assessing PEFR. The 
patient should be kept hydrated and should receive adequate 
analgesia to decrease the risk for bronchospasm. It is com
monly recommended that women who are currently taking sys
temic corticosteroids or who have received several short courses 
of systemic corticosteroids during pregnancy receive IV corti
costeroids (e.g., hydrocortisone at a dose of 100 mg every 8 
hours) during labor and for 24 hours after delivery to prevent 
adrenal crisis.69 An elective delivery should be postponed if 
the patient is having an exacerbation. It is rarely necessary to 
perform a cesarean delivery for an acute asthma exacerbation; 
maternal and fetal compromise usually respond to aggressive 
medical management.

Prostaglandin E2 (PGE2) or PGE] can be used for cervical 
ripening, management of spontaneous or induced abortions, 
or postpartum hemorrhage, although the patient’s respiratory 
status should be monitored.61 Methylergonovine and especially 
carboprost (15-methyl PGF2a) can cause bronchospasm.65 
If tocolysis is needed, magnesium sulfate and terbutaline 
are preferable because they are bronchodilators; in contrast,

BOX 38-3 HOME MANAGEMENT OF ACUTE 
ASTHMA EXACERBATIONS

Use albuterol MDI 2 to 4 puffs and measure PEFR.
P oor response:

• If PEFR is <50 %  predicted and severe wheezing and 
shortness of breath occur or decreased fetal 
movement is apparent, repeat albuterol 2 to 4 puffs 
by MDI and seek emergency care.

Incom ple te response:
• If PEFR is 5 0 %  to 8 0% predicted or if persistent 

wheezing and shortness of breath occur, repeat 
albuterol treatment 2 to 4 puffs by MDI at 20-minute 
intervals up to two more times. If repeat PEFR is 5 0 %  
to 8 0% predicted or if decreased fetal movement is 
noted, contact caregiver or seek emergency care.

G ood response:
• If PEFR is >80% predicted, no wheezing or shortness 

of breath occur, and the fetus is moving normally, 
the patient can continue inhaled albuterol, 2 to 4 
puffs by MDI, every 3 to 4 hours as needed.

Modified from  Quick Reference NAEPP Expert Panel Report: Managing 
asthma during pregnancy: Recommendations fo r pharmacologic treat
ment— 2004 update. J  A lle rg y  C lin Im m u n o l. 2005;115:34-36.
MDI, metered-dose inhaler; PEFR, peak expiratory flow  rate.
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BOX 38-4 EMERGENCY DEPARTMENT AND HOSPITAL-BASED MANAGEMENT OF ASTHMA EXACERBATION

Initial Assessment and Treatment
History and examination (auscultation, use of accessory
muscles, heart rate, respiratory rate), PEFR or FEV,, oxygen
saturation, and other tests as indicated:
• If severe exacerbation (FEV, or PEFR is < 5 0 %  with severe 

symptoms at rest), high-dose albuterol by nebulization 
every 20 minutes or continuously for 1 hour, inhaled 
ipratropium bromide, and systemic corticosteroids

• Initiate fetal assessment (consider fetal monitoring and/or 
BPP if fetus is potentially viable)

• Albuterol by MDI or nebulizer, up to three doses in the 
first hour

• Oral corticosteroid if no immediate response is seen 
or if the patient was recently treated with a systemic 
corticosteroid

• Oxygen to maintain pulse oximetry saturation >95%
• Repeat assessment: symptoms, physical examination, 

PEFR, oxygen saturation
• Continue albuterol every 60 minutes for 1 to 3 hours 

provided improvement is evident

Repeat Assessment
• Symptoms, physical examination, PEFR, oxygen 

saturation, other tests as needed
• Continue fetal assessment

Good Response

• FEV, or PEFR > 70 %
• Response sustained 60 minutes after last treatment
• No distress
• Physical examination: normal
• Reassuring fetal status
• Discharge home

Incomplete Response

• FEV, or PEFR > 5 0 %  but < 70 %
• Mild or moderate symptoms
• Continue fetal assessment until patient has stabilized

• M o n ito r FEV, or PEFR, oxygen saturation, pulse
• Continue inhaled albuterol and oxygen
• Inhaled ipratrop ium  brom ide
• System ic (oral or intravenous) corticosteroid
• Individualize decision fo r hospitalization

P oor R esponse
• FEV, or PEFR <50%
• Pco2 >42 m m  Hg
• Physical exam ination: sym ptom s severe, drowsiness, 

confusion
• Continue fetal assessm ent
• A d m it to ICU

Im p e n d in g  or A ctu a l R e s p ira to ry  A rre s t
• A d m it to ICU
• Intubation and m echanical ventilation w ith 100%  

oxygen
• Nebulized albuterol plus inhaled ipratrop ium  brom ide
• Intravenous corticosteroid

In te n s iv e  C are  U n it
• Inhaled albuterol hourly or continuously plus inhaled  

ipratrop ium  brom ide
• Intravenous corticosteroid
• Oxygen
• Possible intubation and m echanical ventilation
• Continue fetal assessm ent until patient has stabilized

D isch arg e  H o m e
• Continue treatm ent w ith  albuterol
• Oral systemic corticosteroid if indicated
• Initiate or continue inhaled corticosteroid until review  at 

m edical fo llow -up
• Patient education:

• Review  m edicine use
• Review /initiate action plan
• Recom m end close m edical fo llow -up

Modified from  Quick Reference NAEPP Expert Panel Report: Managing asthma during pregnancy: Recommendations fo r pharmacologic treatm ent— 2004 
update. J  A lle rg y  C lin Im m u n o l. 2005;115:34-36.
BPP, biophysical profile; FEVh forced expiratory volum e in 1 second; ICU, intensive care unit; MDI, Metered-dose inhaler; Pco2, partial pressure of carbon 
dioxide; PEFR, peak expiratory flow  rate.

indomethacin might induce bronchospasm in the aspirin- 
sensitive patient.65 Use of calcium channel blockers for tocolysis 
among patients with asthma has not been reported, although an 
association with bronchospasm has not been observed with wide 
clinical use. Nonselective [3-blockers may trigger bronchospasm.

Lumbar anesthesia has the benefit of reducing oxygen con
sumption and minute ventilation during labor. Fentanyl or 
butorphanol may be safer than morphine or meperidine, which 
can cause histamine release, but evidence of bronchospasm 
during labor is lacking. Communication among the obstetric, 
anesthetic, and pediatric caregivers is important for optimal care.

Breastfeeding
In general, only small amounts of asthma medications enter 
breast milk. Prednisone, theophylline, antihistamines, inhaled 
corticosteroids, LTRAs, and (3,-agonists are not considered to be 
contraindications for breastfeeding.64,65 However, among sensi
tive neonates, theophylline may cause vomiting, feeding difficul
ties, jitteriness, and cardiac arrhythmias.

Summary
Asthma is an increasingly common problem during pregnancy. 
M ild and moderate asthma can be associated with excellent 
maternal and perinatal pregnancy outcomes, especially if  patients 
are managed according to contemporary NAEPP recommenda
tions. Severe and poorly controlled asthma may be associated 
with increased prematurity, preeclampsia, growth restriction, 
and a need for cesarean delivery. Severe asthma exacerbations 
can result in maternal morbidity and mortality and can have 
commensurate adverse pregnancy outcomes. The management 
of asthma during pregnancy should be based on objective assess
ment, trigger avoidance, patient education, and step therapy. 
Asthma medications should be continued during pregnancy and 
while breastfeeding.

RESTRICTIVE LUNG DISEASE
Restrictive ventilatory defects occur when lung expansion is 
limited because o f alterations in the lung parenchyma or
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because o f abnormalities in the pleura, chest wall, or the 
neuromuscular apparatus. These conditions are characterized 
by a reduction in lung volumes and an increase in the ratio of 
FEV] to FVC.51 The interstitial lung diseases include idiopathic 
pulmonary fibrosis, sarcoidosis, hypersensitivity pneumonitis, 
pneumoconiosis, drug-induced lung disease, and connective 
tissue disease. Additional conditions that cause a restrictive 
ventilatory defect include pleural and chest wall diseases and 
extrathoracic conditions such as obesity, peritonitis, and 
ascites.11 Restrictive lung disease in pregnancy has not been well 
studied. Consequently, little is known about the effects of 
restrictive lung disease on the outcome of pregnancy or the 
effects of pregnancy on the disease process itself. Boggess and 
colleagues92 presented data on nine pregnant women with inter
stitial and restrictive lung disease who were prospectively 
managed. Diagnoses included idiopathic pulmonary fibrosis, 
hypersensitivity pneumonitis, sarcoidosis, kyphoscoliosis, and 
multiple pulmonary emboli. Three of the gravidae described in 
this paper had severe disease characterized by a vital capacity of
1.5 L or less (50% predicted) or a diffusing capacity less than 
or equal to 50% predicted. Five of the patients had exercise- 
induced oxygen desaturation, and four patients required supple
mental oxygen. One patient in the group had an adverse outcome 
and was delivered at 31 weeks; she subsequently required 
mechanical ventilation for 72 hours. All other patients were 
delivered at or beyond 36 weeks with no adverse intrapartum or 
postpartum complications. All infants were at or above the 30th 
percentile for growth. The authors concluded that restrictive 
lung disease was well tolerated in pregnancy. However, exercise 
intolerance was common; therefore early oxygen supplementa
tion may be required.

Sarcoidosis
Sarcoidosis is a systemic granulomatosis disease o f undeter
mined etiology that often affects young adults. Pregnancy 
outcome for most women with sarcoidosis is g o o d . 11 In a
study of 35 pregnancies in 18 patients with sarcoidosis, disease 
activity remained stable in nine patients. During pregnancy, 
improvement was demonstrated in six patients, and in three, a 
worsening of the disease was reported.93 During the postpartum 
period, 15 patients remained stable; however, in three women, 
a progression of the disease continued. Another retrospective 
study presented 15 pregnancies complicated by maternal 
sarcoidosis over a 10-year period.94 Eleven o f these patients 
remained stable, two experienced disease progression, and 
two died as a result o f severe complications o f severe sarcoid
osis. In this group, factors indicative o f a poor prognosis 
reportedly included parenchymal lesions on chest radio
graph, advanced radiographic staging, advanced maternal 
age, low inflammatory activity, requirement for drugs other 
than steroids, and the presence o f extrapulmonary sarcoid
osis.94 Both o f the patients who succumbed during gestation 
had severe disease at the onset o f pregnancy. The overall 
cesarean delivery rate was 40% ; in addition, 27%  o f infants 
(4 o f 15) weighed less than 2500 g. None of the patients 
developed preeclampsia. One possible explanation for the com
monly observed improvement in sarcoidosis may be the increased 
concentration of cortisol during pregnancy. However, because 
sarcoidosis improves spontaneously in many nonpregnant 
patients, the improvement may be coincident with, but not due 
to, pregnancy.

One study examined 17 pregnancies in 10 patients and con
cluded that pregnancy had no consistent effect on the course of 
the disease.95 Scadding96 separated patients into three categories 
based on characteristic patterns of their chest radiographs. When 
the chest radiograph had resolved before pregnancy, the normal 
radiograph persisted throughout gestation. In women with 
resolving radiographic changes before pregnancy, resolution 
continued throughout the prenatal period. Patients with inactive 
fibrotic residual disease had stable chest radiographs, and those 
with active disease tended to have partial or complete resolution 
of those changes during pregnancy. Most patients in this latter 
group, however, experienced exacerbation of the disease within
3 to 6 months after delivery.96

Patients with pulmonary hypertension complicating 
restrictive lung disease may suffer a mortality rate as high as 
50% during gestation. These patients need close monitoring 
during labor and delivery and postpartum. Invasive monitor
ing with a pulmonary artery catheter may be indicated to opti
mize cardiorespiratory function. Gravidae with restrictive lung 
disease, including pulmonary sarcoidosis, may benefit from 
early institution o f steroid therapy for evidence o f worsening 
pulmonary status. Individuals with evidence of severe disease 
need close monitoring and may require supplemental oxygen 
therapy during gestation.

During labor, consideration should be given to early use 
of epidural anesthesia, i f  it is not contraindicated. The proac
tive institution of pain management in this population will 
minimize pain, decrease sympathetic response, and therefore 
decrease oxygen consumption during labor and delivery. The use 
of general anesthesia should be avoided, i f  possible, because 
these patients may develop pulmonary complications after 
general anesthesia, including pneumonia and difficulty weaning 
from the ventilator. In addition, close fetal surveillance 
throughout gestation is warranted because impaired oxygen
ation may compromise fetal growth.

An additional consideration is the need to counsel all women 
with restrictive lung disease about the potential for continued 
impairment of their respiratory status during pregnancy, particu
larly if  their respiratory disease is deteriorating at the time of 
conception. The individual with clinical signs consistent with 
pulmonary hypertension or severe restrictive disease should be 
cautioned about the possibility of maternal mortality due to 
worsening pulmonary function during gestation.

In summary, although the literature on restrictive lung 
disease in pregnancy is limited, it supports the conclu
sion that most patients with restrictive lung disease com
plicating pregnancy—which includes those with pulmonary 
sarcoidosis—will have a favorable pregnancy outcome. How
ever, the clinician should keep in mind that a subgroup of 
women with restrictive lung disease can have significant worsen
ing of their clinical condition during gestation.

Cystic Fibrosis
Cystic fibrosis (CF) involves the exocrine glands and epithelial 
tissues of the pancreas, sweat glands, and mucous glands in the 
respiratory, digestive, and reproductive tracts. Chronic obstruc
tive pulmonary disease (COPD), pancreatic exocrine insuf
ficiency, and elevated sweat electrolytes are present in most 
patients with CF. The disease is genetically transmitted with 
an autosomal-recessive pattern o f inheritance. The CF gene 
was identified and cloned in 1989; the gene is localized to
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chromosome 7, and the molecular defect that accounts for the 
majority of cases has been identified. In the United States, 
about 4%  o f the white population are heterozygous carriers 
of the CF gene, and the disease occurs in 1 in 3000 live white 
births. Morbidity and mortality in CF is usually secondary to 
progressive chronic bronchial pulmonary disease. Pregnancy and 
the attendant physiologic changes can stress the pulmonary, 
cardiovascular, and nutritional status of women with CF. The 
purpose of this section is to familiarize the obstetrician with the 
physiologic effects of this complex disease and the impact of 
the disease on pregnancy and the impact of pregnancy on the 
disease. Additional factors that need to be addressed are the 
genetics of this disorder (see Chapter 10) and the implications 
for the newborn, as well as social issues, including who will raise 
the child should the mother succumb to her disease.

Survival for patients with CF has increased dramatically 
since 1940. According to the Cystic Fibrosis Foundation’s 
patient registry, mean survival in 2008 had increased to 39.6  
years. Women had a slightly lower median age of survival (27.3 
years) compared with men (29.6 years). The reasons for sex d if
ferences in mortality are unclear. Today, more than 45%  o f 
individuals with CF in the United States are older than 18 
years. This increase in survival of patients with CF is likely 
secondary to earlier diagnosis and intervention and to advances 
in antibiotic therapy and nutritional support. Therefore, more 
women with CF are now entering reproductive age. In con
trast to men with CF, who for the most part are infertile, 
women with CF are more often fertile. Infertility in women 
with CF may occasionally be due to anovulatory cycles and 
secondary amenorrhea, which result from significant malnu
trition associated with advanced disease. A more common 
reason for infertility appears to result from alteration in the 
physiologic properties o f cervical mucus.

The first case of CF complicating pregnancy was reported in 
1960. The annual number of CF pregnancies reported to the 
Cystic Fibrosis Foundation’s patient registry doubled between 
1986 and 1990, with 52 pregnancies reported in 1986 and 111 
pregnancies reported in 1990. This same registry more recently 
reported on a total of 680 pregnancies in 8136 women between 
1985 and 1997. This documents a dramatic increase in preg
nancy complicated by CF, and increasing numbers are reported 
in other countries as well. Because the number o f women with 
CF who achieve pregnancy is steadily increasing, it is impor
tant that the obstetrician be familiar with the disease. Liberal 
consultation with a CF specialist should be obtained because 
a team effort will increase the chance for an improved preg
nancy outcome.

Effect of Pregnancy on Cystic Fibrosis
The physiologic changes associated with pregnancy (see Chapter 
3) are well tolerated by healthy gravidae; however, those with 
CF may adapt poorly. During pregnancy, an increase in resting 
minute ventilation at term may approach 150% of control 
values due to the increased oxygen consumption and increased 
carbon dioxide burden that occur during pregnancy. In addi
tion, increased levels of circulating progesterone stimulates the 
respiratory drive. Enlargement of the abdominal contents and 
upward displacement of the diaphragm lead to a decrease in 
functional residual volume and a decrease in residual volume. 
Pregnancy is also accompanied by subtle alterations in gas 
exchange with widening of the alveolar-arterial oxygen gradient

that is most pronounced in the supine position. These alterations 
in pulmonary function are of little consequence to the normal 
pregnant woman. However, in the gravida with CF, these 
changes may contribute to respiratory decompensation that can 
lead to an increase in morbidity and mortality for the mother 
and the fetus.

During normal pregnancy, blood volume increases by an 
average of 50%. Cardiac output increases as well and reaches a 
plateau in midpregnancy. During labor, blood volume rises 
acutely, in large part because of the release of blood from the 
contracting uterus, and it is additionally increased after delivery 
secondary to augmented venous return with the release of caval 
obstruction.

Women with CF and advanced lung disease may suffer 
from pulmonary hypertension with high pulmonary artery 
pressures. Regardless o f the etiology, pulmonary hyperten
sion is associated with unacceptable maternal risk during 
pregnancy and is considered to be a contraindication to preg
nancy. Women with significant pulmonary hypertension may 
develop cardiovascular collapse at the time of labor and delivery, 
with a maternal mortality rate that exceeds 25%. Additionally, 
women with pulmonary hypertension may not be able to 
adequately increase cardiac output during pregnancy; there
fore they suffer uteroplacental insufficiency that leads to 
intrauterine growth restriction and stillbirth.

Nutritional requirements are increased during pregnancy, and 
about 300 kcal/day in additional fuel is needed to meet the 
requirements of mother and fetus. Most patients with CF have 
pancreatic exocrine insufficiency. As a result, digestive 
enzymes and bicarbonate ions are diminished, which results 
in maldigestion, malabsorption, and malnutrition.

Several reports suggest that patients who have mild CF, 
good prepregnancy nutritional status, and less impairment 
o f lung function tolerate pregnancy well. However, those 
with poor clinical status, malnutrition, hepatic dysfunction, 
or advanced lung disease are at increased risk from preg
nancy.97,98 Kent and Farquharson98 reviewed the literature and 
reported 217 pregnancies. In this series, the frequency of preterm 
delivery was 24.3%, and the perinatal death rate was 7.9%. Poor 
outcomes were associated with a maternal weight gain o f less 
than 4.5 kg and an FVC o f less than 50% o f predicted. A 
series o f pregnancies in women with CF described by Eden- 
borough and colleagues” reported 18 live births (81.8%), 
one third o f which were preterm deliveries, and 18.2%  of 
patients had abortions. Four maternal deaths occurred within 
3.2 years after delivery. In this series, lung function was avail
able before delivery, immediately after delivery, and after preg
nancy. Although the patients demonstrated a decline of 13% in 
FEV, and 11% in FVC during pregnancy, most returned to 
baseline pulmonary function after pregnancy. Although most of 
the women tolerated pregnancy well, those with moderate to 
severe lung disease— an FEV! less than 60%  o f predicted—  
more often had preterm infants and had increased loss of 
lung function compared with those with milder disease." In 
two series, prepregnancy FEV! was found to be the most 
useful predictor o f outcome in pregnant women with CF. ’ 1 10 
In addition, a positive correlation was found between pre
pregnancy FEVi and maternal survival.

Another report examined survival in 8136 women enrolled 
in the U.S. Cystic Fibrosis Foundation National Patient Registry 
from 1985 to 1997,101 and 680 of these became pregnant. The
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846 Section VI Pregnancy and Coexisting Disease

authors matched the 680 women in an index year to 3327 
control women with CF. Women who reported a pregnancy 
were more likely to have had a higher percentage of predicted 
FEV, (67.5% predicted vs. 67.1% predicted, respectively; 
P  >.001) and a higher weight (52.9 vs. 46.4 kg, respectively; 
P  > .001). The 10-year survival rate in pregnant women (77%; 
95% C l, 71% to 82%) was higher than in those women who 
did not become pregnant. A separate analysis that matched the 
pregnant patient’s FEV, percent of predicted, age, Pseudomonas 
aeruginosa colonization, and pancreatic function obtained 
similar results. In this cohort, pregnancy was not harmful in any 
subgroup, which included patients with an FEV, 40% of pre
dicted or diabetes mellitus.101 The authors concluded that 
women with CF who became pregnant were initially health
ier and had better 10-year survival rates than women with 
CF who did not become pregnant.

A 2014 report by Patel and colleagues102 describes 1119 deliv
eries in women with CF in the United States, compared with 
12,627,627 women without the disease, and documents an 
increased risk of death, mechanical ventilation, pneumonia, 
acute renal failure, preterm labor, diabetes, asthma, and an 
adverse composite CF outcome; however, the absolute risks 
were low.

Pulmonary involvement in CF includes chronic infection 
of the airways and bronchiectasis. Selective infection with 
certain microorganisms occurs, such as S. aureus, H. influ
enzae, P. aeruginosa, and Burkholderia cepacia, although 
P. aeruginosa is the most frequent pathogen. Parenteral anti
biotics are the mainstays of treatment for these acute infections. 
However, pregnancy- and CF-associated alterations in pharma
cokinetics can have grave consequences for these patients. It is 
well known that pregnant subjects have lower serum levels and 
higher urine levels of antibiotics than nonpregnant subjects. The 
lower levels in plasma are attributed to the increase in volume 
of distribution and an increase in glomerular filtration and renal 
clearance of the drugs, therefore monitoring drug levels is indi
cated when therapeutic response is less than optimal.

Counseling Patients with Cystic Fibrosis in Pregnancy
Several factors must be considered when counseling a woman 
with CF who is considering pregnancy, including the possibility 
that her fetus will have CF (see Chapter 10). When the mother 
has CF and the proposed father is a white individual o f  
unknown genotype, the risk for the fetus having CF is 1 in 
50, compared with 1 in 3000 in the general white popula
tion. If the prospective father is a known carrier o f a CF 
mutation, the risk to the fetus increases to 1 in 2. If, however, 
DNA testing does not identify a CF mutation in the prospective 
father, it is still possible that the father is a carrier of an unidenti
fied CF mutation, making the risk for CF to the offspring 1 
in 492 .103

It is important that the woman with CF be advised about 
the potential adverse effects of pregnancy on maternal health 
status. Factors that may predict poor outcome include pre
pregnancy evidence of poor nutritional status, significant pul
monary disease with hypoxemia, and pulmonary hypertension. 
Liver disease and diabetes mellitus are also poor prognostic 
factors. Gravidae with poor nutritional status, pulmonary 
hypertension (cor pulmonale), and deteriorating pulmonary 
function early in gestation should consider therapeutic abor
tion because the risk for maternal mortality may be unac- 
ceptably high.

The woman with CF who is considering pregnancy should 
also give consideration to the need for strong psychosocial 
and physical support after delivery. The rigors of child rearing 
may add to the risk for maternal deterioration during this 
period. Family members should also be willing to provide physi
cal and emotional support and should be aware of the potential 
for deterioration in the mother’s health and the potential for 
maternal mortality. In addition, the need for care o f a poten
tially preterm growth-restricted neonate with all o f its atten
dant morbidities and potential mortality should be discussed. 
Over the long term, the woman and her family should also 
consider the fact that her life expectancy may be shortened by 
CF. Overall, 20%  o f mothers with CF succumb to the disease 
before the child’s tenth birthday, and this number increases 
to 40%  if  the FEV, is less than 40%  o f predicted.104 Plans 
should be made for rearing of the child in the event of maternal 
death.

Management of the Pregnancy Complicated 
by Cystic Fibrosis
Care o f the gravida with CF should be a coordinated team 
effort. Physicians familiar with CF, its complications, and 
management should be included as well as a maternal-fetal 
medicine specialist and neonatal team. The gravida should be 
assessed for potential risk factors such as severe lung disease, 
pulmonary hypertension, poor nutritional status, pancreatic 
failure, and liver disease— preferably before attempting gesta
tion, but certainly during the early months of pregnancy. Gravi
dae should be advised to be 90%  o f ideal body weight before 
conception i f  possible. A  weight gain in pregnancy o f 11 to
12 kg is recommended.105 Frequent monitoring o f weight, 
blood glucose, hemoglobin, total protein, serum albumin, 
prothrombin time, and fat-soluble vitamins A  and E is sug
gested.105 At each visit, the history of caloric intake and symp
toms of maldigestion and malabsorption should be taken, and 
pancreatic enzymes should be adjusted if  needed. Patients who 
are unable to achieve adequate weight gain through oral 
nutritional supplements may be given nocturnal enteral 
nasogastric tube feedings. In this situation, the risk for aspi
ration should be considered, especially in patients with a 
history o f gastroesophageal reflux, which is common in CF. 
If malnutrition is severe, parenteral hyperalimentation may 
be necessary for successful completion o f the pregnancy. 
Baseline pulmonary function should be assessed, preferably 
before conception. Assessment should include FVC, FEV,, 
lung volumes, pulse oximetry, and arterial blood gases, if 
indicated. These values should be serially monitored during 
gestation, and deterioration in pulmonary function should 
be addressed immediately. An echocardiogram can assess the 
patient for pulmonary hypertension and cor pulmonale, and 
if  this is diagnosed, the gravida should be advised of the high 
maternal risk.

Early recognition and prompt treatment o f pulmonary 
infections are important in the management of the pregnant 
woman with CF. Treatment includes IV antibiotics in the 
appropriate dose, keeping in mind the increased clearance 
of these drugs secondary to pregnancy and CF. Plasma levels 
of aminoglycosides should be monitored and adjusted as indi
cated. Chest physical therapy and bronchial drainage are also 
important components o f the management o f pulmonary 
infections in CF. Because P. aeruginosa is the most frequendy 
isolated bacterium associated with chronic endobronchitis
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and bronchiectasis, antibiotic regimens should include cov
erage for this organism.

If the patient with CF has pancreatic insufficiency and diabe
tes mellitus, careful monitoring of blood glucose and insulin 
therapy are indicated. As previously mentioned, pancreatic 
enzymes may need to be replaced to optimize the patient’s 
nutritional status. Because o f malabsorption o f fats and fre
quent use o f antibiotics, the patient with CF is prone to 
vitamin K  deficiency; therefore prothrombin time should 
be checked regularly, and parenteral vitamin K  should be 
administered i f  the prothrombin time is elevated.

When managing pregnancy in a woman with CF, it is impera
tive to recognize that the fetus is at risk for uteroplacental insuf
ficiency and IUGR. The maternal nutritional status and weight 
gain during pregnancy will likewise affect fetal growth; therefore 
fundal height should be measured routinely, and serial ultra
sound evaluations o f fetal growth and amniotic fluid volume 
should be made. Fetal kick counts may be useful for monitoring 
fetal status starting at 28 weeks. If fetal compromise is evident, 
nonstress testing should be started at 32 weeks or sooner; if 
fetal compromise is severe— such as no interval fetal growth, 
persistent decelerations, or poor biophysical profile scoring— 
delivery should be accomplished. Likewise, evidence o f pro
found maternal deterioration such as a marked and sustained 
decline in pulmonary function, development o f right-sided 
heart failure, refractory hypoxemia, and progressive hyper- 
capnia and respiratory acidosis may be indications for early 
delivery. If the fetus is potentially viable, the administration of 
betamethasone may be beneficial. Vaginal delivery should be 
attempted when possible.

Labor, delivery, and the postpartum period can be particularly 
dangerous for the patient with CF. The augmentation in cardiac 
output stresses the cardiovascular system and can lead to cardio
pulmonary failure in the patient with pulmonary hypertension 
and cor pulmonale. These patients are also more likely to develop 
right-sided heart failure. Heart failure should be treated with 
aggressive diuresis and supplemental oxygen, and manage
ment can be optimized by insertion o f a pulmonary artery 
catheter to monitor right- and left-sided filling pressures. 
Pain control will reduce the sympathetic response to labor 
and tachycardia. This will benefit the patient who demon
strates pulmonary or cardiac compromise. In the patient with 
a normal partial thromboplastin time, insertion of an epidural 
catheter for continuous epidural analgesia may be beneficial. 
This is also useful in the event a cesarean delivery is indicated 
because general anesthesia and its possible effects on pulmonary 
function can be avoided. If general anesthesia is needed, pre
operative anticholinergic agents should be avoided because 
they tend to promote drying and inspissation o f airway secre
tions. Close fetal surveillance is also extremely important 
because the fetus who may have been suffering from uteropla
cental insufficiency during gestation is more prone to develop 
evidence of fetal compromise during labor. Cesarean delivery 
should be reserved for the usual obstetric indications.

In summary, more women with CF are living to childbearing 
age and are capable of conceiving. C linical experience thus far 
has demonstrated that pregnancy in women with CF and mild 
disease is well tolerated, but women with severe disease have 
an associated increase in maternal and fetal morbidity and 
mortality. The potential risk to any individual with CF desirous 
of pregnancy should be assessed and discussed with the patient 
and her family in detail.

KEY POINTS

♦ Pneumonia is the most common nonobstetric infection 
that causes maternal mortality, and preterm delivery 
complicates pneumonia in up to 43% of cases. Strepto
coccus pneumoniae is the most common bacterial patho
gen to cause pneumonia.

♦ To treat pneumonia, empiric antibiotic coverage should 
be started that includes a third-generation cephalospo
rin and a macrolide, such as azithromycin, to cover 
atypical pathogens. If CA-MRSA is suspected, add van
comycin or linezolid.

♦ The HIV-infected gravida with a CD4+ count of less 
than 200 cells per cubic millimeter should receive pro
phylaxis with trimethoprim-sulfamethoxazole, as well as 
HAART, to prevent PJP pneumonia.

♦ High-risk gravidae should be screened for TB and 
treated appropriately with isoniazid prophylaxis for 
infection without overt disease and with dual anti-TB 
therapy for active disease. If resistant TB is identified, 
ethambutol, 2.5 g/day, should be added to therapy, and 
the treatment period should be extended to 18 months.

♦ IGRAs can be used for screening for TB and are helpful 
in cases where BCG vaccine has been given.

♦ Inhaled corticosteroids are the preferred treatment for 
persistent asthma in pregnancy.

♦ It is safer for pregnant women with asthma to be treated 
with asthma medications than it is for them to have 
asthma symptoms and exacerbations.

♦ Inhaled albuterol is recommended for rescue therapy 
during pregnancy.

♦ Step-care therapy uses the principle of tailoring medical 
therapy according to asthma severity.

♦ The interstitial lung diseases include idiopathic pulmo
nary fibrosis, sarcoidosis, hypersensitivity pneumonitis, 
drug-induced lung disease, and connective tissue disease. 
Restrictive lung disease is generally well tolerated in 
pregnancy; however, exercise intolerance and need for 
oxygen supplementation may develop.

♦ Gravidae with pulmonary hypertension complicating 
restrictive lung disease may suffer a high mortality rate.

♦ An increasing number of women with cystic fibrosis 
are surviving to the reproductive years and usually 
maintain their fertility with meticulous management 
of pulmonary function, including pulmonary toilet and 
aggressive surveillance for signs of pulmonary infec
tion and treatment with antibiotics in adequate doses. 
Close attention to nutrition is required secondary to 
maldigestion, malabsorption, and malnutrition, which 
can complicate cystic fibrosis. Gravidae with reassuring 
pulmonary function studies, good nutritional status, 
near-normal chest radiographs, and only mild obstruc
tive lung disease will tolerate pregnancy well. Fetal 
growth should be monitored closely.
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Adult respiratory distress syndrome ARDS
Acute renal failure ARF
Arginine vasopressin AVP
Asymptomatic bacteriuria ASB
Blood urea nitrogen BUN
Disseminated intravascular coagulation DIC
End-stage renal disease ESRD
Erythropoietin EPO
Glomerular filtration rate GFR
Glucose-6-phosphate dehydrogenase G6PD
Hemolytic uremic syndrome HUS
Intrauterine growth restriction IUGR
Immunoglobulin ig
Intravenous pyelogram IVP
Mycophenolate mofetil MMF
Positive end-expiratory pressure PEEP
Red blood cell RBC
Urinary tract infection UTI
White blood cell WBC

OVERVIEW
Prior to just decades ago, women with preexisting renal disease 
were strongly discouraged from attempting pregnancy because 
of the expectation of poor perinatal outcome and the likelihood 
of renal disease progression. Currently, through better under
standing of the prognosis and treatment of kidney disease during 
pregnancy, women with most renal conditions are no longer 
discouraged from attempting conception. This even holds true 
for women who have undergone renal transplantation.

This chapter first reviews the normal changes in the kidney 
and urinary collecting system in pregnancy and then it follows 
with the basic evaluation of maternal renal status, acute and 
chronic renal disorders in pregnancy, and the treatment of the 
post-renal transplant patient.

ALTERED RENAL PHYSIOLOGY 
IN PREGNANCY
Pregnancy is associated with significant anatomic changes in the 
kidney and its collecting system (see Chapter 3). These changes 
begin to occur shortly after conception and may persist for 
several months postpartum.1'2 The kidney is noted to increase in 
size and weight during the course of a pregnancy. O f more 
clinical significance is the marked dilation o f the collecting 
system, including both the renal pelvis and ureters. This 
dilation is most pronounced on the right side and is most 
likely due to hormonal changes (i.e., from progesterone, endo- 
thelin, relaxin) and mechanical obstruction by the gravid 
uterus (Fig. 39 -1).3’5

Renal plasma flow increases greatly during pregnancy.1’ It 
peaks by the end of the first trimester, and although it decreases 
near term, it remains higher than in the nonpregnant woman. 
This change is due in part to increased cardiac output and 
decreased renal vascular resistance. The glomerular filtration 
rate (GFR) increases by 50%  during a normal gestation. It 
rises early in pregnancy and remains elevated throughout gesta
tion, and the percentage increase in GFR is greater than the 
percentage increase in renal plasma flow. This leads to an eleva
tion of the filtration fraction, which results in a fall in serum 
blood urea nitrogen (BUN) and serum creatinine values.

Because GFR increases to such a great degree, electrolytes, 
glucose, and other filtered substances reach the renal tubules in 
greater amounts. The kidney handles sodium efficiently, reab
sorbing most of the filtered load in the proximal convoluted 
tubule. Glucose reabsorption, however, does not increase pr6- 
portionately during pregnancy. The average renal threshold for
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FIG 39-1 A, An intravenous pyelogram of a gravid patient in the late second trimester with flank pain. The image was taken in the anteroposterior 
view 15 minutes after the instillation of contrast dye. Note the dilation of the renal pelves bilaterally, with the right side more dilated than the 
left. The fetus is seen in the vertex position. B, The same patient in the right lateral view.

glucose is reduced to 155 mg/dL from 194 mg/dL in the non
pregnant individual.8 Therefore glycosuria can be a feature o f 
normal pregnancy.

Urate is handled by filtration and secretion. Its clearance 
increases early in pregnancy and leads to lower serum levels of 
uric acid. In late pregnancy, urate clearance and serum urate 
levels return to their prepregnancy values. Serum urate levels 
are elevated in women with preeclampsia. W hether this is due 
to decreased renal plasma flow, hemoconcentration, renal tubular 
dysfunction, or other renal circulatory changes remains unclear. 
A summary of the renal changes in normal pregnancy is shown 
in Table 39-1.

ASYMPTOMATIC BACTERIURIA
The prevalence o f asymptomatic bacteriuria (ASB) in sexu
ally active women has been reported to be as high as 5% to
6% .9'10 The diagnosis of ASB is based on a clean-catch voided 
urine specimen. To secure a diagnosis, the urine culture should 
reveal greater than 100,000 colonies/mL o f a single organ
ism." Some investigators have suggested that two consecutively 
voided specimens should contain the same organism prior to 
establishing the diagnosis of bacteriuria.12,13 Bacteriuria occurs in 
2% to 7% of pregnancies, particularly in multiparous women, a 
similar prevalence as seen in nonpregnant women. The patho
genic organisms are also similar in species and virulence factors 
to those observed in nonpregnant women (see Chapter 53); thus 
the basic mechanism of entry of bacteria into the urinary tract is 
likely to be the same for both groups. Bacteriuria often develops 
in the first month of pregnancy and is frequently associated 
with a reduction in urine concentrating ability, which suggests 
involvement of the kidney.7 The smooth muscle relaxation and 
subsequent ureteral dilation that accompany pregnancy are 
believed to facilitate the ascent o f bacteria from the bladder 
to the kidney. As a result, untreated bacteriuria during

TABLE 39-1 SUMMARY OF RENAL CHANGES 
IN NORMAL PREGNANCY

C LIN IC AL
ALTERATIO N M AN IFESTATIO N RELEVANCE

Increased renal Renal length is about Postpartum decreases
size 1 cm greater on in size should not

radiographs. be mistaken for
parenchymal loss.

D ilation o f pelves, Dilation resembles Should not be mistaken
calyces, and hydronephrosis on for obstructive
ureters ultrasound or IVP uropathy.

and is usually Upper urinary tract
more prominent infections can be more
on the right side. virulent.

Changes in The renal bicarbonate Serum bicarbonate is 4 to
acid-base reabsorption 5 mM/L lower in
metabolism threshold pregnancy.

decreases. P C 0 2 is 10 mm Hg 
lower in normal 
pregnancy.

P C 0 2 o f 40 mm Hg 
represents retention in 
pregnancy.

Renal water The osmotic Serum osmolarity is
osmoregulation threshold for AVP decreased by

release decreases. approximately 
10 mOsm/L.

Modified from Lindheimer M, Griinfeld JP, Davison JM . Renal disorders. In Barron 
W M , Lindheimer M, editors. M ed ica l D isorders D urin g Pregnancy, 3rd ed. St. Louis: 
Mosby; 2000:39-70.
AVP, vasopressin; IVP, intravenous pyelography; P C 0 2, carbon dioxide tension.

pregnancy has a greater propensity to progress to pyelone
phritis (up to 40%) than in nonpregnant women.14 If a urine 
culture is negative for bacteria at the first prenatal visit, the risk 
of developing acute cystitis is less than 1% .I0,IS

It is important to diagnose and treat ASB in pregnancy. If left 
untreated, a symptomatic urinary tract infection (UTI) will
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852 Section VI Pregnancy and Coexisting Disease

BOX 39-1 ANTIMICROBIAL TREATMENT REGIMENS FOR 
PREGNANT WOMEN WITH BACTERIURIA*

• A m o x ic illin  500 mg 3 tim es a day
• A m p ic illin  500 mg 4 tim es a day
• Cephalexin 500 mg 4 tim es a day
• N itro fu ran to in  100 mg 4 tim es a day
• Sustained release n itro fu ran to in  100 mg 2 tim es a day
• T rim e tho p rim  160 mg w ith  su lfam ethoxazole 800 mg 2 

tim es a day

•The agent of choice should be given fo r a 7-day course. A repeat 
urine culture is recommended 2 weeks after the treatm ent has been 
completed.

develop in up to 40% of these patients.6,10,16 Recognition and 
therapy for ASB can eliminate 70%  o f acute UTIs in preg
nancy. Nonetheless, 2% of pregnant women with negative first- 
trimester urine cultures develop symptomatic cystitis or 
pyelonephritis. This group accounts for 30% of the cases of 
acute UTI that develop during gestation. The American College 
of Obstetricians and Gynecologists (ACOG) recommends 
routine screening o f all women for ASB at their first prenatal 
visit.1 Some debate has surrounded whether the patient 
should collect a first void sample or simply a clean-catch 
sample. In pregnant women, the contamination rate of m id
stream samples is comparable for morning and clean-catch 
samples.18 Other than progression to more serious infection, 
however, little evidence suggests that ASB has an effect on preg
nancy outcome.9'19

Escherichia coli is the organism responsible for most cases 
o f ASB and UTI during pregnancy. Women can therefore be 
safely treated with nitrofurantoin, ampicillin, cephalosporins, 
and short-acting sulfa drugs (Box 39-1). Sulfa compounds 
should be avoided near term because they compete for bilirubin- 
binding sites on albumin in the fetus and newborn and therefore 
pose a risk for kernicterus. Nitrofurantoin should not be used 
in patients with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency because of the risk for hemolytic crisis; if  the fetus 
has a G6PD deficiency, it may also experience hemolysis. 
Therapy for ASB is recommended for 7 days, and a follow-up 
culture should be performed 1 to 2 weeks after discontinuing 
therapy. Approximately 15% of women will experience a rein
fection or will not respond to initial therapy. Therapy in these 
cases should be reinstituted after careful microbial sensitivity 
testing. Women with a recurrent UTI during pregnancy and 
those with a history of pyelonephritis should eventually undergo 
imaging of the upper urinary tract. This procedure may be 
delayed until 3 months postpartum so that the anatomic changes 
of pregnancy can regress.

Occasionally it can be difficult to distinguish severe cystitis 
from pyelonephritis, although the presence of fever suggests 
upper tract infection. Although the drugs used for treatment are 
similar, pyelonephritis during pregnancy generally requires 
intravenous (IV) antibiotics. Sandberg and coinvestigators20 
studied symptomatic UTI in 174 women and found that 
C-reactive protein was elevated in 91% of pregnant women with 
acute pyelonephritis and in only 5% of women with cystitis. 
They also noted that the urine-concentrating ability was lower 
in women with acute pyelonephritis. Because the erythrocyte 
sedimentation rate is normally elevated in pregnancy, they found 
that this was not a useful parameter for distinguishing pyelone
phritis from cystitis.

PYELONEPHRITIS
Pyelonephritis complicates 1% to 2% of all pregnancies and can 
result in significant maternal morbidity, and it is among the 
most common nonobstetric causes for hospitalization during 
pregnancy.21 A recent 18-year retrospective analysis showed “the 
incidence of acute antepartum pyelonephritis during pregnancy 
was 0.5% (2894/543,430). Women with pyelonephritis in preg
nancy were more likely to be black or Hispanic, young, less 
educated, and nulliparous; they initiate prenatal care late in 
gestation and use tobacco during pregnancy. Pregnancies of 
women with pyelonephritis, compared with those without, were 
more likely to be complicated by anemia (26.3% vs. 11.4%; 
odds ratio [OR], 2.6; 95% confidence interval [C l], 2.4 to 2.9), 
septicemia (1.9% vs. 0.03% ; OR, 56.5; 95% C l, 41.3 to 77.4), 
acute pulmonary insufficiency (0.5% vs. 0.04% ; OR, 12.5; 95% 
C l, 7.2 to 21.6), acute renal dysfunction (0.4% vs. 0.03%; OR, 
16.5; 95% C l, 8.8 to 30.7), and spontaneous preterm birth 
(10.3% vs. 7.9% ; OR, 1.3; 95% C l, 1.2 to 1.5). Most of the 
preterm births in this series occurred between 33 and 36 weeks.22 
Recurrent pyelonephritis has been implicated as a cause of fetal 
death and intrauterine growth restriction (IUGR). As noted 
above, an association between acute pyelonephritis and preterm 
labor is apparent.23 24 Fan and coworkers,2̂  however, have shown 
that if  pyelonephritis is aggressively treated, it does not increase 
the likelihood of premature delivery or low birthweight. Hill and 
colleagues26 reported 440 cases of acute pyelonephritis over a 
2-year period and noted the disease to be more common in 
younger primigravid women without racial predilection. The 
majority of cases (53%) presented during the second trimester. 
The most common pathogen was E. coli, which accounted for 
83% of cases; gram-positive organisms accounted for another 
11.6%.26

Acute pyelonephritis during pregnancy is most often 
treated on an inpatient basis with IV antibiotics. Empiric 
therapy should be begun as soon as the presumptive diagnosis 
is established. Therapy can be tailored to the specific organism 
after antibiotic sensitivities have been determined, and because 
septicemia may occasionally result from pyelonephritis, blood 
cultures should be obtained if  patients do not respond rapidly 
to initial antibiotic therapy. Generally, a broad-spectrum first- 
generation cephalosporin is the initial therapy o f choice. Fan 
and coinvestigators2S reviewed 107 cases of pyelonephritis and 
noted that 33% of the cases were resistant to ampicillin and 13% 
were resistant to first-generation cephalosporins; current rates of 
resistance to ampicillin and first-generation cephalosporins are 
likely higher. If resistance to more common therapies is encoun
tered, a later-generation cephalosporin or an aminoglycoside 
can be safely administered. Peak and trough aminoglycoside 
levels should be measured whenever these are used, and serum 
creatinine and BUN level should be followed as well. During 
the febrile period, acetaminophen treatment is advised to keep 
the maternal temperature below 38° C.

IV antibiotic therapy should be continued for 24 to 48 
hours after the patient becomes afebrile and costovertebral 
angle tenderness subsides. After the cessation o f IV therapy, 
treatment with appropriate oral antibiotics is recommended 
for 10 to 14 days. Upon termination of therapy, urine cultures 
should be obtained each trimester for the remainder of gestation. 
After an episode o f acute pyelonephritis, antibiotic suppres
sion should also be implemented and should be continued 
for the remainder o f the pregnancy. Nitrofurantoin 100 mg
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once or twice daily is an acceptable regimen for suppression. In 
a study by Van Dorsten and colleagues,27 nitrofurantoin suppres
sion reduced the rate of subsequent positive cultures from 38% 
to 8%. However, nitrofurantoin did not lower the rate of posi
tive cultures if  inpatient antibiotic selection was inappropriate 
or if  the urine culture was positive at the time of discharge.

The most common maternal complications associated with 
pyelonephritis are anemia, septicemia, transient renal dysfunc
tion, and pulmonary insufficiency.26 Pulmonary injury that 
resembles adult respiratory distress syndrome (ARDS) can 
occur in pregnant women with acute pyelonephritis.J' Clini
cal manifestations o f this complication usually occur 24 to 
48 hours after the patient is admitted for pyelonephritis.'' 
Some o f these women will require intubation, mechanical 
ventilation,6 and positive end-expiratory pressure (PEEP). 
ARDS is believed to result from endotoxin-induced alveolar 
capillary membrane injury. Towers and colleagues30 found evi
dence of pulmonary injury in 11 of 130 patients with pyelone
phritis. A fever of greater than 39.4°C, a maternal heart rate 
above 110 beats/min, and gestation beyond 20 weeks were 
factors associated with increased risk for pulmonary injury. The 
most predictive factors were fluid overload and tocolytic therapy.

Women with prior urinary tract surgery are at increased risk 
for pyelonephritis. Austenfeld and Snow31 reported 64 pregnan
cies in 30 women who had previously undergone ureteral reim
plantation for vesicoureteral reflux. During pregnancy, 57% of 
these women experienced one or more UTIs, and 17% had more 
than one UTI or an episode of pyelonephritis.31 More frequent 
urine cultures and aggressive therapy during pregnancy are rec
ommended for this group of high-risk parturients.

ACUTE RENAL DISEASE IN PREGNANCY 
Urolithiasis
Urolithiasis affects 0.03%  o f all pregnancies, a frequency 
similar to that o f the general population.32 Colicky abdominal 
pain, recurrent UTI, and hematuria suggest urolithiasis.” If 
the diagnosis is suspected, IV pyelogram (IVP) should be con
sidered, which limits this study to the m inimum number 
of exposures necessary to make the diagnosis. Ultrasound can 
also be used to establish the diagnosis without radiation expo
sure. However, ultrasound alone may be limited in securing a 
diagnosis of urolithiasis. In a recent multicenter, longitudinal 
study the authors noted, “O f the group treated surgically after 
imaging with ultrasound alone, 23% had no evidence of a ure
teral stone, resulting in the lowest positive predictive value 
of the modalities used. Alternative imaging techniques, particu
larly low-dose computerized tomography, offer improved diag
nostic information that can optimize management and avoid 
unnecessary intervention.”34 Newer ultrasound flow studies 
can actually follow flow from the ureter to the bladder, and 
they can detect obstruction without the use of ionizing radia
tion. If transabdominal ultrasound is limited, transvaginal ultra
sound can also be used to visualize the distal ureter.'^ Urine 
microscopy may detect crystals and can help distinguish the 
type of stone before it is passed. Serum calcium, phosphorous, 
and urate levels should be assayed for any woman with renal 
calculi to assist in the evaluation for possible hyperparathyroid
ism and gout.

Because o f the physiologic hydro ureter o f pregnancy, 75%  
to 85%  o f women with symptomatic urolithiasis will spon
taneously pass their stones.33 Treatment should therefore be

conservative and should consist o f hydration and narcotic 
analgesia.36 Epidural anesthesia has been advocated to establish 
a segmental block from T i l  to L2, although it is unknown 
whether this promotes passage of the stone. Ureteral stenting 
to relieve obstruction is an option for managing pregnant 
women with renal stones. For refractory cases, nephrostomy 
tubes can also be used. It should be noted that pregnancy 
increases the risk of stent encrustation, which requires frequent 
stent exchange every 4 to 6 weeks until delivery.3 Lithotripsy 
is contraindicated during pregnancy.^

Recurrent UTI with urease-containing organisms causes pre
cipitation of calcium phosphate in the kidney that may lead to 
the development of staghorn calculi. Surgery is rarely indicated 
in women with this condition during gestation. Individuals with 
staghorn calculi should have frequent urine cultures, and bacte- 
riuria should be treated aggressively. Recurrent infections pose 
a risk for chronic pyelonephritis with resultant loss of kidney 
function.

Glomerular Disease
Acute glomerulonephritis is an uncommon complication 
of pregnancy, with a reported incidence o f 1 per 40,000  
pregnancies.39 Poststreptococcal glomerulonephritis is rarely 
observed in the adult population. In this disorder, renal function 
tends to deteriorate during the acute phase of the disease but 
usually recovers in time.'" Acute glomerulonephritis can be 
difficult to distinguish from preeclampsia. Periorbital edema, 
a striking clinical feature o f acute glomerulonephritis, is 
often seen in preeclampsia. However, hematuria, red blood 
cell (RBC) casts in the urine sediment, and depressed serum 
complement levels support the diagnosis o f glomerulone
phritis. A rise in antistreptolysin O titers may secure the diag
nosis of poststreptococcal glomerulonephritis.

Treatment o f acute glomerulonephritis in pregnancy is 
similar to that for the nonpregnant individual. Blood pressure 
control is essential, and careful attention to fluid balance is 
advised. Sodium intake should be restricted to 500 mg/day 
during the acute disease, and serum potassium levels must also 
be carefully monitored.

Packham and coworkers'11 extensively reviewed 395 pregnan
cies in 238 women with primary glomerulonephritis. Remark
ably, only 51 % of the infants were born after 36 weeks’ gestation. 
Excluding therapeutic abortion, the fetal loss rate was 20%, 
with 15% occurring after 20 weeks’ gestation. IUGR was noted 
in 15% of the cases, and maternal renal function deteriorated in 
15% of pregnancies and failed to resolve following delivery in 
5% of the study population. Hypertension was recorded in 52% 
of the pregnancies and developed prior to 32 weeks’ gestation 
in 26%. In most cases, this blood pressure elevation was not 
an exacerbation of chronic hypertension. Eighteen percent of 
the women who developed de novo hypertension in pregnancy 
remained hypertensive postpartum, and increased proteinuria 
was recorded in 59% of these pregnancies and was irrevers
ible in 15%. The highest incidence o f fetal and maternal 
complications in women with glomerular disease occurred 
in those with primary focal and segmental hyalinosis and 
sclerosis, whereas the lowest incidence was observed in non
immunoglobulin A (IgA) diffuse mesangial proliferative glo
merulonephritis.41 The presence of severe vessel lesions on renal 
biopsy was associated with a significantly higher rate of fetal loss 
after 20 weeks’ gestation. Packham and coworkers42 also studied 
33 pregnancies in 24 patients with biopsy-proven membranous
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glomerulonephritis. Fetal loss occurred in 24% of pregnancies, 
preterm delivery was reported in 43%, and a term liveborn 
infant was delivered in only 33% of patients. Hypertension 
was noted in 46% of these pregnant women, and 30% had 
proteinuria in the nephrotic range during the first trimester. 
The presence of significant proteinuria during the first trimester 
correlated with poor fetal and maternal outcome.

Jungers and associates43 described 69 pregnancies in 34 
patients with IgA glomerulonephritis. The fetal loss rate in this 
group was 15%. Preexisting hypertension was statistically associ
ated with poor fetal outcome. Hypertension at the time of 
conception also correlated with a deterioration of maternal renal 
function during pregnancy. Hypertension in the first pregnancy 
was highly predictive of recurrence of hypertension in a subse
quent pregnancy. Kincaid-Smith and Fairley44 analyzed 102 
pregnancies in 65 women with IgA glomerulonephritis and 
noted that hypertension occurred in 63% of pregnancies, and it 
was severe in 18%. In this subset of women, a decline in renal 
function was observed in 22%. Abe45 reported 240 pregnancies 
in 166 women with preexisting glomerular disease and found 
that 8% of the pregnancies resulted in a spontaneous abortion, 
6% in a stillbirth, and 86% in a liveborn infant. Most losses 
occurred in women with a GFR less than 70 mL/min and pre
existing hypertension. Even though the majority of women with 
significant renal insufficiency had good pregnancy outcomes, the 
long-term prognosis for these cases was worse if the GFR was 
less than 50 mL/min and the serum creatinine was more than
1.5 mg/dL.4'1 The histopathogenic diagnosis of membranopro- 
liferative glomerulonephritis seemed to carry the worst progno
sis: 29% developed hypertension and 33% demonstrated a 
long-term decrease in renal function.

Imbasciati and Ponticelli46 summarized six studies that 
comprised a total o f 906 pregnancies in 558 women with 
preexisting glomerular disease. The overall perinatal mortal
ity was 13% . Hypertension, azotemia, and nephrotic-range 
proteinuria were the strongest predictive factors for a poor 
pregnancy outcome. In this report, the histologic type of glo
merulonephritis had little correlation with pregnancy outcome. 
Hypertension persisted in 3% to 12% of patients who developed 
hypertension for the first time during pregnancy. In 25% of 
patients, hypertension worsened during pregnancy and normal
ized postpartum.46 Some of these cases represented superim
posed preeclampsia. However, this diagnosis can be difficult to 
establish in women with baseline hypertension and proteinuria. 
Remarkably, only 3% of these 166 women experienced an accel
eration of their glomerular disease after pregnancy.

Acute Renal Failure in Pregnancy
Acute renal failure (ARF) is defined as a urine output o f less
than 400 mL in 24 hours. To establish the diagnosis, ureteral 
and urethral obstruction must be excluded. The incidence of 
ARF during pregnancy is approximately 1 per 10,000. It is most 
frequently observed following sepsis or in cases of sudden severe 
volume depletion as a result of hemorrhage.4’ ARF may also be 
observed with marked volume contraction associated with severe 
preeclampsia,48'49 dehydration from hyperemesis gravidarum, 
and with acute fatty liver of pregnancy.48,51

The incidence of ARF in pregnancy has decreased over the 
years. Stratta and colleagues52 reported 81 cases of pregnancy- 
related ARF between 1958 and 1987, which accounted for 9% 
of the total number of ARF cases that required dialysis during 
that time. In three successive 10-year periods (1958-1967,

1968-1977, and 1978-1987), the incidence of pregnancy- 
related ARF fell from 43% to 2.8% of the total number of cases 
of ARF. The incidence declined from 1 in 3000 to 1 in 15,000 
pregnancies over the study period.52 In these 81 cases of ARF,
11.6% experienced irreversible renal damage, the majority of 
which occurred in the setting of severe preeclampsia-eclampsia.52

Renal ischemia is a common phenomenon in cases o f ARE 
W ith mild ischemia, quickly reversible prerenal failure 
results; with more prolonged ischemia, acute tubular necro
sis occurs. This process is also reversible because glomeruli 
are not affected. Severe ischemia, however, may produce 
acute cortical necrosis. This pathology is irreversible, although 
on occasion, a small amount of renal function is preserved.53 
Stratta and colleagues54 have reported 17 cases of ARF compli
cating pregnancies over 15 years, and all were observed in the 
setting of preeclampsia-eclampsia; cortical necrosis occurred in 
29.5%  of the cases, and progression of ARF to cortical necrosis 
did not appear to be related to maternal age, parity, gestational 
age, duration of preeclampsia prior to delivery, or eclamptic 
seizures. The only significant risk factor associated with corti
cal necrosis was placental abruption. In another study, Turney 
and coworkers16 demonstrated that acute cortical necrosis, which 
occurred in 12.7% of their patients with ARF, was associated 
with a 100% mortality within 6 years.

Sibai and colleagues55 studied the remote prognosis in 31 
consecutive cases of ARF in patients with hypertensive disorders 
of pregnancy. Eighteen of the 31 patients had “pure” preeclamp
sia, whereas 13 pregnancies had other hypertensive disorders and 
renal disease; of the 18 patients with pure preeclampsia, 5% 
required dialysis during hospitalization, and all 18 patients had 
acute tubular necrosis. O f the other 13 women, 42% required 
dialysis, and three patients had bilateral cortical necrosis. The 
majority o f pregnancies in both groups were complicated 
by placental abruption and hemorrhage.55 All 16 surviving 
patients in the pure preeclampsia group recovered normal renal 
function on long-term follow-up. Conversely, 9 of the 11 surviv
ing patients in the nonpreeclamptic group required long-term 
dialysis, and four ultimately died of end-stage renal disease.55 In 
a follow-up study, Turney and colleagues16 found that maternal 
survival was adversely affected by increasing age. Their 1-year 
maternal survival rate was 78.6% , and follow-up of survivors 
showed normal renal function up to 31 years after ARF.

Individuals with reversible ARF experience a period 
o f oliguria o f variable duration followed by polyuria, or 
a high-output phase. It is important to recognize that 
BUN and serum creatinine levels continue to rise early in the 
polyuric phase. During the recovery phase, urine output 
approaches normal. In these patients, it is important to monitor 
electrolytes frequently and to carefully treat any imbalance. The 
urine to plasma osmolality ratio should be determined early in 
the course of the disease. If the ratio is 1.5 or greater, prerenal 
pathology is likely, and the disorder tends to be of shorter dura
tion and of less severity. A ratio near 1.0 suggests acute tubular 
necrosis.

The main goal of treatment is the elimination of the underly
ing cause. Volume and electrolyte balance must be evaluated 
frequently. To assess volume requirements, invasive hemody
namic monitoring may be useful. This is especially true during 
the polyuric phase. Central hyperalimentation may also be 
required if  renal failure is prolonged.

Acidosis frequently occurs in cases of ARF. Therefore, arterial 
blood gases should be followed regularly. Acidosis must be
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treated promptly because it can exacerbate hyperkalemia, 
which can be fatal. If hyperkalemia develops, potassium restric
tion should be instituted immediately. Sodium bicarbonate, 
used to treat acidosis, may overload the patient with sodium and 
water. In such cases, peritoneal dialysis or hemodialysis may be 
necessary. The main indications for dialysis in ARF o f preg
nancy are hypernatremia, hyperkalemia, severe acidosis, 
volume overload, and worsening uremia.

Hemolytic Uremic Syndrome
The hemolytic uremic syndrome (HUS) is a rare idiopathic 
disorder that must be considered when a patient exhibits 
signs o f hemolysis and decreasing renal function, par
ticularly during the third trimester and in the postpartum 
period. This idiopathic syndrome may occur as early as the first 
trimester and as late as 2 months postpartum, and it is part of 
a spectrum of disease that may also include thrombotic throm
bocytopenic purpura (TTP; see Chapter 44 ).16,56 59 Most indi
viduals have no predisposing factors. Prodromal symptoms 
include vomiting, diarrhea, and a flulike illness. A review of 49 
cases documented a 61% mortality rate, although with improved 
intensive care monitoring and treatment, the prognosis is now 
much improved.

Disseminated intravascular coagulation (DIC) with hemo
lysis usually accompanies HUS. However, DIC is not the 
cause o f the syndrome. Microscopically, the kidney shows 
thrombotic microangiopathy. The glomerular capillary wall 
is thick, and biopsy specimens taken later in the course of 
the disease show severe nephrosclerosis and deposition o f the 
third component o f complement (C3).

Some investigators believe that this syndrome is due to 
decreased renal production of prostacyclin,60’61 infusions of 
which have been used to treat these patients, although such 
therapy remains experimental. One observer noted a decrease in 
antithrombin III in a woman with postpartum HUS. This 
patient was successfully treated with an infusion of antithrombin
III concentrate.62

Coratelli and coworkers56 reported a case of HUS diagnosed 
at 13 weeks’ gestation and confirmed by renal biopsy. Circulat
ing endotoxin was detected and was progressively reduced by 
hemodialysis performed daily from the third to the ninth day of 
the disease. Complete normalization of renal function occurred 
by day 34. These investigators propose that initiation of early 
dialysis may play an important role in supporting patients 
through the disease process. They also propose that endotoxins 
are key pathogenic factors in the disorder.56 In contrast, Li and 
coworkers63 failed to measure any endotoxin in a patient’s serum 
who developed HUS after an uncomplicated cesarean delivery; 
this patient eventually underwent dialysis and recovered. Plasma 
exchange in cases o f ARF caused by postpartum HUS can be 
vital to the treatment o f this condition.61

Polycystic Kidney Disease
Adult polycystic kidney disease is an autosomal-dominant dis
order that usually begins to manifest during the fifth decade of 
life. Reproductive-age women may occasionally display symp
toms, and hypertension is a key component of this disorder. II 
a woman with adult polycystic kidney disease becomes pregnant, 
hypertension may be greatly exacerbated and may not improve 
following delivery.46 However, the overall prognosis for the dis
order does not appear to worsen with an increasing number of 
pregnancies.

Vesicoureteral Reflux
Although vesicoureteral reflux may be exacerbated with preg
nancy, it usually does not result in morbidity unless reflux 
becomes severe. If reflux is significant enough to warrant surgery, 
this should ideally be undertaken prior to pregnancy. Even with 
surgical correction, women with ureterovesical reflux remain at 
increased risk for pyelonephritis and should have urine cultures 
performed frequently.46 If indicated prior to pregnancy, antibi
otic suppression should be continued.

Brandes and Fritsche64 have reported a case of ARF that 
resulted from ureteral obstruction by a gravid uterus. This case 
was complicated by a twin gestation with polyhydramnios at 34 
weeks’ gestation. The serum creatinine level peaked at 12.2 mg/ 
dL but resolved immediately after amniotomy.64 In cases remote 
from term, ureteral stenting or dialysis may be necessary if  sig
nificant obstruction and/or reflux is present.

Renal Artery Stenosis
Renal artery stenosis is rarely discovered during pregnancy.65 
This disorder may present as chronic hypertension with super
imposed preeclampsia or as recurrent isolated preeclampsia. 
Although Doppler flow studies may be suggestive, renal angiog
raphy is the most specific and sensitive diagnostic test. Percuta
neous transluminal angioplasty can be carried out at the time of 
angiography.65

Nephrotic Syndrome
The nephrotic syndrome was initially described as a 24-hour 
urine protein excretion equal to or in excess o f 3.5 g, reduced 
serum albumin, edema, and hyperlipidemia.1" Currendy, the 
syndrome is defined by proteinuria alone, which is often the 
result o f glomerular damage.66 The most common etiology of 
nephrotic syndrome in pregnancy, especially in the third trimes
ter, is preeclampsia. Other etiologies include membranous and 
membranoproliferative glomerulopathy, minimal change glo
merulopathy, lupus nephropathy, hereditary nephritis, diabetic 
nephropathy, renal vein thrombosis, and amyloidosis.67

Women with a newly diagnosed or persistent nephrotic syn
drome need close monitoring during pregnancy. Whenever pos
sible, the etiology of the proteinuria should be determined. In 
some cases, steroid therapy may be used to treat this condition; 
however, depending on the etiology, its use can actually aggra
vate the underlying disease process.6. One common complica
tion of nephrotic syndrome in pregnancy is profound edema 
secondary to protein excretion, which is further complicated by 
the normal decline in serum albumin associated with preg
nancy.67 Another complication is the development of a hyper- 
coagulable state precipitated by urinary losses of antithrombin
III, reduced levels of proteins C  and S, hyperfibrinogenemia, 
and enhanced platelet aggregation.68 For this reason, prophylac
tic anticoagulation may be considered for affected pregnant 
women.

CHRONIC RENAL DISEASE IN PREGNANCY
Chronic renal disease can be silent until its advanced stages. 
Because obstetricians routinely test women’s urine for the 
presence o f protein, glucose, and ketones, they may be the 
first to detect chronic renal disease.

Any gravida with more than trace proteinuria should collect 
a 24-hour urine specimen for creatinine clearance and total 
protein excretion. Prior to pregnancy, 24-hour urinary protein
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excretion should not exceed 0.2 g. During gestation, quantities 
up to 0.3 g per day may be considered normal (see Chapter 3). 
Moderate proteinuria (<2 g/day) is often seen with glomerular 
disease.

Microscopic examination o f the urine can reveal much 
about renal status. If renal disease is suspected, a catheterized 
specimen should be obtained. More RBCs than one to two 
per high-power field (hpf) or RBC casts are indicative of 
glomerular disease. Less frequently, they suggest trauma or 
malignant hypertension. Increased numbers of white blood cells 
(W BCs)— that is, more than one to two per high-power field— 
or the appearance of W BC casts is usually indicative of acute or 
chronic infection. Cellular casts are found in the presence of 
renal tubular dysfunction, and hyaline casts are associated with 
significant proteinuria.

The obstetrician can easily be misled when relying 
solely on BUN and serum creatinine levels to assess renal 
function. A  70%  decline in creatinine clearance, an indirect 
measure o f GFR, can be seen before a significant rise in 
serum BUN or serum creatinine occurs. Little change in 
serum creatinine or in the BUN may be observed until the 
creatinine clearance falls below 50 mL/min. Below that level, 
small decrements in creatinine clearance can lead to marked 
azotemia as reflected by significant increases in serum BUN and 
creatinine. A single creatinine clearance value less than 
100 mL/min is therefore not diagnostic o f renal disease. An 
incomplete 24-hour urine collection is the most frequent 
cause o f this finding. An abnormal clearance rate should 
prompt a repeat assay.

Serum urate is an often overlooked but helpful parameter in 
detecting renal dysfunction. Excretion o f uric acid is depen
dent not only on glomerular filtration but also on tubular 
secretion. Therefore an elevated serum urate in the presence of 
a normal BUN and serum creatinine may implicate tubular 
disease, and a solitary increase in uric acid may also signify 
impending or early preeclampsia.

Effect of Pregnancy on Renal Function
Although baseline creatinine clearance is decreased in women 
with chronic renal insufficiency, a physiologic rise will often 
occur in pregnancy. A moderate fall in creatinine clearance 
may then be observed during late gestation in patients with 
renal disease. This decline is typically more severe in women 
with diffuse glomerular disease and typically reverses after 
delivery.

The long-term effect o f pregnancy on renal disease remains 
controversial. I f the serum creatinine is less than 1.5 mg/dL, 
pregnancy appears to have little effect on the long-term prog
nosis. However, pregnancy is associated with an increased inci
dence of pyelonephritis in patients with chronic renal disease. 
Few data are available concerning the long-term effect of preg
nancy on renal disease in women with significant azotemia. 
Occasionally, some women with a baseline serum creatinine 
o f more than 1.5 mg/dL will experience a significant decrease 
in renal function during gestation that does not improve 
during the postpartum period. ' This deterioration occurs 
more frequently in women with diffuse glomerulonephritis; 
however, it is not possible to predict which women with renal 
insufficiency will have a permanent decline in renal function. 
Moreover, if  renal function significantly deteriorates during ges
tation, termination of pregnancy may not reverse the process. 
Therefore termination cannot be routinely recommended for

patients who become pregnant and whose baseline serum cre
atinine level exceeds 1.5 mg/dL solely based on the consider
ation of preserving maternal renal function. Ideally, women with 
chronic renal disease should be counseled prior to conception 
about the potential decline in renal function.

Severe hypertension remains the greatest threat to a preg
nant patient with chronic renal disease. Left uncontrolled, 
hypertension can lead to cerebral hemorrhage and deteriorating 
renal function. Most pregnant women with chronic renal dys
function also have preexisting hypertension.11' 0 Approximately 
50% of these women will have worsening hypertension as preg
nancy progresses, and diastolic blood pressures of 110 mm Hg 
or greater will develop in about 20% of cases. 1 Those women 
with diffuse proliferative glomerulonephritis and nephrosclerosis 
appear to be at the greatest risk for the development of severe 
hypertension.

Worsening proteinuria is common during pregnancy 
complicated by chronic renal disease and often reaches the 
nephrotic range. 1 In general, massive proteinuria alone does 
not carry an increased risk for mother or fetus.72 Low serum 
albumin, however, has been correlated with low birthweight.73 
The development of massive proteinuria is not necessarily a 
harbinger of preeclampsia, although women with proteinuria are 
clearly at increased risk for this complication. In late pregnancy, 
it can be particularly difficult to differentiate preeclampsia 
from worsening chronic renal disease. For this reason, an 
evaluation in the first trimester to establish a baseline for 
creatinine clearance and total protein is essential.

Effect of Chronic Renal Disease on Pregnancy
More than 85%  o f women with chronic renal disease will 
have a surviving infant if renal function is well preserved.
Earlier reports were more pessimistic and cited a 6% incidence 
of stillbirth, a 5% incidence of neonatal death, and an increased 
risk for second-trimester loss. 1 If hypertension is uncontrolled 
and if  renal function deteriorates, the likelihood of pregnancy 
loss is still high.41 Antepartum fetal surveillance and advances 
in neonatal care have contributed to an improved perinatal 
outcome in these patients. One study reported a total fetal loss 
rate of 14% that included miscarriage, stillbirths, and neonatal 
deaths.70

The oudook for pregnancies complicated by severe renal 
insufficiency with a baseline serum creatinine level more than
1.5 mg/dL is less certain. This is due in part to the limited 
number o f pregnancies reported in these women. One study 
reported no surviving infants when the maternal BUN was 
greater than 60 mg/dL. 2 Other investigations, however, have 
found that about 80% of such pregnancies resulted in surviving 
infants.70,74 Preterm birth and IUGR remain important com
plications, with the reported incidence o f preterm birth 
ranging from 20%  to 50%. 1 5

Imbasciati and Ponticelli41’ summarized three studies that 
comprised 81 pregnancies in 78 women with serum creatinine 
concentrations greater than 1.4 mg/dL. The perinatal loss rate 
was only 9%. However, 33% of the infants were growth 
restricted, and 50% were born preterm secondary to either 
maternal or fetal indications. O f concern, 33% of the women 
showed acceleration of their renal disease after delivery. Some 
individuals believe that growth restriction may be due to the 
lack of normal plasma volume increase as the pregnancy pro
gresses. Cunningham and colleagues76 demonstrated that women 
with moderate renal dysfunction exhibit increased creatinine
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clearance and plasma volume expansion during gestation, 
whereas women with severe renal dysfunction generally do not/

Management of Chronic Renal Disease 
in Pregnancy
A 24-hour urine collection for creatinine clearance and total 
protein excretion should be obtained in women with known 
renal disease as soon as the pregnancy is confirmed. Ihese 
parameters should be monitored periodically. A general guide
line is to see patients every 2 weeks until 32 weeks’ gestation 
and weekly thereafter.

Control o f hypertension is critical in managing patients 
with chronic renal disease. Home blood pressure monitoring 
is advised for women with underlying hypertension, and 
(3-blockers, calcium channel blockers, and hydralazine can 
be used to treat blood pressure effectively as long as the 
dosages are monitored carefully. Clonidine is occasionally 
useful in refractory patients. Doxazosin and prazosin may also 
be used if  necessary. Angiotensin-converting enzyme (ACE) 
inhibitors are contraindicated because these drugs have been 
associated with fetal and neonatal oliguria/anuria7 ' 8 as well as 
anomalies.79 In one study, 1 of 19 exposed infants had anuria 
and required dialysis.77'76 Congenital anomalies, including 
microcephaly and encephalocele, have been associated with the 
use of ACE inhibitors (see Chapter 8). s

The use o f diuretics in pregnancy is controversial. " s For 
massive debilitating edema, a short course o f diuretics can be 
helpful, although electrolytes must be monitored carefully. 
Salt restriction does not appear to be beneficial once edema 
has developed; however, it should be instituted without hesi
tation in pregnant women with true renal insufficiency.

Fetal growth should be assessed with serial ultrasonography, 
because growth restriction is common in women with chronic 
renal disease. Antepartum fetal heart rate testing is often in iti
ated at 28 to 32 weeks’ gestation.11

If the patient manifests anemia in the presence of chronic 
renal disease, use of erythropoietin (EPO) may be considered. 
Because of the molecule’s large size, recombinant EPO does not 
appear to cross the placenta. No cases of fetal morbidity or 
mortality were noted in a literature review8" that spanned from 
2002 through 2012. Use of EPO may be especially important 
for women who decline blood products.s~ One area of concern 
when using EPO in these patients is the possible exacerbation 
of hypertension.83 8'1

The timing o f delivery should be individualized. Maternal 
indications for delivery include uncontrollable hypertension, 
the development o f superimposed preeclampsia, and decreas
ing renal function after fetal viability has been reached. Fetal 
indications are dictated by assessment o f fetal growth and 
biophysical testing.

Renal biopsy is rarely indicated during pregnancy, and it 
is not advised after 34 weeks’ gestation, when delivery o f the 
fetus and subsequent biopsy would prove a safer alternative. 
Excessive bleeding secondary to the greatly increased renal blood 
flow has been reported by some but not all observers.80 " If 
coagulation indices are normal and blood pressure is well con
trolled, morbidity should be no greater than that observed in 
the nonpregnant individual.86 Packham and Fairley87 reported a 
series of 111 renal biopsies performed in 104 pregnant women 
over 20 years. The complication rate was 4.5% . The most likely 
clinical dilemma necessitating renal biopsy in a pregnant woman 
would be the development of nephrotic syndrome and

increasing hypertension between 22 and 32 weeks’ gestation. In 
this case, renal biopsy can distinguish chronic renal disease from 
preeclampsia and could significantly impact management.

Hemodialysis in Pregnancy
Women with chronic hemodialysis can have successful 
pregnancies.88 94 However, many women with chronic renal 
failure experience oligomenorrhea, and their fertility is often 
impaired. These women commonly fail to use contraception; 
therefore it is important that testing be undertaken if a preg
nancy is suspected.

As in all patients with impaired renal function, the most 
important aspect o f care is meticulous control o f blood pres
sure. During dialysis, wide fluctuations in blood pressure can 
occur.96 Sudden volume shifts should be avoided because they 
may compromise fetal well- being.Il )_ In late pregnancy, con
tinuous fetal heart rate monitoring should be carried out during 
dialysis.97 If possible, positioning on the left side with uterine 
displacement away from the vena cava is preferred. During dialy
sis, careful attention to electrolyte balance is advised. Because 
pregnant women are in a state of chronic compensated respira
tory alkalosis, a large reduction in serum bicarbonate should be 
avoided. Dialysates that contain glucose and bicarbonate are 
preferred, and those containing citrates should be avoided.

Women should be counseled that a successful pregnancy 
will often require longer and more frequent periods o f dialy
sis,89'94'96’98 and a dose response to dialysis and pregnancy 
outcome is apparent. A  recent study that compared outcomes 
in patients with end-stage renal disease (ESRD) found a 
dose response between dialysis intensity and pregnancy out
comes emerged, with live birth rates o f 48%  in women dia
lyzed <20 hours per week and 85%  in women dialyzed >36 
hours per week (P = .02), with a longer gestational age and 
greater infant birthweight for women dialyzed more inten
sively. Pregnancy complications were few and manageable. We 
conclude that pregnancy may be safe and feasible in women with 
ESRD receiving intensive hemodialysis.”” A diet that includes 
at least 70 g of protein and 1.5 g of calcium daily is recom
mended. Weight gain should be lim ited to 0.5 kg between dialy
sis sessions. Chronic anemia is often a problem in patients on 
hemodialysis. The hematocrit should be kept above 25%, and 
transfusion with packed RBCs or EPO therapy may be necessary 
to accomplish this objective.8’

Criteria for initiating hemodialysis during pregnancy is 
controversial.100 Some investigators believe that beginning 
regular hemodialysis in patients with moderate renal insuf
ficiency may improve pregnancy outcome. Redrow and 
coworkers92 reported 14 pregnancies in 13 women undergoing 
dialysis, 10 of which were successful. Five of eight pregnancies 
managed with chronic ambulatory peritoneal dialysis or chronic 
cycling peritoneal dialysis utilizing an automatic cycler for short 
exchanges were successful. The investigators hypothesize several 
advantages for peritoneal dialysis that include a more constant 
chemical and extracellular environment for the fetus, higher 
hematocrit levels, infrequent episodes of hypotension, and no 
need for heparin. They also postulate that intraperitoneal insulin 
facilitates the management of blood glucose in patients with 
diabetes and that intraperitoneal magnesium used in the dialy- 
sate reduces the likelihood of preterm labor.

Preterm birth occurs more frequently in women undergo
ing dialysis.101 Progesterone is removed during dialysis, and at 
least one group has advocated that parenteral progesterone
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therapy should be administered to the patient undergoing dialy
sis.102 In their review, Yasin and Bey Doun '1 report a 40.7%  
incidence of premature labor.

Renal Transplant
Pregnancy following renal transplantation has become in
creasingly common.103 Many previously anovulatory patients 
begin ovulating postoperatively and regain fertility as renal 
function normalizes."14 As with women who receive hemodi
alysis, many transplant recipients do not recognize that they are 
pregnant until well into the second trimester. A recent report of 
all women in the United Kingdom who became pregnant after 
a renal transplant included 105 pregnancies identified in 101 
recipients. The median prepregnancy creatinine was 1.3 mg/ 
dL. Preeclampsia developed in 24% compared with 4% of the 
comparison group. Median gestation at delivery was 36 weeks, 
and 52% of these women delivered before 37 weeks. Twenty- 
four infants (24%) were small for gestational age (SGA; <10th 
centile). Two cases of acute rejection were reported (2%). Po
tential predictive factors for poor pregnancy outcome included 
more than one previous kidney transplant (P = .03), first- 
trimester serum creatinine greater than 1.4 mg/dL (P = .001), 
and diastolic blood pressure over 90 mm Hg in the second 
(P=  .002) and third trimesters (P = .05).105 Similar studies have 
provided consistent results and have demonstrated an overall 
lower rate of morbidity and adverse pregnancy complications 
when compared with patients with ESRD on dialysis.106 These 
outcomes hold true even for women who received a renal trans
plant during childhood. Wyld and colleagues107 found that preg
nancy outcomes for these women are similar to those for more 
recent transplant recipients, with no difference in the rates of 
live births, SGA infants, or gestational age at delivery.

Many transplant recipients will discontinue all medica
tions after discovering they are pregnant. The importance o f 
continuing immunosuppressive therapy cannot be empha
sized strongly enough to renal allograft recipients. Glucocor
ticoids, especially prednisone, are metabolized in the placenta by
11 (3-hydroxysteroid dehydrogenase type 1 ( l l( i-H S D l) , and 
only limited amounts reach the fetus.108 Azathioprine cannot be 
activated in the fetus because of its lack of inosinate pyrophos- 
phorylase.109 Azathioprine has been shown to cause decreased 
levels of IgG and IgM as well as a smaller thymic shadow on 
chest x-ray in these neonates.110 Chromosomal aberrations, 
which cleared within 20 to 32 months, have also been demon
strated in lymphocytes of infants exposed to azathioprine in 
utero.111 The long-term implications of this treatment are not 
yet known, and IUGR has also been reported in infants born to 
mothers receiving this medication.112 These risks are clearly out
weighed by the benefits, including reducing the risk of allograft 
rejection that may occur if medication is discontinued. O f note, 
a single report describes a successful kidney transplant during 
pregnancy in the first trimester. The patient received a kidney 
from her father at approximately 13 weeks’ gestation, and she 
went on to experience a successful pregnancy.113

Cyclosporine A appears to be relatively safe for use during 
gestation but does hold some risks. Women may develop 
arterial hypertension secondary to its interference with the 
normal hemodynamic adaptation to pregnancy.114 Cylospo- 
rine metabolism appears to be increased during pregnancy and, 
as such, the dose may need to be increased to maintain thera
peutic levels.115 Cyclosporine crosses the placenta, and although 
no evidence of teratogenesis exists, its safety in pregnancy has

not been established.116,117 In the absence of maternal hyperten
sion, IUGR has been reported with use of cyclosporine A.118 
However, most women who receive cyclosporine have had no 
complications attributable to the drug, and the risk of allograft 
rejection certainly outweighs the risk to the fetus from the 
medication.

Mycophenolate mofetil (MMF) has been shown to cause 
adverse effects on fetal development and is associated with 
first-trimester loss and congenital defects. These anomalies 
include cleft lip and palate, limb anomalies, heart defects, 
and renal anomalies.119 This drug is contraindicated in 
pregnancy.

Sirolimus is also contraindicated in pregnancy. This medi
cation has been shown to be embryotoxic and is associated 
with increased fetal mortality.119 It is recommended that 
women who wish to conceive be switched from this medication 
prior to becoming pregnant.119

Tacrolimus has been poorly studied in pregnancy. In 100 
pregnancies in patients who were taking tacrolimus, 68 live 
births were reported, 60% of which were premature. Four 
infants had malformations, but no consistent pattern of anoma
lies was reported.120 Patients taking tacrolimus require frequent 
monitoring of renal function and their drug levels.

Davison121 reviewed 1569 renal transplants in 1009 women 
and found that 22%  o f the women elected to abort their 
pregnancies, 16%  had a spontaneous abortion, and 8% expe
rienced perinatal deaths. Furthermore, he observed that 45% 
of the surviving pregnancies were delivered preterm, and 
22%  were complicated by IUGR. In addition, 3% of the 
infants were born with major malformations, a rate no dif
ferent from that expected in the background population. 
Preeclampsia complicated 30%  o f the pregnancies, but 
as previously noted, the diagnosis is difficult to make in a 
patient who may already have hypertension and proteinuria. 
The allograft rejection rate in these women was 9%, a rate 
no different from that expected in a nonpregnant popula
tion.121 The long-term rejection rate was also the same as for 
women who had not experienced a pregnancy.

During pregnancy, renal allograft recipients must be care
fully watched for signs of rejection. As previously mentioned, 
significant episodes of rejection may occur in as many as 9% of 
transplant recipients during gestation. Unfortunately, the clini
cal hallmarks o f rejection— fever, oliguria, tenderness, and 
decreasing renal function— are not always exhibited by the 
pregnant patient. Occasionally, rejection may mimic pyelo
nephritis or preeclampsia, which occurs in approximately 
one-third o f renal transplant patients. In these cases, renal 
biopsy is indicated to distinguish rejection from preeclampsia. 
Rejection has been known to occur during the puerperium, 
when maternal immune competence returns to its prepregnancy 
level.122 Therefore it may be advisable to increase the dose of 
immunosuppressive medications in the immediate postpartum 
period.

Infection can be disastrous for the renal allograft; there
fore urine cultures should be obtained at least monthly 
during pregnancy, and any bacteriuria should be aggressively 
treated. It is crucial to recognize that the allograft is dener- 
vated, and pain may not accompany pyelonephritis; the only 
symptoms may be fever and nausea.

Renal function, as determined by 24-hour creatinine clear
ance and protein excretion, should be assessed monthly. Approx
imately 15% of transplant recipients will exhibit a significant
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BOX 39-2 GUIDELINES FOR RENAL ALLOGRAFT 
RECIPIENTS CONSIDERING PREGNANCY

• W ait 2 years a fter cadaver transp lan t o r 1 year a fter a 
gra ft from  a liv ing  donor.

• Im m u n o s u p p re s s io n  s h o u ld  be at m a in te n a n c e  leve ls .
• Plasma creatin ine should  be <1.5 m g/dL.
• H ypertension should be absent or easily con tro lled.
• M in im a l to  no pro te inuria  should  be present.
• A ctive gra ft re jection shou ld  not be evident.
• No pelvica lyceal d istension should be apparent on a 

recent u ltrasound or in travenous pye logram .
• Prednisone dose should be 15 m g/day.
• A zath ioprine dose should  be 2 m g/kg/day.
• Cyclosporine A  dose should  be 2-4 m g/kg (available data 

on the use o f th is  drug in pregnancy includes <150 
patients).

Modified from  Lindheim er M, Katz A. Pregnancy in the renal transplant 
patient. A m  J  K idn e y  Dis. 2000;19:173.

decrease in renal function in late pregnancy.67 This condition 
usually, but not always, reverses after pregnancy. Proteinuria 
develops in about 40% of patients near term but most often 
disappears soon after delivery unless significant hypertension is 
present.

Similar to women with chronic renal disease, serial ultra
sonography should be used to assess fetal growth, and ante
partum fetal heart rate testing should be considered at 28 to 
32 weeks’ gestation. Approximately 50%  o f renal allograft 
recipients will deliver preterm. Preterm labor, preterm rupture 
of membranes, and IUGR are commonly observed. Cesarean 
delivery is reserved for obstetric indications. Allograft recipients 
may have an increased frequency of cephalopelvic disproportion 
from pelvic osteodystrophy as a result of prolonged renal disease 
with hypercalcemia or extended steroid use.123 The transplanted 
kidney, however, rarely obstructs vaginal delivery despite its 
pelvic location.

Although many successful pregnancies have been reported in 
renal allograft recipients, no consensus has been reached as to 
when it is safe to attempt pregnancy after transplantation. Lind
heimer and Katz124 have suggested some guidelines, which are 
summarized in Box 39-2.

KEY POINTS

♦ Asymptomatic bacteriuria complicates 5% to 7% of 
pregnancies. If left untreated, it w ill result in symptom
atic urinary tract infections in 40% of women.

♦ Pyelonephritis complicates 1% to 2% of pregnancies 
and generally requires inpatient treatment.

♦ Women with glomerular disease can have successful 
pregnancies, but pregnancy loss rates increase greatly if  
the patient has preexisting hypertension.

♦ Creatinine clearance can decline 70% before significant 
increases are seen in the BUN or serum creatinine level. 
Therefore a 24-hour urine specimen for creatinine clear
ance should be collected from any pregnant woman 
with underlying renal disease.

♦ The chance of a successful pregnancy outcome is reduced 
if the creatinine clearance is less than 50 mL/min or if 
the serum creatinine level is more than 1.5 mg/dL.

♦ Severe hypertension poses the greatest threat to the 
pregnant woman with chronic renal disease.

♦ Growth restriction and preeclampsia are common com
plications in women with chronic renal disease. Fre
quent sonograms and antepartum fetal surveillance at 
28 weeks’ gestation are recommended in affected 
pregnancies.

♦ Women with chronic renal disease are often anovula
tory. Following transplantation, ovulation may resume, 
which can result in an unplanned pregnancy.

♦ Women should wait 2 years after receiving a cadaver 
renal allograft and 1 year after receiving a living allograft 
before attempting conception. Furthermore, no signs of 
allograft rejection should be apparent.

♦ Renal transplant patients may remain on cyclosporine 
or azathioprine throughout gestation, although levels 
may need to be adjusted during pregnancy. Other 
immunosuppressive medications such as mycopheno- 
late mofetil and sirolimus are contraindicated.

♦ Renal function may decline as a result of pregnancy 
among patients with renal disease. An increased risk 
for this decline is observed in women with an ele
vated serum creatinine level (above 1.5mg/dL) and 
hypertension.
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 863

FIG 40-1 Perinatal mortality rate in pregnancy complicated by insulin- 
dependent diabetes mellitus.

Insulin therapy was introduced nearly 100 years ago and remains 
perhaps the most important landmark in the care of pregnancy 
for the diabetic woman. Before insulin became available, preg
nancy was not advised because it was likely to be accompanied 
by fetal mortality and also came with a substantial risk for 
maternal death. Over the past 30 years, however, management 
techniques have been developed that can prevent many compli
cations associated with the diabetic pregnancy. These advances, 
based on our understanding of the pathophysiology, have 
resulted in perinatal mortality rates in optimally managed cases 
that approach those of the normal population. This dramatic 
improvement in perinatal outcome can be largely attributed to 
clinical efforts to establish improved maternal glycemic control 
both before conception and during gestation (Fig. 40-1). Exclud
ing major congenital malformations, which continue to plague 
pregnancies in women with preexisting (type 1 and type 2) 
diabetes mellitus (DM ), perinatal loss for the woman with dia
betes has fortunately become an uncommon event.

Although the benefit of careful regulation of maternal glucose 
levels is well accepted, failure to establish optimal glycemic 
control— as well as other factors— continues to result in signifi
cant perinatal morbidity. C linical experience has also resulted in 
recognition of the impact that vascular complications can have 
on pregnancy and the manner in which pregnancy can affect 
these disease processes. W ith current management techniques 
and a skilled, organized team approach, successful pregnancies 
have become the norm even for women with significant com
plications of DM.

Gestational diabetes mellitus (GDM), the most common type 
of diabetes found in pregnancy, is increasing in frequency world
wide. GDM continues to represent a significant challenge for 
both clinicians and investigators. After nearly 60 years since the 
concept of GDM was introduced, and as a recent result of large- 
scale observational studies and treatment trials, the clinical sig
nificance of this disorder is now accepted. However, controversy 
still remains concerning screening techniques, diagnostic crite
ria, thresholds for insulin initiation, and whether oral hypogly
cemic agents are a suitable treatment.

Before considering these clinical issues, it is important to 
review the metabolic effects of pregnancy in relation to the 
pathophysiology of DM.

PATHOPHYSIOLOGY 
Normal Glucose Tolerance
Significant alterations occur in maternal metabolism during 
pregnancy, which provide for adequate maternal nutritional

stores in early gestation to meet the increased maternal and fetal 
metabolic demands of late gestation and lactation. Although we 
are apt to think of DM as a disorder exclusively of maternal 
glucose metabolism, in fact DM affects all aspects o f nutrient 
metabolism. In this section we consider maternal glucose 
metabolism as it relates to pancreatic (3-cell production of insulin 
and insulin clearance, endogenous (i.e., primarily hepatic) 
glucose production, and suppression with insulin and peripheral 
glucose insulin sensitivity. We also address maternal protein and 
lipid insulin metabolism. Lastly, the effects of these alternations 
on maternal metabolism are examined as they relate to maternal 
energy expenditure and fetal growth.

Glucose Metabolism
Normal pregnancy has been characterized as a “diabetogenic 
state” because of the progressive increase in postprandial glucose 
levels and increased insulin response in late gestation. However, 
early gestation can be viewed as an anabolic state because of 
the increases in maternal fat stores and decreases in free fatty 
acid (FFA) concentration, particularly in normal weight and 
obese women. Garcia-Patterson and colleagues' have described 
significant decreases in maternal insulin requirements in early 
gestation in women with type 1 diabetes (Fig. 40-2). The mecha
nism for the decrease in insulin requirements has been ascribed 
to various factors that include increased insulin sensitivity and 
decreased substrate availability secondary to factors such as 
nausea, the fetus acting as a glucose sink, and enhanced maternal 
insulin secretion; however, the exact mechanism is not known. 
Longitudinal studies in women with normal glucose tolerance 
have shown significant alterations in all aspects of glucose 
metabolism as early as the end of the first trimester.2

Progressive increases are seen in insulin secretion in response 
to an intravenous (IV) glucose challenge with advancing gesta
tion (Fig. 40-3). The increases in insulin concentration are more 
pronounced in lean women, compared with obese women, most 
probably as a response to the greater decreases in insulin sensitiv
ity in lean women, as w ill be described later. Data regarding 
insulin clearance in pregnancy are limited. In separate studies, 
Bellman, Lind, and colleagues and Burt and Davidson reported 
no difference in insulin disappearance rate when insulin was 
infused intravenously in late gestation compared with nongravid 
subjects. In contrast, using a radiolabeled insulin, Goodner and 
Freinkel described a 25% increase in insulin turnover in a preg
nant compared with a nonpregnant rat model. Using the eugly- 
cemic clamp, Catalano and associates3 reported a 20% increase 
in insulin clearance in lean women and a 30% increase in insulin 
clearance in obese women by late pregnancy (Fig. 40-4). 
Although the placenta is rich in insulinase, the exact mechanism 
for the increased insulin clearance in pregnancy remains 
speculative.

Although there is a progressive decrease in fasting glucose 
with advancing gestation, this decrease is most probably a result 
of the increase in plasma volume in early gestation and the 
increase in fetoplacental glucose utilization in late gestation. 
Using various stable isotope methodologies in cross-sectional 
study designs, Kalhan and Cowett were the first to describe 
increased fasting hepatic glucose production in late pregnancy. 
Additionally, using a stable isotope of glucose in a prospective 
longitudinal study design, Catalano and coworkers4 reported a 
30%  increase in maternal fasting hepatic glucose production 
with advancing gestation (Fig. 40-5), which remained signifi
cant even after adjusting for maternal weight gain. Tissue
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FIG 40-2 Mean insulin requirements and self-monitored blood glucose in women with type 1 diabetes. (Modified from Garcia-Patterson A, Gich

2010:53:446.)
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FIG 40-3 Longitudinal increase in insulin response to an intravenous 
glucose challenge in lean and obese women with normal glucose 
tolerance: pregravid and early and late pregnancy. A, First phase: area 
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the curve from 5 to 60 minutes.
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FIG 40-4 Longitudinal increases in metabolic clearance rate of insulin 
(mL/m2/min) in lean and obese women with normal glucose tolerance: 
pregravid and early and late pregnancy.

sensitivity to insulin involves both liver and peripheral tissues, 
primarily skeletal muscle. The increase in fasting maternal 
hepatic glucose production occurs despite a significant increase 
in fasting insulin concentration, which indicates a decrease in 
maternal hepatic glucose sensitivity in women with normal 
glucose tolerance in late pregnancy. In obese women, a further 
decrease of insulin to suppress hepatic glucose production was 
seen in late gestation, thereby indicating a further decrease in 
hepatic insulin sensitivity in obese women.

Estimates of peripheral insulin sensitivity in pregnancy have 
included measurements of insulin response to a fixed oral or IV 
glucose challenge or the ratio of insulin to glucose under a 
variety of experimental conditions. Methodologies such as the 
minimal model and the euglycemic-hyperinsulinemic clamp 
have improved our ability to quantify peripheral insulin sensitiv
ity. In lean women in early gestation, Catalano and colleagues5 
reported a 40% decrease in maternal peripheral insulin sensitiv
ity using the euglycemic-hyperinsulinemic clamp. However, 
when adjusted for changes in insulin concentrations during the
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FIG 40-5 Longitudinal increase in basal endogenous (primarily hepatic) 
glucose production (mg/min) in lean and obese women with normal 
glucose tolerance: pregravid and early and late pregnancy.
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FIG 40-6 Longitudinal changes in the insulin sensitivity index (glucose 
infusion rate adjusted for residual endogenous glucose production and 
insulin concentrations achieved during the glucose clamp) in lean and 
obese women with normal glucose tolerance: pregravid and early and 
late gestation.

clamp and residual hepatic glucose production (i.e., the insulin 
sensitivity index), insulin sensitivity decreased only 10% (Fig. 
40-6). In contrast, a 15% increase was seen in the insulin sensi
tivity index in obese women in early pregnancy compared with 
pregravid estimates.6 Hence, the decrease in insulin require
ments in early gestation observed in some women may be a 
consequence of an increase in insulin sensitivity, particularly in 
women with decreased insulin sensitivity before conception.

Compared with the varied metabolic alterations in early 
pregnancy, consensus has been reached regarding the decrease 
in peripheral insulin sensitivity in late gestation. Spellacy and 
Goetz were among the first investigators to report an increase in 
insulin response to a glucose challenge in late gestation. Addi
tionally, Burt demonstrated that pregnant women experienced

less hypoglycemia in response to exogenous insulin in com
parison with nonpregnant subjects. Later research by Fisher 
and associates (using a high-dose glucose infusion test), 
by Buchanan and colleagues (using the Bergman minimal 
model), and by Ryan and coworkers and Catalano and asso
ciates2 (using the euglycemic-hyperinsulinemic clamp) all 
demonstrated a decrease in insulin sensitivity ranging from 
33%  to 78%  in late gestation. However, all these quantitative 
estimates of insulin sensitivity are overestimates because of non- 
insulin-mediated glucose disposal by the fetus and placenta. Hay 
and colleagues reported that in the pregnant ewe model, about 
one third of maternal glucose use was accounted for by uterine, 
placental, and fetal tissue. Additionally, Marconi and coworkers 
reported that based on human fetal blood sampling, fetal glucose 
concentration was a function of fetal size and gestational age in 
addition to maternal glucose concentration.

The decrease in insulin sensitivity during pregnancy has been 
ascribed to an increased production of various placental and 
maternal hormones, such as human placental lactogen (hPL), 
progesterone, estrogen, cortisol, and prolactin. However, recent 
evidence has focused on the role of several new mediators of 
insulin resistance such as leptin, tumor necrosis factor alpha 
(TN F-a), and resistin. Kirwan and coworkers8 reported that 
T N F -a was inversely correlated with the changes in insulin 
sensitivity from the time before conception through late gesta
tion. In combination with other placental hormones, multivari
ate stepwise regression analysis revealed that TNF-a was the 
strongest independent predictor o f insulin sensitivity in 
pregnancy, accounting for about half o f the variance in the 
decrease in insulin sensitivity during gestation.

Pregnancy has been characterized as a chronic low-grade 
inflammatory condition because of the increase in activation of 
circulating blood leukocytes.5 The inflammation of pregnancy is 
further enhanced by maternal prepregnancy obesity. This 
increase in low-grade inflammation, particularly observed in 
obese women, has been related to increases in macrophage infil
tration in both maternal white adipose tissue and the placenta. 
The increase in inflammation has been associated with increased 
circulating C-reactive protein (CRP) and interleukin-6 (IL-6). 
Both of these factors may exacerbate the increased insulin resis
tance previously noted in obese women with normal glucose 
tolerance because of effects on the postreceptor insulin-signaling 
cascade. These inflammatory cytokines may then relate to 
increased substrate availability for the developing fetus and resul
tant macrosomia.

Placental glucose transport is a process that takes place 
through facilitated diffusion. Glucose transport is dependent 
on a family of glucose transporters referred to as the GLUT 
glucose transporter fam ily. The principal glucose transporter in 
the placenta is GLUT1, which is located in the syncytiotro
phoblast.10 GLUT1 is located on both the microvillus and 
basal membranes. Basal membrane GLUT1 may be the rate- 
lim iting step in placental glucose transport. A twofold to three
fold increase is seen in the expression of syncytiotrophoblast 
glucose transporters with advancing gestation. Although GLUT3 
and GLUT4 expression have been identified in placental endo
thelial cells and intervillous nontrophoblastic cells, respectively, 
the role they may play in placental glucose transport remains 
speculative.

Debate has been ongoing regarding the location and/or func
tion of insulin receptors in the placenta. In early pregnancy, 
insulin receptors are abundant on the syncytiotrophoblast, the
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TABLE 40-1 M O D IF IE D  W H IT E  C L A S S IF IC A T IO N  OF P R E G N A N T  D IA B E TIC  W O M E N  
CLASS DIABETES ONSET AGE (yr) DURATION (yr) VASCULAR DISEASE NEED

Section VI Pregnancy and Coexisting Disease

Gestational Diabetes
A, Any Any
A2 Any Any
Pregestational Diabetes
B >20 <10
C 10 to 19 or 10 to 19
D <10 or >20
F Any Any
R Any Any
T Any Any
H Any Any

Modified from White P. Pregnancy complicating diabetes. Am J  Med. 1949;7:609.

cellular layer in contact with maternal blood. In late gestation, 
insulin receptors are increased on the placental vascular endo
thelium (i.e., in contact with fetal blood). Maternal insulin 
response in early pregnancy, as is often seen in women who are 
obese or who have diabetes, was strongly related to placental 
weight at birth.11 Placental weight at birth has the strongest 
correlation with birthweight, that is, fat and lean body mass.11 
The implication of these data is that early maternal pregnancy 
metabolism, insulin resistance and response, may affect placental 
growth and gene expression, which only becomes clinically 
manifest as fetal overgrowth in late gestation.

DIABETES MELLITUS
Diabetes mellitus is a chronic metabolic disorder characterized 
by either absolute or relative insulin deficiency that results in 
increased glucose concentrations. Although glucose intolerance 
is the common outcome of DM, the pathophysiology remains 
heterogeneous. The two major classifications of DM are type 1, 
formerly referred to as insulin-dependent ox juven ile-onset diabe
tes, and type 2, formerly referred to as non-insulin-dependent or 
adult-onset diabetes. During pregnancy, classification of women 
with diabetes has often relied on the White classification,12 first 
proposed in the 1940s. This classification is based on factors 
such as the age of onset of diabetes and duration as well as end- 
organ involvement, primarily retinal and renal (Table 40-1).

All forms of diabetes can occur during pregnancy. However, 
in addition to types 1 and 2 diabetes, genetic causes of diabetes 
exist, the most common of which is maturity-onset diabetes of 
youth (MODY), characterized by (3-cell dysfunction; it has an 
autosomal-dominant mode of inheritance and usually becomes 
manifest in young adulthood. Mutations in the glucokinase gene 
are a frequent cause of MODY. Various mutations have been 
described, and each mutation is associated with varying degrees 
of disease severity. The most common of these mutations, 
MODY2, occurs in the European population and involves the 
glucokinase gene. Because the age of onset of diabetes in women 
with MODY coincides with the reproductive years, it may be 
difficult to distinguish between type 1 DM and MODY. The 
glucokinase gene acts as a sensor in the (3-cell, which leads to a 
secretory defect in insulin response. Ellard and colleagues 
reported that 2.5%  o f women with GDM in the United 
Kingdom have the glucokinase mutation, whereas Stoffel, in 
a small population in the United States, reported that 5% of 
patients had a glucokinase in mutation. In another U.S. popula
tion, Sewell and colleagues13 reported no cases in 72 pregnant 
women with GDM or recently diagnosed pregestational

FOR INSULIN OR ORAL AGENT

+

+
+

diabetes. The implication if  the mother has the mutation is an 
increased risk for fetal macrosomia, whereas if  the mutation is 
inherited from the father, the implication for the fetus is a sig
nificant decrease in growth secondary to relative insulinopenia.

Type 1 Diabetes Mellitus
Type 1 diabetes mellitus is usually characterized by an abrupt 
onset at a young age and absolute insulinopenia with lifelong 
requirements for insulin replacement. Although depending on 
the population, the onset of type 1 diabetes may occur in indi
viduals in their third or fourth decades of life. Although the 
phenotype of the individual with type 1 diabetes has often been 
conceptualized as being thin, in an 18-year follow-up study, the 
prevalence of overweight increased by 47%, and the prevalence 
of obesity increased sevenfold. Patients with DM may have a 
genetic predisposition for antibodies directed against their pan
creatic islet cells. The degree of concordance for the development 
of type 1 diabetes in monozygotic twins is 33%, suggesting that 
the events subsequent to the development of autoantibodies and 
appearance of glucose intolerance are also related to environ
mental factors. Because of the complete dependence on exoge
nous insulin, pregnant women with type 1 diabetes are at 
increased risk for the development of diabetic ketoacidosis 
(DKA). Additionally, because intensive insulin therapy is used 
in women with type 1 diabetes to decrease the risk for spontane
ous abortion and congenital anomalies in early gestation, these 
women are at increased risk for hypoglycemic reactions. Studies 
by Diamond and Rosenn have shown that women with type 1 
diabetes are more likely to experience hypoglycemic reactions 
during pregnancy because of diminished counterregulatory epi
nephrine and glucagon response to hypoglycemia. The defi
ciency in this counterregulatory response may be in part due to 
an independent effect of pregnancy.

The alterations in glucose metabolism in women with type
1 diabetes are not well characterized. Because of maternal 
insulinopenia, insulin response during gestation can only be 
estimated relative to pregravid requirements. Estimates of the 
change in insulin requirements are complicated by the degree 
of preconceptional glucose control and potential presence of 
insulin antibodies. Garcia-Patterson1 reported on the change in 
insulin requirements in women with type 1 diabetes and strict 
glucose control prior to conception. In early pregnancy, both 
insulin requirements and total insulin peak at 9 weeks’ gestation 
and reach a nadir at 16 weeks to baseline prepregnancy levels. 
After 16 weeks, insulin requirements gradually increase through 
37 weeks. This represents a total increase in insulin requirements 
of 5.19% per week and about a twofold increase relative to
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prepregnancy requirements. A 5% decrease in insulin require
ments after 36 weeks’ gestation was also noted by McManus 
and Ryan. The decrease in insulin requirements was associated 
with a longer duration of DM but not with adverse perinatal 
outcome. The fall in insulin requirements in early pregnancy in 
women with type 1 diabetes may be a reflection of increased 
insulin sensitivity as was previously described.

Schmitz and associates have evaluated the longitudinal 
changes in insulin sensitivity in women with type 1 diabetes in 
early and late pregnancy, as well as postpartum, in comparison 
with nonpregnant women with type 1 diabetes. In the pregnant 
women with type 1 diabetes, a 50% decrease in insulin sen
sitivity was observed only in late gestation. No significant 
difference was found in insulin sensitivity in pregnant women 
with type 1 diabetes in early pregnancy or within 1 week of 
delivery compared with nonpregnant women with type 1 dia
betes. Therefore based on the available data, women with type
1 diabetes appear to have a similar decrease in insulin sensitivity 
compared with women with normal glucose tolerance. Relative 
to the issue of placental transporters (GLUT1), a report by 
Jansson and Powell describes an increase in both basal GLUT1 
expression and glucose transport activity from placental tissue 
in women with W hite class D pregnancies.

Type 2 Diabetes and Gestational Diabetes
The pathophysiology of type 2 diabetes involves abnormalities 
of both insulin-sensitive tissue (i.e., both a decrease in skeletal 
muscle and hepatic sensitivity to insulin) and (3-cell response as 
manifested by an inadequate insulin response for a given degree 
of glycemia. Initially in the course of the development of type
2 diabetes, the insulin response to a glucose challenge may be 
increased relative to that of individuals with normal glucose 
tolerance but is inadequate to maintain normoglycemia. Whether 
decreased insulin sensitivity precedes (3-cell dysfunction in the 
development of type 2 diabetes continues to be debated. Argu
ments and experimental data support both hypotheses.

Despite the limitations of any classification system, certain 
generalizations can be made regarding women with type 2 dia
betes or GDM. These individuals are typically older and more 
often are heavier compared with individuals with normal glucose 
tolerance. The onset of the disorder is usually insidious, with few 
patients complaining of the classic triad of polydipsia, polypha
gia, and polyuria. Individuals with type 2 diabetes are often 
initially recommended to lose weight, increase their activity (i.e., 
exercise), and follow a diet low in saturated fats and high in 
complex carbohydrates. Oral agents are often used to increase 
insulin response, enhance insulin sensitivity, or increase renal 
excretion of glucose. Individuals with type 2 diabetes may even
tually require insulin therapy to maintain euglycemia but are at 
significantly less risk for DKA. Data from monozygotic twin 
studies have reported a lifetime risk for both twins develop
ing type 2 diabetes that ranges between 58%  and almost 
100% , suggesting that the disorder has a strong genetic 
component.

Type 2 pregestational diabetes is usually classified as class B 
diabetes according to the W hite classification system. Women 
who develop GDM— that is, glucose intolerance first recognized 
during pregnancy— share many of the metabolic characteristics 
of women with type 2 diabetes. Although earlier studies reported 
a 10% to 35% incidence of islet cell antibodies in women with 
GDM as measured by immunofluorescence techniques, research 
using specific monoclonal antibodies has described a much

lower incidence, on the order of 1% to 2% ,14 which suggests a 
low risk for type 1 diabetes in women with GDM. Furthermore, 
postpartum studies of women with GDM have demonstrated 
defects in insulin secretory response and decreased insulin sen
sitivity, indicating that typical type 2 abnormalities in glucose 
metabolism are present in women with GDM. The alterations 
in insulin secretory response and insulin resistance in women 
with a previous history of GDM compared with a weight- 
matched control group may differ depending on whether the 
women with previous GDM are lean or obese.b Thus in women 
with GDM, the hormonal events of pregnancy may represent 
an unmasking of a genetic susceptibility to type 2 diabetes.

Significant alterations in glucose metabolism are found in 
women who develop GDM relative to women with normal 
glucose tolerance. Decreased insulin response to a glucose chal
lenge has been demonstrated by Yen, Fisher, and Buchanan and 
their colleagues in women with GDM in late gestation. In pro
spective longitudinal studies of both lean and obese women with 
GDM, Catalano and associates5 also showed a progressive 
decrease in first-phase insulin response in late gestation in lean 
women who develop GDM compared with a weight-matched 
control group (Fig. 40-7). In contrast, in obese women who 
develop GDM, no difference in first-phase insulin response was 
reported, but rather a significant increase was seen in second- 
phase insulin response to an IV glucose challenge compared with 
that of a weight-matched control group (see Fig. 40-7). These 
differences in insulin response may be related to the ethnicity of 
the various study groups. Although the metabolic clearance rate 
of insulin is increased with advancing gestation, no evidence 
suggests that a significant difference exists between women with 
normal glucose tolerance and those with GDM.6

Fasting glucose concentrations decrease with advancing gesta
tion in women who develop mild GDM. In late pregnancy, 
however, hepatic glucose production increases in women with 
GDM in comparison with a matched control group.5,6 In late 
gestation, women with GDM have increased fasting insulin 
concentrations (Fig. 40-8) and less suppression of hepatic 
glucose production during insulin infusion, thereby indicating 
decreased hepatic glucose insulin sensitivity in women with 
GDM compared with a weight-matched control group.5,6,16 In 
the studies of Xiang and associates,16 a significant correlation was 
found between fasting FFA concentrations and hepatic glucose 
production, which suggests that increased FFA concentrations 
may contribute to hepatic insulin resistance.

Women with GDM have decreased insulin sensitivity in com
parison with weight-matched control groups. Ryan and col
leagues were the first to report a 40% decrease in insulin 
sensitivity in women with GDM compared with a pregnant 
control group in late pregnancy using a hyperinsulinemic- 
euglycemic clamp. Xiang and associates16 found that women 
with GDM who had normal glucose tolerance within 6 months 
of delivery had significantly decreased insulin sensitivity as esti
mated by the glucose clearance rate during a hyperinsulinemic- 
euglycemic clamp compared with that of a matched control 
group. Using similar techniques, Catalano and coworkers5,6 
described the longitudinal changes in insulin sensitivity in both 
lean and obese women who developed GDM in comparison 
with a matched control group. Women who developed GDM 
had decreased insulin sensitivity compared with that of the 
matched control group (Fig. 40-9). The differences in insulin 
sensitivity were greatest before and during early gestation; by late 
gestation, the differences in insulin sensitivity between the
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FIG 40-7 Longitudinal increase in insulin response to an intravenous 
glucose challenge in lean and obese women with normal glucose 
tolerance and gestational diabetes mellitus (GDM): pregravid and early 
and late pregnancy. A, First phase: area under the curve from 0 to 5 
minutes. B, Second phase: area under the curve from 5 to 60 minutes.

groups were less pronounced but still significant. Of interest, an 
increase in insulin sensitivity was noted from the time before 
conception through early pregnancy (12 to 14 weeks), particu
larly in those women with the greatest decreases in insulin sen
sitivity before conception. The changes in insulin sensitivity 
from the time before conception through early pregnancy 
were significantly correlated with changes in maternal weight 
gain and energy expenditure. The relationship between these 
alterations in maternal glucose insulin sensitivity and weight 
gain and energy expenditure may help explain the decrease in 
maternal weight gain and insulin requirements in women with 
diabetes in early gestation.1 In summary, the various degrees 
of decreased insulin sensitivity observed in late pregnancy in 
women with normal glucose tolerance or gestational diabetes are 
but a reflection of their individual prepregnancy insulin sensitiv
ity. Unless unforeseen severe metabolic events occur during preg
nancy, relatively uniform decreases are apparent in insulin 
sensitivity with advancing gestation in all women.

The interactions of fi-cell response and insulin sensitivity are 
hallmarks of the metabolic adaptations of pregnancy. As

□  Lean control

□  Obese control

■  Lean GDM

■  Obese GDM

Pregravid Early pregnancy Late pregnancy

FIG 40-8 Longitudinal increase in basal or fasting insulin (jig/mL) in lean 
and obese women with normal glucose tolerance and gestational 
diabetes meliitus (GDM): pregravid and early and late pregnancy.
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FIG 40-9 Longitudinal changes in the insulin sensitivity index (glucose 
infusion rate adjusted for residual endogenous glucose production and 
insulin concentrations achieved during the glucose clamp) in lean and 
obese women with normal glucose tolerance and gestational diabetes 
mellitus (GDM): pregravid and early and late pregnancy.

described by Bergman, the relationship between insulin response 
and insulin resistance is fixed in nonpregnant individuals 
and follows a hyperbolic curve (i.e., the disposition index [DI]; 
Fig. 40-10). Buchanan described a similar relationship between 
insulin response and insulin action during pregnancy. Indeed, 
when the DI has been compared between women with normal 
glucose tolerance and GDM both during and after pregnancy, 
the failure of the [3-cell to compensate for insulin resistance in 
GDM has been similar to the hyperbolic changes in the control 
group (see Fig. 40-10). This relationship between insulin sensi
tivity and insulin resistance, however, may not hold in early 
pregnancy, when both an increase in insulin sensitivity and 
insulin response may be evident.

Studies in human skeletal muscle and adipose tissue have 
demonstrated that postreceptor defects in the insulin-signaling 
cascade are related to decreased insulin sensitivity in pregnancy.
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Garvey and colleagues were the first to demonstrate that there 
were no significant differences in the glucose transporter 
(GLUT4) responsible for insulin action and skeletal muscle in 
pregnant compared with nonpregnant women. Based on the 
studies of Friedman and colleagues17 in pregnant women with 
normal glucose tolerance and GDM, as well as in weight- 
matched nonpregnant control subjects, defects were apparent in 
the insulin-signaling cascade relating to pregnancy and to what 
may be additional abnormalities in women with gestational 
diabetes. All pregnant women appeared to have a decrease in 
expression o f insulin receptor substrate 1 (IRS1). The down- 
regulation of the IRS1 protein closely parallels the decreased 
ability of insulin to induce additional steps in the insulin- 
signaling cascade, which results in movement of the GLUT4 to 
the cell surface membrane to facilitate glucose transport into the 
cell. The downregulation of IRS 1 protein closely parallels the 
ability of insulin to stimulate 2-deoxyglucose uptake in vitro. 
In addition to the previous mechanisms, women with GDM 
demonstrate a distinct decrease in the ability o f insulin

•  Third trimester 
O  Postpartum

FIG 40-10 Insulin sensitivity index. GDM, gestational diabetes 
mellitus.

receptor-p, that component o f the insulin receptor not on 
the cell surface, to undergo tyrosine phosphorylation. The 
additional defect in the insulin-signaling cascade results in a 
25%  lower glucose transport activity (Fig. 40-11).

Amino Acid Metabolism
Although glucose is the primary source of energy for the fetus 
and placenta, no appreciable amounts of glucose are stored as 
glycogen in the fetus or placenta. However, accretion of protein 
is essential for growth of fetoplacental tissue. Nitrogen retention 
is increased in pregnancy in both maternal and fetal compart
ments, and this increase results in about 0.9 kg of maternal 
fat-free mass by 27 weeks.18 A significant decrease is apparent in 
most basal maternal amino acid concentrations in early preg
nancy before the accretion of significant maternal or fetal tissue. 
These anticipatory changes in amino acid metabolism occur after 
a shorter period of fasting in comparison with nonpregnant 
women and may be another example of the accelerated starva
tion of pregnancy described by Freinkel and coworkers.10 Fur
thermore, amino acid concentrations, such as of serine, correlate 
significantly with fetal growth in both early and late gestation.’11 
Maternal amino acid concentrations were significantly decreased 
in mothers of small-for-gestational-age (SGA) neonates in com
parison with maternal amino acid concentrations in appropri
ately grown neonates.

Based on a review of various studies, Duggleby and Jackson 
have estimated that during pregnancy, protein synthesis is similar 
to that in nonpregnant women in the first trimester. However, 
a 15%  increase in protein synthesis occurs during the second 
trimester, and a further increase is seen in the third trimester, 
by about 25% . Additionally, interindividual differences at each 
time point are marked, and these differences have a strong rela
tionship with fetal growth: mothers who had increased protein 
turnover in midpregnancy had babies who had increased lean 
body mass after adjustment for important covariables.

Amino acids can be used for protein accrual or they can be 
oxidized as an energy source. Estimation of urea synthesis using 
stable isotopes has been performed in a number of studies. In 
general, a modest shift in oxidation occurs in early pregnancy 
with an accrual of amino acids for protein synthesis in late
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FIG 40-11 Schematic model of insulin-signaling cascade in skeletal muscle. GLUT, glucose transporter; IR, insulin receptor; IRS, insulin receptor 
substrate.
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870 Section VI Pregnancy and Coexisting Disease

gestation. Kalhan and colleagues reported significant pregnancy- 
related adaptations in maternal protein metabolism early in ges
tation before any significant increase in fetal protein accretion. 
Catalano and associates have also reported decreased amino acid 
insulin sensitivity based on a decreased suppression of leucine 
turnover during insulin infusion in late gestation. Some evidence 
suggests an increase in basal leucine turnover in women with 
GDM compared with that of a matched control group. Whether 
these decreases in amino acid insulin sensitivity are related to 
decreased whole-body and liver protein synthesis or increased 
breakdown are not known at this time.

Cetin and associates reported that placental amino acid 
exchange is altered in pregnancies complicated by GDM. Orni
thine concentrations were significantly increased in women with 
GDM compared with controls, and in the cord blood of infants 
of women with GDM, significant increases were observed in 
multiple amino acids, including phenylalanine and leucine, but 
decreases in glutamate were also found. The investigators specu
late that in infants of women with GDM, the altered in utero 
fetal milieu affects fetal growth through multiple mechanisms 
that affect various nutrient compartments.

Amino acids are actively transported across the placenta 
from mother to fetus through energy-requiring amino acid 
transporters. These transporters are highly stereospecific, but 
they have low substrate specificity. Additionally, they may vary 
in location between the microvillus and basal membranes. 
Decreased amino acid concentrations have been reported in 
growth-restricted neonates in comparison with appropriately 
grown neonates, and decreased amino acid transporter activity 
has been implicated as a possible mechanism. However, the 
potential role, if  any, of placental amino acid transporters in the 
development of fetal macrosomia in women with diabetes is 
currently unknown.

L ip id  M e ta b o lis m
Although ample literature supports the changes in glucose 
metabolism during gestation, the data regarding the alterations 
in lipid metabolism are meager by comparison. Darmady and 
Postle21 measured serum cholesterol and triglyceride before, 
during, and after pregnancy in 34 normal women and observed 
a decrease in both cholesterol and triglyceride at about 7 weeks’ 
gestation. Both of the levels increased progressively until term, 
and then a decrease was seen in serum triglyceride postpartum. 
The decrease was more rapid in women who breastfed compared 
with those women who bottle-fed their infants.21 Additionally, 
Knopp and coworkers22 have reported that a twofold to fourfold 
increase occurs in total triglyceride concentration and a 25% to 
50% increase is seen in total cholesterol concentration during 
gestation. A 50% increase in low-density lipoprotein (LDL) 
cholesterol and a 30% increase in high-density lipoprotein 
(HDL) cholesterol is seen by midgestation, but these decrease 
slightly in the third trimester. Maternal triglyceride and very- 
low-density lipoprotein (VLDL) triglyceride levels in late gesta
tion are positively correlated with maternal estriol and insulin 
concentrations.

A study by Vahratian and associates examined the changes 
in lipid levels during pregnancy in normal-weight compared 
with overweight and obese women from 6 to 10 through 32 to
36 weeks’ gestation. The levels of total cholesterol, triglycerides, 
and LDL and HDL cholesterol increased throughout gesta
tion. Although the concentrations in the overweight and obese 
women were generally higher in early pregnancy, the rate of

change of LDL cholesterol and total cholesterol was lower in 
later gestation.

FFAs have been associated with fetal overgrowth, particularly 
of fetal adipose tissue. A significant difference in the arteriove
nous FFA concentration is seen at birth, much the same as with 
arteriovenous glucose concentration. M ultiple clinical studies 
suggest the contribution of maternal lipids to fetal growth and 
in particular to adiposity. Knopp and coworkers22 reported that 
neonatal birthweight was positively correlated with triglyceride 
and FFA concentrations in late pregnancy. Similar conclusions 
were reached by Ogburn and colleagues, who showed that 
insulin concentrations decrease FFA concentrations, inhibit 
lipolysis, and result in increased fat deposition. Kleigman 
reported that infants of obese women had an increased birth
weight and skinfold thickness and higher FFA levels compared 
with infants of lean women. DiCianni and associates23 reported 
that in women with a positive glucose screen but normal glucose 
tolerance, their serum triglycerides and prepregnancy body 
mass index (BMI) had a significant correlation with birthweight 
at term. In Australia, Nolan and coworkers showed that nonfast
ing maternal triglycerides measured at 9 to 12 weeks’ gestation 
were significantly correlated with neonatal birthweight ratio at 
term. Finally, in a well-controlled German GDM population, 
Schaeffer-Graf and colleagues24 reported that maternal FFA 
concentrations correlated with ultrasound estimates of 
neonatal abdominal circumference and anthropometric esti
mates o f neonatal fat mass at delivery. Maternal FFA concen
trations were positively correlated with cord FFA. Although 
FFA concentrations were higher in cord blood of large-for- 
gestational-age (LGA) neonates compared with either appropri
ately grown or SGA neonates, a paradoxic negative correlation 
of cord triglycerides and birthweight was reported. The authors 
speculated that SGA newborns have a lower lipoprotein lipase 
activity and hence were unable to hydrolyze triglycerides. In 
contrast, the LGA neonates have lower cord triglyceride con
centrations because of enhanced lipoprotein lipase activity 
resulting from their increased number of fat cells. Similar find
ings were noted by Merzouk and coworkers in growth-restricted 
infants. Lastly, the placentae of women with GDM have 
increased expression of genes related to inflammation and lipid 
metabolism in comparison with those of a BMI-matched control 
group.

In summary, in women with evidence of decreased insulin 
sensitivity (obesity and/or GDM) in addition to glucose, mater
nal lipid metabolism accounts for a significant proportion of 
fetal growth, particularly adiposity. These data support the origi
nal work by Freinkel,2 which proposed that fetal growth or 
overgrowth is a function o f multiple nutritional factors in 
addition to glucose.

Lipid metabolism in women with diabetes mellitus is influ
enced by whether the woman has type 1 or type 2 diabetes. This 
also applies when these women become pregnant. In women 
with type 2 diabetes and gestational diabetes, Knopp and 
coworkers22 reported an increase in triglyceride and a decrease 
in HDL concentration. However, Montelongo and colleagues 
observed little change in FFA concentrations through all three 
trimesters after a 12-hour fast. Koukkou and coworkers noted 
an increase in total triglyceride but lower LDL cholesterol in 
women with GDM. Increased triglyceride concentrations during 
pregnancy have also been reported to be related to the develop
ment of GDM and preeclampsia in women with normal pre
gravid glucose tolerance, both of which are related to increased

ak
us

he
r-li

b.r
u



Chapter 40 Diabetes Mellitus Complicating Pregnancy 871

insulin resistance. In women with type 1 diabetes, no change 
was observed in total triglycerides, but a lower cholesterol con
centration was reported secondary to a decrease in HDL. This 
is of interest because HDL acts as a plasma antioxidant, and thus 
a lower HDL level may be related to the increase in congenital 
malformations in women with type 1 diabetes. Oxidative stress 
has been implicated as a potential factor in the incidence of 
anomalies in women with type 1 diabetes.

Hyperinsulinemic-euglycemic clamp studies in pregnant 
women with normal glucose tolerance and GDM revealed a 
decreased ability of insulin to suppress plasma FFAs with advanc
ing gestation. Insulin’s ability to suppress plasma FFAs was lower 
in women with GDM compared with women with normal 
glucose tolerance.

Taken together, these studies demonstrate decreased nutrient 
insulin sensitivity in all women with advancing gestation. These 
decreases in insulin sensitivity are further exacerbated by the 
presence of decreased pregravid maternal insulin sensitivity, 
which manifests in later pregnancy as GDM and results in 
greater nutrient availability and higher ambient insulin concen
trations for the developing fetoplacental unit, which may even
tually result in fetal overgrowth.

Maternal Weight Gain and 
Energy Expenditure
Estimates o f the energy cost o f pregnancy range from a cost 
of 80,000 kcal to a net savings o f up to 10,000 kcal. As a
result, the recommendations for nutritional intake in pregnancy 
differ and depend on the population being evaluated. Further
more, recommendations for individuals within a population 
may be more diverse than previously believed, making general 
guidelines for nutritional intake difficult.

The theoretic energy cost of pregnancy was originally esti
mated by Hytten and Leitch18 using a factorial method. The 
additional cost of pregnancy consisted of (1) the additional 
maternal and fetoplacental tissue accrued during pregnancy and 
(2) the additional “running cost” of pregnancy (e.g., the work 
of increased cardiac output). In Hytten’s model, the greatest 
increases in maternal energy expenditure occur between 10 and 
30 weeks’ gestation, primarily because of maternal accretion of 
adipose tissue. However, the mean increases in maternal adipose 
tissue vary considerably among various ethnic groups. Forsum 
and associates reported a mean increase of more than 5 kg of 
adipose tissue in Swedish women, whereas Lawrence and col
leagues found no increase in adipose tissue stores in women from 
the Gambia.

Basal metabolic rate accounts for 60% to 70% of total energy 
expenditure in individuals not engaged in competitive physical 
activity, and this correlates well with total energy expenditure. 
As with the changes in maternal accretion of adipose tissue, wide 
variations are seen in the change in maternal basal metabolic rate 
during gestation, not only in different populations but again 
within relatively homogeneous groups. The cumulative energy 
changes in basal metabolic rate range from a high of 52,000 kcal 
in Swedish women to a net savings of 10,700 kcal in women 
from the Gambia without nutritional supplementation. The 
mean increase in basal metabolic rate in Western women 
relative to a nonpregnant, nonlactating control group aver
ages about 20%  to 25% . However, the coefficient of variation 
of basal metabolic rate ranges from 93% in women in the United 
Kingdom to more than 200% in Swedish women.“7 When 
assessing energy intake in relation to energy expenditure,

however, estimated energy intake remains lower than the esti
mates of total energy expenditure. These discrepancies have 
usually been explained by factors such as increased metabolic 
efficiency during gestation, decreased maternal activity, and 
unreliable assessment of food intake.26

Data in nonpregnant subjects may help explain some of the 
wide variations in metabolic parameters during human gesta
tion, even with homogeneous populations. Swinburn and col
leagues reported that in the Pima Indian population, subjects 
with decreased insulin sensitivity gained less weight compared 
with more insulin-sensitive subjects (3.1 vs. 7.6 kg) over a period 
of 4 years. Furthermore, the percentage weight change per year 
was highly correlated with glucose disposal as estimated from 
clamp studies. Catalano and coworkers28 evaluated the changes 
in maternal accretion of body fat and basal metabolic rate in 
lean and obese women with normal GDM. Women who devel
oped GDM had decreased insulin sensitivity in early gestation 
compared with a matched control group and had significantly 
smaller increases in body fat than women with normal glucose 
tolerance. A significant inverse correlation was found between 
the changes in fat accretion and insulin sensitivity (i.e., women 
with decreased pregravid insulin sensitivity had less accretion of 
body fat compared with women with increased pregravid insulin 
sensitivity).

In the basal state, lean women increase the use of carbohy
drate as a metabolic fuel, whereas in obese women, there is an 
increased use of lipids for oxidative needs. However, with the 
decrease in insulin sensitivity in late gestation, all women have 
an increase in fat oxidation and decrease in nonoxidative glucose 
metabolism (storage). These increases in lipid oxidation are 
positively correlated with the increases in maternal leptin con
centrations, possibly accounting for a role of leptin in human 
pregnancy. The result of these studies emphasize that an inverse 
relationship exists between the changes in maternal insulin sen
sitivity and accretion of adipose tissue in early gestation. The 
ability of women with decreased pregravid glucose insulin 
sensitivity (obese women and women with GDM) to conserve 
energy, not significantly increase body fat, and make sufficient 
nutrients available to produce a healthy fetus supports the 
hypothesis that decreased maternal insulin sensitivity may have 
a reproductive metabolic advantage in women when food avail
ability is marginal (i.e., the thrifty gene hypothesis). In contrast, 
decreased maternal insulin sensitivity before conception in areas 
where food is plentiful and a sedentary lifestyle is more common 
and may manifest as GDM, and this increases the long-term 
risk for both diabetes and obesity in the woman and her 
offspring.28

PERINATAL MORBIDITY AND MORTALITY 
Fetal Death
In the past, sudden and unexplained stillbirth occurred in 10% 
to 30% of pregnancies complicated by type 1 DM, also called 
insulin-dependent diabetes mellitus (IDDM). Although relatively 
uncommon today, such losses still plague the pregnancies of 
patients who do not receive optimal care. Mathiesen and col
leagues29 reported 25 stillbirths among 1361 singleton births of 
women with type 1 diabetes. In this series, the offspring of 
women with type 1 or type 2 diabetes were five times more likely 
to be stillborn compared with those of mothers without diabetes. 
Stillbirths have been observed most often after the 36th week of 
pregnancy in patients with poor glycemic control, hydramnios,
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fetal macrosomia, vascular disease, or preeclampsia. Women 
with vascular complications may develop fetal growth restriction 
(FGR) and intrauterine fetal demise (IUFD) as early as the 
second trimester.

Excessive stillbirth rates in pregnancies complicated by 
diabetes have been linked to chronic intrauterine hypoxia.30 
Extramedullary hematopoiesis, frequently observed in stillborn 
infants of diabetic mothers (IDMs), supports chronic intrauter
ine hypoxia as a likely cause of these intrauterine fetal deaths. 
Studies of fetal umbilical cord blood samples in pregnant women 
with type 1 diabetes have demonstrated relative fetal erythremia 
and lactic acidemia. Maternal diabetes may also produce altera
tions in red blood cell (RBC) oxygen release and placental blood 
flow. Reduced uterine blood flow is thought to contribute to the 
increased incidence of intrauterine growth restriction (IUGR) 
observed in pregnancies complicated by diabetic vasculopathy. 
Ketoacidosis and preeclampsia, two factors known to be associ
ated with an increased incidence of intrauterine deaths, may 
further decrease uterine blood flow.

Alterations in fetal carbohydrate metabolism also may con
tribute to intrauterine asphyxia. Considerable evidence links 
hyperinsulinemia and fetal hypoxia. Hyperinsulinemia induced 
in fetal lambs by an infusion of exogenous insulin produces an 
increase in oxygen consumption and a decrease in arterial oxygen 
content.30 Persistent maternal-fetal hyperglycemia occurs inde
pendent of maternal uterine blood flow, which may not be 
increased enough to allow for enhanced oxygen delivery in the 
face of increased metabolic demands. Thus hyperinsulinemia 
in the fetus of the diabetic mother appears to increase the meta
bolic rate and oxygen requirement in the fetus. Other factors 
such as hyperglycemia, ketoacidosis, preeclampsia, and maternal 
vasculopathy can also reduce placental blood flow and fetal 
oxygenation.

Congenital Malformations
Congenital malformations are the most important cause of 
perinatal loss in pregnancies complicated by type 1 and type
2 DM. In the past, these anomalies were responsible for only 
10% of all perinatal deaths. Malformations now account for 
30% to 50% of perinatal mortality. Neonatal deaths exceed 
stillbirths in pregnancies complicated by pregestational DM, 
and fatal congenital malformations are responsible for this 
pattern.

Most studies have documented a two to sixfold increase 
in major malformations in infants o f type 1 and type 2 dia
betic mothers. A large population-based cohort study of 
Canadian women revealed a 23%  decline in congenital 
malformations in diabetic pregnancies from 1996 through 
2010; however, the relative risk (RR) for malformations 
remained elevated in women with preexisting diabetes (RR, 
2.33; 95% confidence interval [C l], 1.59 to 3.43). In a prospec
tive analysis, Simpson and associates observed an 8.5% inci
dence of major anomalies in the diabetic population, whereas 
the malformation rate in a small group of concurrently gathered 
control subjects was 2.4%. Similar figures were obtained in the 
Diabetes in Early Pregnancy Study in the United States. The 
incidence of major anomalies was 2.1% in 389 control patients 
and 9% in 279 diabetic women. A recent case-control study of 
13,030 infants with congenital anomalies and 4895 controls 
revealed a prevalence in type 1 diabetes of 2.2% versus 0.5% 
and in type 2 diabetes of 5.1% versus 3.7% in controls. In 
general, the incidence of major malformations in worldwide

TABLE 40-2 F R E Q U E N C Y  OF C O N G E N IT A L  
M A L F O R M A T IO N S  IN IN F A N T S  
OF D IA B E TIC  M O T H E R S

STUDY (YEAR) N %

M ills et al97 (1988) 25/279 9.0
Greene98 (1993) 35/451 7.7
Steel99 (1982) 12/239 7.8
Fuhrmann et a l100 (1983) 22/292 7.5
Simpson et a l101 (1983) 9/106 8.5
Albert et a l102 (1996) 29/289 10.0

FIG 40-12 Infant of a diabetic mother with sacral agenesis and hypo
plastic lower extremities.

studies of offspring of diabetic women has ranged from 7.5% to 
10% (Table 40-2).

The insult that causes malformations in IDMs affects most 
organ systems and must act before the seventh week of gesta
tion. Central nervous system malformations—particularly 
anencephaly, open spina bifida, and holoprosencephaly—are 
increased tenfold. Cardiac anomalies are the most common 
malformations seen in IDMs, with ventricular septal defects 
and complex lesions such as transposition o f the great vessels 
increased fivefold. The congenital defect thought to be most 
characteristic of diabetic embryopathy is sacral agenesis or caudal 
dysplasia, an anomaly found 200 to 400 times more often in 
offspring of diabetic women (Fig. 40-12). However, this defect 
is not pathognomonic for diabetes because it also occurs in 
nondiabetic pregnancies.

Impaired glycemic control and associated derangements in 
maternal metabolism appear to contribute to abnormal 
embryogenesis. Maternal hyperglycemia has been proposed 
by most investigators as the primary teratogenic factor, but 
hyperketonemia, hypoglycemia, somatomedin inhibitor excess, 
and excess free oxygen radicals have also been suggested (Box 
40-1). The profile of a woman most likely to produce an anoma
lous infant would include a patient with poor periconceptional 
glucose control, long-standing diabetes, and vascular disease.
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BOX 40-1 PROPOSED FACTORS ASSOCIATED WITH 
TERATOGENESIS IN PREGNANCY COMPLICATED BY 
DIABETES MELLITUS

• H y p e rg ly c e m ia
• K e tone  b o d y  excess
• S o m a to m e d in  in h ib it io n
• A ra c h id o n ic  ac id  d e fic ie n c y
• Free o x y g e n  rad ica l excess

Genetic susceptibility to the teratogenic influence of diabetes 
may also be a factor.

Several mechanisms have been proposed by which the pre
viously mentioned teratogenic factors produce malformations. 
Freinkel and colleagues first suggested that anomalies might 
arise from inhibition of glycolysis, the key energy-producing 
process during embryogenesis. They found that the addition 
of D-mannose to the culture medium of rat embryos inhib
ited glycolysis and produced growth restriction and derange
ment of neural tube closure. Freinkel and colleagues stressed 
the sensitivity of normal embryogenesis to alterations in these 
key energy-producing pathways, a process he labeled “fuel- 
mediated” teratogenesis. Goldman and Baker suggested that 
the mechanism responsible for the increased incidence of neural 
tube defects (NTDs) in embryos cultured in a hyperglycemic 
medium may involve a functional deficiency of arachidonic 
acid, because supplementation with arachidonic acid or myo
inositol will reduce the frequency of NTDs in this experimen
tal model. Pinter and Reece, along with Pinter and associates, 
confirmed these studies and demonstrated that hyperglycemia- 
induced alterations in neural tube closure include disordered 
cells, decreased mitoses, and changes indicative of premature 
maturation. Pinter and colleagues further demonstrated that 
hyperglycemia during organogenesis has a primary deleterious 
effect on yolk sac function with resultant embryopathy.

Altered oxidative metabolism from maternal diabetes may 
cause increased production of free oxygen radicals in the devel
oping embryo, which are likely teratogenic. Supplementation of 
oxygen radical—scavenging enzymes, such as superoxide dis- 
mutase, to the culture medium of rat embryos protects against 
growth delay and excess malformations. It has been suggested 
that excess free oxygen radicals may have a direct effect on 
embryonic prostaglandin biosynthesis. Free oxygen radical 
excess may enhance lipid peroxidation, and in turn, generated 
hydroperoxides might stimulate thromboxane biosynthesis and 
might inhibit prostacyclin production, an imbalance that could 
have profound effects on embryonic development. Finally, oxi
dative stress in diabetic rats is associated with the accumulation 
of glycation products and altered vascular endothelial growth 
factor (VEGF) expression in cardiovascular regions of the devel
oping heart associated with endocardial cushion defects.

Fetal Macrosomia
Macrosomia has been variously defined as birthweight 
greater than 4000 to 4500 g, as well as LGA, in which birth
weight is above the 90th percentile for population and sex- 
specific growth curves. Fetal macrosomia complicates as 
many as 50% o f pregnancies in women with GDM and 40%  
o f pregnancies complicated by type 1 and type 2 diabetes, 
which includes some women treated with intensive glycemic 
control (Fig. 40-13). Delivery of an infant weighing greater than 
4500 g occurs 10 times more often in women with diabetes

FIG 40-13 Two extremes of growth abnormalities in pregnancies com
plicated by diabetes mellitus. On the left is a severely growth- 
restricted infant, and on the right is a macrosomic infant.

compared with a population of women with normal glucose 
tolerance.

According to the Pedersen hypothesis, maternal hyperglyce
mia results in fetal hyperglycemia and hyperinsulinemia, which 
results in excessive fetal growth. Increased fetal (3-cell mass may 
be identified as early as the second trimester. Evidence in support 
of the Pedersen hypothesis has come from the studies of amni
otic fluid and cord blood insulin and C-peptide concentrations. 
Both are increased in the amniotic fluid of insulin-treated 
women with diabetes at term and correlate with neonatal fat 
mass. Lipids and amino acids, which are elevated in pregnancies 
complicated by GDM, may also play a role in excessive fetal 
growth by either stimulating the release of insulin and other 
growth factors from the fetal pancreatic [3-cells and placenta or 
by providing the necessary nutrients for excessive fetal growth. 
Infants o f mothers with GDM have an increase in fat mass, 
compared with fat-free mass, in comparison with infants of 
women with normal glucose tolerance. Additionally, the 
growth is disproportionate, with chest-to-head and shoulder- 
to-head ratios larger than those o f infants o f women with 
normal glucose tolerance. These anthropometric differences 
may contribute to the higher rate of shoulder dystocia and birth 
trauma observed in these infants.

The results of several clinical series have validated the Pedersen 
hypothesis inasmuch as tight maternal glycemic control has been 
associated with a reduction in macrosomia and, in particular, 
with a reduction in fat mass. Using daily capillary glucose values 
obtained during the second and third trimesters in women who 
required insulin, Landon and colleagues reported a rate of 9% 
for macrosomia when mean values were below 110 mg/dL com
pared with 34% when less optimal control was achieved. Jova- 
novic and associates have suggested that 1-hour postprandial 
glucose measurements correlate best with the frequency of mac
rosomia. After controlling for other factors, these authors noted 
that the strongest prediction for birthweight was third-trimester 
nonfasting glucose measurements.

In a series of metabolic studies, Catalano and associates 
estimated body composition in 186 neonates using anthropom
etry. Fat-free mass, which represented 86% of mean birthweight, 
accounted for 83% of the variance in birthweight; and fat mass, 
which made up only 14% of birthweight, accounted for 46% 
of the variance in birthweight. In addition, significantly greater
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874 Section VI Pregnancy and Coexisting Disease

fat-free mass was observed in male compared with female infants. 
Using independent variables such as maternal height, pregravid 
weight, weight gain during pregnancy, parity, paternal height 
and weight, neonatal sex, and gestational age, the authors 
accounted for 29% of the variance in birthweight, 30% of the 
variance in fat-free mass, and 17% of the variance in fat mass. 
Including estimates of maternal insulin sensitivity in 16 addi
tional subjects, they were able to explain 48% of the variance in 
birthweight, 53% of the variance in fat-free mass, and 46% of 
the variance in fat mass. Studies by Caruso and colleagues have 
corroborated these findings, reporting that women with unex
plained FGR had greater insulin sensitivity compared with a 
control group of women whose infants were an appropriate 
weight for their gestational age. The potential mechanisms for 
this relate to the possibility that maternal circulating nutrients 
for glucose, FFAs, and amino acids available for placental trans
port to the fetus are decreased because of the relative increase in 
maternal insulin sensitivity. A positive correlation between birth
weight and weight gain has been observed in women with 
normal glucose tolerance. The correlation was strongest in 
women who were lean before conception, and it became progres
sively weaker as pregravid weight for height increased. In women 
with GDM, no significant correlations were found between 
maternal weight gain and birthweight irrespective of pregravid 
weight for height. Although these studies emphasize the role of 
the maternal metabolic environment and fetal growth, Kim and 
colleagues32 have reported that GDM actually contributed the 
least (2.0% to 8.0%) to the development of LGA infants in a 
general obstetric population, whereas excessive gestational 
weight gain contributed the most (33.3% to 37.7%).

Normalization of birthweight in infants of women with 
GDM, however, may in itself not help those infants achieve 
optimal growth. In a study of approximately 400 infants of 
women with normal glucose tolerance and GDM, Catalano and 
coworkers31 showed that the infants of women with GDM had 
increased fat mass, but not lean body mass or weight, compared 
with a control group even after adjustment for potential con
founding variables (Table 40-3). Similarly, when only infants 
who were an appropriate size for their gestational age (i.e., 
between the 10th and 90th percentiles) were examined, the 
infants of the women with GDM had significantly greater fat 
mass and percentage of body fat but had less lean mass compared 
with the control group, and no difference was observed in birth
weight. O f note, in the infants of the women with GDM, the 
strongest correlations with fat mass were fasting glucose and 
gestational age; this accounted for 17% of the variance in infant 
fat mass.

Hypoglycemia
Neonatal hypoglycemia, a blood glucose level less than 35 to 
40 mg/dL during the first 12 hours o f life, results from a

TABLE 40-3 N E O N A T A L  B O D Y  C O M P O S IT IO N
GDM (Al = 195) NGT (Al = 220) P VALUE

W eight (g) 3398 ± 550 3337 ± 549 .26
FFM (g) 2962 ± 405 2975 ± 408 .74
Fat mass (g) 436 ± 206 362 ± 198 .0002
Body fat 12.4 ± 4 .6 10.4 ± 4.6 .0001

Modified from Catalano PM, Tyzbir ED, Allen SR, et al. Evaluation of fetal growth by 
estimation of body composition. Obstet Gynecol. 1987; 156:1089.
FFM, fat-free mass; GDM, gestational diabetes mellitus; NGT, normal glucose tolerance.

rapid drop in plasma glucose concentrations following 
clamping o f the umbilical cord. Hypoglycemia, a byproduct 
of hyperinsulinemia, is particularly common in macrosomic 
newborns, in whom rates exceed 50%. We have observed 
an overall rate of 27% in offspring of diabetic women delivered 
at our institution. The degree of hypoglycemia may be influ
enced by at least two factors: maternal glucose control during 
the latter half of pregnancy during labor and delivery. Prior poor 
maternal glucose control can result in fetal (3-cell hyperplasia, 
which leads to exaggerated insulin release following delivery. 
IDMs who exhibit hypoglycemia have elevated cord C-peptide 
and free insulin levels at birth and show an exaggerated pancre
atic response to glucose loading. The hyperinsulinemia and 
resultant hypoglycemia typically lasts for several days following 
birth.

Respiratory Distress Syndrome
Experimental animal studies have provided evidence that hyper
glycemia and hyperinsulinemia can affect pulmonary surfactant 
biosynthesis, and in vitro studies have documented that insulin 
can interfere with substrate availability for surfactant biosynthe
sis. Insulin excess may interfere with the normal timing of 
glucocorticoid-induced pulmonary maturation in the fetus. 
Cortisol apparently acts on pulmonary fibroblasts to induce 
synthesis of fibroblast-pneumocyte factor, which then acts on 
type II cells to stimulate phospholipid synthesis. Carlson and 
coworkers demonstrated that insulin blocks cortisol action at the 
level of the fibroblast by reducing the production of fibroblast- 
pneumocyte factor.

Clinical studies to investigate the effect of maternal diabetes 
on fetal lung maturation have produced conflicting data. The 
role of amniocentesis in determining fetal lung m aturity is dis
cussed with timing and mode of delivery. Several studies 
suggest that in women with well-controlled diabetes whose 
fetus is delivered at 38 to 39 weeks’ gestation, the risk for 
respiratory distress syndrome (RDS) is no higher than that 
observed in the general population. Kjos and Walther33 studied 
the outcome of 526 diabetic gestations delivered within 5 days 
of amniotic fluid fetal lung maturation testing and reported 
hyaline membrane disease (HMD) in five neonates (0.95%), all 
of whom were delivered before 34 weeks’ gestation. Mimouni 
and associates compared outcomes of 127 IDMs with matched 
controls and concluded that well-controlled diabetes in preg
nancy is not a direct risk factor for the development of RDS. 
Yet cesarean delivery not preceded by labor and prematurity, 
both of which are increased in diabetic pregnancies, clearly 
increases the likelihood of neonatal respiratory disease. With 
cesarean delivery, many of these cases represent retained lung 
fluid or transient tachypnea of the newborn, which usually 
resolves within the first days of life.

Calcium and Magnesium Metabolism
Neonatal hypocalcemia, with serum levels below 7 mg/dL or an 
ionized level less than 4 mg/dL, occurs at an increased rate in 
IDMs when controlling for predisposing factors such as prema
turity and birth asphyxia. W ith modern management, the 
frequency of neonatal hypocalcemia is less than 5% in IDMs. 
Hypocalcemia in IDMs has been associated with a failure to 
increase parathyroid hormone synthesis following birth. De
creased serum magnesium levels have also been documented in 
pregnant diabetic women as well as in their infants. Mimouni 
and associates described reduced amniotic fluid magnesium
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concentrations in women with type 1 DM. These findings may 
be explained by a drop in fetal urinary magnesium excretion, 
which would accompany a relative magnesium-deficient state. 
Paradoxically, magnesium deficiency may then inhibit fetal para
thyroid hormone secretion.

Hyperbilirubinemia and Polycythemia
Hyperbilirubinemia is frequently observed in the IDM. Neona
tal jaundice has been reported in as many as 25% to 53% of 
pregnancies complicated by pregestational DM and 38% of 
pregnancies in women with GDM. Jaundice observed in IDMs 
can be attributed largely to prematurity. However, jaundice is 
also increased in macrosomic IDMs.

Although severe hyperbilirubinemia may be observed inde
pendent of polycythemia, a common pathway for these compli
cations most likely involves increased RBC production, which 
is stimulated by increased erythropoietin (EPO) in the IDM. 
Presumably, the major stimulus for red cell production is a state 
of relative hypoxia in utero. Cord EPO levels generally are 
normal in IDMs whose mothers demonstrate good glycemic 
control during gestation; however, hemoglobin A le  (HbAlc) 
values in late pregnancy are significantly elevated in mothers of 
hyperbilirubinemic infants.

Cardiomyopathy
A transient form of cardiomyopathy may occur in IDMs. Among 
symptomatic infants, septal hypertrophy may cause left ven
tricular outflow obstruction. Although most infants are asymp
tomatic, respiratory distress or signs of cardiac failure may arise. 
Cardiac hypertrophy likely results from fetal hyperinsulinemia, 
which leads to fat and glycogen deposition in the myocardium. 
Thus cardiomyopathy generally occurs in pregnancies com
plicated by macrosomia in which glucose levels are poorly 
controlled. Elevated levels of B-type natriuretic peptide (BNP) 
produced during cardiac stress have been reported in umbilical 
blood of IDMs and have been correlated with maternal glycemic 
control. In most cases, symptoms of cardiomyopathy improve 
over several weeks with supportive care, and echocardiographic 
changes resolve as well.

MATERNAL CLASSIFICATION  
AND RISK ASSESSM ENT
Priscilla White first noted that the patient’s age at onset of 
diabetes, the duration o f the disease, and the presence of 
vasculopathy significantly influenced perinatal outcome. Her
classification system has been widely applied to pregnant women 
with diabetes, and a modification of this scheme is presented in 
Table 40-1. Counseling a patient and formulating a plan of 
management requires assessment of both maternal and fetal risk. 
The W hite classification may facilitate this evaluation, yet con
sideration of glycemic control in early pregnancy is also vital to 
risk assessment.

Class A, DM includes those women who have demon
strated carbohydrate intolerance during an oral glucose tol
erance test (GTT); however, their fasting and postprandial 
glucose levels are maintained within physiologic range by 
dietary regulation alone. Class A2 includes women with 
GDM who require medical management that consists of 
insulin or oral hypoglycemic therapy in response to repetitive 
elevations of fasting or postpartum glucose levels following 
dietary intervention.

Two international workshop conferences on gestational dia
betes sponsored by the American Diabetes Association (ADA) 
in cooperation with the American College of Obstetricians and 
Gynecologists (ACOG) recommended that the term gestational 
diabetes, rather than class A diabetes, be used to describe women 
with carbohydrate intolerance of variable severity with onset or 
recognition during the present pregnancy. The definition applies 
whether insulin or only diet modification is used for treatment 
and whether the condition persists after pregnancy. It does not 
exclude the possibility that unrecognized glucose intolerance 
may have antedated the pregnancy or may have begun with 
pregnancy. The increasing frequency o f type 2 diabetes has 
drawn attention to the need to distinguish diabetes first iden
tified in early pregnancy as most likely representing cases of 
“overt diabetes.” The term gestational diabetes fails to specify 
whether the patient requires dietary adjustment alone or treat
ment with diet and insulin. This distinction is important because 
those women who are normoglycemic while fasting appear to 
have a significantly lower perinatal mortality rate. Women with 
GDM who require medical management are at greater risk for 
a poor perinatal outcome than those whose diabetes is controlled 
by diet alone.

Women who require insulin are designated by the letters B, 
C , D, R, F, and T. Class B patients are those whose onset of 
disease occurs after age 20 years. They have had diabetes for less 
than 10 years and have no vascular complications. Included in 
this subgroup of patients are those who have been previously 
treated with oral hypoglycemic agents.

Class C diabetes includes patients whose onset of disease was 
between the ages of 10 and 19 years and those who have had 
the disease for 10 to 19 years. Vascular disease is not present.

Class D represents women whose disease is of 20 years’ dura
tion or more, those whose disease onset occurred before the age 
of 10 years, and those who have benign retinopathy. The latter 
includes microaneurysms, exudates, and venous dilation.

Nephropathy
Renal disease develops in 25% to 30% of women with IDDM, 
with a peak incidence after 16 years of diabetes. Overt diabetic 
nephropathy is diagnosed in women with type 1 or type 2 
DM when persistent proteinuria exists in the absence of 
infection or other urinary tract disease. Damm and col
leagues34 have reported the prevalence o f diabetic nephropa
thy during pregnancy to be 2.3%  (5/220) in women with 
type 2 diabetes and 2.5% (11/445) in women with type 1 
diabetes. The criteria for diagnosis in the nonpregnant state 
includes a total urinary protein excretion (TPE) of greater than 
500 mg in 24 hours or greater than 300 mg in 24 hours of 
urinary albumin excretion (UAE).

Before the development of overt diabetic nephropathy, some 
individuals develop incipient diabetic nephropathy defined by 
repetitive increases in UAE known as microalbuminuria. The 
diagnosis is established from a 24-hour urine collection exhibit
ing UAE of 20 to 199 |Ag/min or 30 to 299 mg in 24 hours. It 
is important to note that women who exhibit microalbuminuria 
in early pregnancy have a 35% to 60% risk for superimposed 
preeclampsia.35 W ithout specific interventions, about 80% of 
individuals with type 1 diabetes who develop sustained micro
albuminuria experience an increase in UAE of 10% to 20% per 
year, leading to overt nephropathy. In the nonpregnant indi
vidual, improvement of glycemic and blood pressure control has 
been demonstrated to reduce the risk for, or slow the progression
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Section VI Pregnancy and Coexisting Disease

TABLE 40-4 C O M P A R A T IV E  S T U D IE S  OF O U T C O M E S  IN C LA S S  F D IA B E TE S  M E L L IT U S
KITZMILLER ET A L103 GRENFEL ET A L ’04 REECE ET A L '05 ULLMO ET AL106 ROSENN ET AL107

No. o f subjects 26 20 31 45 61
Chronic hypertension 31% 27% 22% 26% 47%
Initial creatinine >1.9 mg/dL 38% 10% 22% 11% —
Initial proteinuria >3 g/24 hr 8.3% — 22% 13% —
Preeclampsia 15% 55% 35% 53% 51%
Cesarean delivery — 72% 70% 80% 82%
Perinatal survival (%) 88.9 100 93.5 100 94%
M ajor anomalies 3 (11.1% ) 1 (4.3%) 3 (9.7%) 2 (4%) 4  (6%)
Intrauterine growth restriction (%) 20.8 — 19.4 11.0 11%
Delivery
<34 wk (%) 30.8 27 22.5 15.5 25%
34-36 w k (%) 40.7 23 32.3 35.5 28%
>36 w k (%) 28.5 50 45.2 49 47%

of, diabetic nephropathy. Renoprotective or antihypertensive 
therapy consisting of either angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin II receptor blockers (ARBs) is 
indicated in nonpregnant women with diabetes who exhibit 
microalbuminuria or overt nephropathy. In contrast, both ACE 
inhibitors and ARBs are contraindicated during pregnancy 
because they may result in fetal proximal tubal dysgenesis 
and oligohydramnios. A population-based study by Cooper 
and colleagues36 has indicated potential teratogenesis in women 
who received ACE inhibitors in early pregnancy and thus 
calls into question whether such agents are advised in women 
attempting conception. These researchers studied a cohort of 
29,507 infants enrolled in Tennessee Medicaid born between 
1985 and 2000 for whom there was no evidence of maternal 
diabetes. A total of 209 infants with exposure to ACE inhibitors 
during the first trimester alone were compared with 202 infants 
exposed to other antihypertensives during the first trimester and 
with 29,096 infants with no exposure to any antihypertensive 
agents during pregnancy. Major congenital malformations were 
identified from linked vital records and hospitalization claims 
during the first year of life. Infants with only first-trimester 
exposure to ACE inhibitors had an increased risk for major 
congenital malformations (RR, 2.71; 95% CI, 1.72 to 4.27) 
compared with infants who had no fetal exposure to other anti
hypertensive medications during only the first trimester. The 
increased risk conferred by ACE inhibitor exposure manifested 
as primarily anomalies of the cardiovascular and central nervous 
systems. Clearly, given this information, the risk and benefits of 
use of ACE inhibitors in diabetic women planning pregnancy 
must be considered.

Women with diabetic nephropathy have a significantly 
reduced life expectancy. Disease progression is characterized by 
hypertension, declining glomerular filtration rate (GFR), and 
eventual end-stage renal disease (ESRD) that requires dialysis or 
transplantation. In women with overt nephropathy, ESRD 
occurs in 50% by 10 years and in greater than 75% by 20 years.

Class F describes pregnant women with underlying renal 
disease. This includes those with reduced creatinine clearance 
or proteinuria o f at least 500 mg in 24 hours measured 
during the first 20 weeks o f gestation. Two factors present 
before 20 weeks’ gestation appear to be predictive of adverse 
perinatal outcome in these women (e.g., preterm delivery, low 
birthweight, or preeclampsia): proteinuria greater than 3 g per 
24 hours and serum creatinine greater than 1.5 mg/dL.

In a series of 45 class F women, 12 women had such 
risk factors.3 Preeclampsia developed in 92%, with a mean

gestational age at delivery of 34 weeks, compared with an inci
dence of preeclampsia of 36% in 33 women without these risk 
factors who reached an average gestational age of 36 weeks. 
Remarkably, perinatal survival was 100% in this series, and no 
deliveries occurred before 30 weeks’ gestation. Comparable 
series’ detailing perinatal outcomes in class F patients are pre
sented in Table 40-4.

The management of the diabetic woman with nephropathy 
requires great expertise. Limitation of dietary protein, which 
may reduce protein excretion in nonpregnant patients, has not 
been adequately studied during pregnancy. Although controver
sial, some nephrologists recommend a modified reduction in 
protein intake for pregnant women with nephropathy. Control 
of hypertension in pregnant women with diabetic nephropa
thy is crucial to prevent further deterioration o f kidney func
tion and to optimize pregnancy outcome. Suboptimal control 
of blood pressure has been associated with a significandy 
increased risk for preterm delivery in this population. Thus 
in contrast to higher suggested thresholds for treatment in 
nondiabetic individuals, some have recommended institut
ing antihypertensive therapy to maintain blood pressure less 
than 135/85 mm Hg in pregnant women with nephropa
thy.38 Prospective studies to evaluate blood pressure targets 
in pregnant women with diabetic nephropathy have not 
been conducted. Because calcium channel blockers have reno
protective effects similar to those of ACE inhibitors and do not 
appear to be teratogenic, these agents are our first choice for 
treatment of hypertension in pregnant women with diabetic 
nephropathy. W hether such agents benefit normotensive preg
nant women with microalbuminuria or nephropathy has not 
been determined. Other options for treatment include labetalol 
or hydralazine.

Studies are limited and conflict as to whether a permanent 
worsening of diabetic renal disease in women with mild to 
moderate renal insufficiency occurs as a result of pregnancy. 
Several small studies of women with serum creatinine greater 
than 1.5 mg/dL suggest that pregnancy may be associated 
with a more rapid decline in postpartum renal function. The 
increased risk of ESRD in nondiabetic women with previous 
preeclampsia also raises the question as to whether preeclampsia 
has an independent effect on the incidence and progression 
of diabetic nephropathy. In summary, no deleterious effect 
on the progression o f diabetic nephropathy is apparent 
provided that serum creatinine is in the normal range and 
significant proteinuria is absent in early pregnancy. ’ In a 
review of 35 pregnancies complicated by diabetic nephropathy,
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proteinuria increased in 69%, and hypertension developed in 
73%. After delivery, proteinuria declined in 65% of cases. In 
only two patients did protein excretion increase after gestation. 
In Gordon’s series, 26 women (58%) had more than a 1-g 
increase in proteinuria, and by the third trimester, 25 (56%) 
excreted more than 3 g in 24 hours. In most cases, protein excre
tion returned to baseline levels after gestation.

Normal pregnancy is marked by an approximate 50% increase 
in GFR, and thus a rise in creatinine clearance, accompanied by 
a modest decline in serum creatinine. Most women with diabetic 
nephropathy, however, do not exhibit a rise in creatinine clear
ance during gestation. In a study of 46 class F pregnancies, 
Gordon and colleagues reported a mean decrease in creatinine 
clearance of 7.9%. W hen evaluated according to initial creati
nine clearance, no difference in the degree of change was noted 
when subjects were classified according to first-trimester renal 
function. Whereas few patients exhibited a rise in creatinine 
clearance, other smaller studies have demonstrated an increase 
in creatinine clearance in about one third of women. Given the 
importance of blood pressure control in reducing cardiovascular 
and renal complications in the nonpregnant state, Carr and col
leagues40 studied the effect of poorly controlled hypertension in 
early pregnancy on renal function in 43 women with type 1 
diabetes with nephropathy. Those women with mean arterial 
pressure in excess of 100 mm Hg demonstrated higher serum 
creatinine levels (1.23 vs. 0.895 mg/dL) compared with women 
with controlled hypertension.

W ith overt diabetic nephropathy, both albumin and total 
protein excretion may rise significantly during gestation. Impor
tantly, a rise in total protein excretion to levels exceeding 300 mg 
in 24 hours may also be observed in women both with and 
without microalbuminuria in early pregnancy. Biesenbach and 
Zazgornik reported an average increase by the third trimester in 
total protein excretion to 478 mg in 24 hours in seven women 
with microalbuminuria in early pregnancy. This observation 
underscores the importance of obtaining baseline 24-hour urine 
measurements for total protein in all diabetic women because 
confusion arises as to the significance when new-onset macroal
buminuria or proteinuria is detected during the third trimester. 
Despite this recommendation, it may be challenging to distin
guish preeclampsia from the natural progression of diabetic 
nephropathy, which often manifests as progressive proteinuria 
during pregnancy.

Gordon and colleagues37 have detailed the progressive rise in 
proteinuria during pregnancy in 46 class F pregnancies. The 
mean increase in proteinuria between initial values and third- 
trimester values was 3.08 (+ 4 g) in 24 hours. Twenty-six women 
(58%) had more than a 1-g increase in proteinuria, and by the 
third trimester, 25 (56%) excreted more than 3 g in 24 hours, 
including three women who exceeded 10 g in 24 hours. The 
mean change in proteinuria was not correlated with alterations 
in creatinine clearance, and a similar increase in proteinuria was 
observed during pregnancy regardless of the initial level present.

In summary, changes in creatinine clearance are variable 
during pregnancy in women with diabetic nephropathy. 
Most women with nephropathy will not exhibit a normal rise 
in creatinine clearance. Protein excretion will frequently rise 
during gestation to levels that can reach the nephrotic range.

W ith improved survival of diabetic patients after renal trans
plantation, a growing number of kidney recipients have now 
achieved pregnancy (class T ). Attempting pregnancy is not 
advised until 2 years after transplantation. Mycophenolate is

contraindicated during pregnancy, and a decision as to whether 
to discontinue this drug prior to conception should be individu
alized. Most diabetic renal transplant patients have underlying 
hypertension, although in one series of 28 women, preeclampsia 
was diagnosed in only 17% of cases. Allograft rejection occurred 
in one case. Overall, despite an increase in deliveries before 37 
weeks, perinatal survival was 100%. These excellent results have 
come from improvements in both perinatal management and 
newer immunosuppressive regimens.

M any transplantation centers strive to perform combined 
kidney-pancreas transplantations in diabetic individuals with 
ESRD. Gilbert-Hayn and McGrory reviewed pregnancy out
comes in 43 pancreas-kidney recipients, of whom 66% devel
oped hypertension and 77% had pregnancies that resulted in 
preterm birth. In this series, 6% of women experienced a rejec
tion episode during pregnancy.

Retinopathy
Class R diabetes designates women with proliferative reti
nopathy, which represents neovascularization or growth of 
new retinal capillaries. These vessels may cause vitreous hem
orrhage with scarring and retinal detachment, which results 
in vision loss. As with nephropathy, prevalence of retinal disease 
is highly related to the duration of diabetes. At 20 years, nearly 
80% of diabetic individuals have some element of diabetic reti
nopathy. Background changes are generally apparent, whereas 
proliferative diabetic retinopathy fortunately complicates only 
3% of pregnancies. Excellent glycemic control prevents retinopa
thy and may slow its progression. Parity is not associated with a 
risk for subsequent retinopathy; however, pregnancy does convey 
more than a twofold independent risk for progression of existing 
retinopathy. Progression o f diabetic retinopathy during 
pregnancy is associated with (1) retinal status at inception, 
(2) duration and early onset o f diabetes, (3) elevated first- 
trimester HbAlc and persistent poor glycemic control or 
rapid normalization o f blood glucose, and (4) hyperten
sion.41 Retinopathy may worsen significantly during pregnancy 
despite the major advances that have been made in diagnosis 
and treatment of existing retinopathy. Ideally, women planning 
a pregnancy should have a comprehensive eye examination and 
treatment before conception. For those discovered to have pro
liferative changes during pregnancy, laser photocoagulation 
therapy with careful follow-up has helped maintain many preg
nancies to a gestational age at which neonatal survival is likely.

In a large series of 172 patients, including 40 cases with 
background retinopathy and 11 with proliferative changes, only 
one patient developed new-onset proliferative retinopathy 
during pregnancy. A review of the literature by Kitzmiller and 
colleagues42 confirms the observation that progression to prolif
erative retinopathy during pregnancy rarely occurs in women 
with background retinopathy or in those without any eye- 
ground changes. Of the 561 women in these two categories, only 
17 (3%) developed neovascularization during gestation. In con
trast, 23 of 26 (88.5%) with untreated proliferative disease expe
rienced worsening retinopathy during pregnancy.

Pregnancy may increase the prevalence of some background 
retinal changes. Characteristic streak-blob hemorrhages and soft 
exudates have been noted, and such retinopathy may progress 
despite strict metabolic control. At least two studies have related 
worsening retinal disease to plasma glucose at the first prenatal 
visit as well as the magnitude of improvement in glycemia 
during early pregnancy. In a subset of 140 women without
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proliferative retinopathy at baseline followed in the Diabetes in 
Early Pregnancy Study, progression of retinopathy was seen in 
10.3%, 21.1%, 18.8%, and 54.8% of patients with no retinopa
thy, microaneurysms only, mild nonproliferative retinopathy, 
and moderate to severe nonproliferative retinopathy at baseline, 
respectively. Elevated glycosylated hemoglobin at baseline and 
the magnitude of improvement of glucose control through week 
14 were associated with a higher risk for progression of retinopa
thy. Women with an initial glycohemoglobin greater than 6 
standard deviations (SDs) above the control mean were nearly 
three times as likely to experience worsening retinopathy com
pared with those within 2 SDs of the mean. Whether improving 
control or simply suboptimal control contributes to a deteriora
tion of background retinopathy remains uncertain. Hyperten
sion may also be a significant risk factor for the progression of 
retinopathy during pregnancy. For women with proliferative 
changes, laser photocoagulation is indicated, and most will 
respond to this therapy. However, women who demonstrate 
severe florid disc neovascularization that is unresponsive to 
laser therapy during early pregnancy may be at great risk for 
deterioration o f their vision. Termination of pregnancy may 
need to be considered in this group of patients.

In labor, women with proliferative retinopathy are generally 
advised to avoid the Valsalva maneuver to reduce the risk for 
retinal hemorrhage. Shortening of the second stage of labor or 
cesarean delivery has been advocated; however, studies are 
lacking that address this issue.

In addition to background and proliferative eye disease, vaso- 
occlusive lesions associated with the development of macular 
edema have been described during pregnancy. Cystic macular 
edema is most often found in patients with proteinuric nephrop
athy and hypertensive disease, leading to retinal edema; macular 
capillary permeability is a feature of this process, and the degree 
of macular edema is directly related to the fall in plasma oncotic 
pressure present in these women. In one series, seven women 
with minimal or no retinopathy before becoming pregnant 
developed severe macular edema associated with preproliferative 
or proliferative retinopathy during the course of their pregnan
cies. Although proliferation was controlled with photocoagula
tion, the macular edema worsened until delivery in all cases and 
was often aggravated by photocoagulation. Although both 
macular edema and retinopathy regressed after delivery in some 
patients, in others, these pathologic processes persisted and 
resulted in significant visual loss.

Coronary Artery Disease
Class H diabetes refers to the presence o f diabetes o f 
any duration associated with ischemic myocardial disease.
Symptomatic coronary artery disease is rare in type 1 diabetic 
women who are younger than 35 years. It is unknown whether 
the small number of women who have coronary artery disease 
are at an increased risk for infarction during gestation. The 
maternal mortality rate exceeded 50% for cases of infarction 
during pregnancy reported before 1980; however, all but 1 of
23 cases reported from 1980 to 2005 survived. A high index of 
suspicion for ischemic heart disease should be maintained in 
women with long-standing diabetes because anginal symptoms 
may be minimal in women, and infarction may present as con
gestive heart failure. Although more than a dozen reports have 
described successful pregnancies following myocardial infarction 
(MI) in diabetic women, cardiac status should be carefully 
assessed early in gestation or, preferably, before pregnancy. If

electrocardiographic (ECG) abnormalities are encountered, 
echocardiography may be used to assess ventricular function, 
or modified stress testing may be performed. The decision 
to undertake a pregnancy in a woman with type 1 or type 2 
DM and coronary artery disease needs to be made only after 
serious consideration. The potential for morbidity and mortality 
must be thoroughly reviewed with the patient and her family. 
The management of MI during pregnancy is discussed in 
Chapter 37.

EARLY SCREENING FOR OVERT DIABETES 
AND DETECTION OF GESTATIONAL 
DIABETES MELLITUS
The frequency o f diabetes complicating pregnancy has gener
ally been estimated to be as high as 6% to 7%  with approx
imately 90%  o f these cases representing women with 
GDM.*3 Utilizing a pregnancy risk-assessment monitoring 
system between 2007 and 2010, DeSisto and colleagues43 con
firmed that the prevalence of GDM is rising in the United States 
and may now be as high as 9.2% . The increasing frequency of 
GDM can be attributed to the worldwide obesity epidemic as 
well the introduction of less stringent criteria for the diagnosis 
now being adapted by some institutions. An increased preva
lence of GDM is found in women of ethnic groups that have 
high frequencies of type 2 diabetes. These include women of 
Hispanic, African, Native American, Asian, and Pacific Island 
ancestry. Women with GDM represent a group with significant 
risk for developing glucose intolerance later in life. O’Sullivan 
projected that 50% of women with GDM would become dia
betic in follow-up at 22 to 28 years. Kjos and colleagues reported 
that 60% of Latina women will develop type 2 diabetes, and 
this level of risk may actually be manifest by 5 years after the 
GDM index pregnancy. The likelihood for subsequent diabetes 
increases when GDM is diagnosed in early pregnancy and when 
maternal fasting glucose levels are elevated. Presumably, some of 
these women with impaired P-cell function may represent cases 
of unidentified preexisting type 2 diabetes.

As noted earlier, GDM is a state restricted to pregnant women 
whose impaired glucose tolerance (IGT) is discovered during 
pregnancy. Because in most cases, patients with GDM have 
normal fasting glucose levels, some challenge of glucose toler
ance must be undertaken. Traditionally, obstetricians relied on 
historic and clinical risk factors to select those patients most 
likely to develop GDM. This group included patients with a 
family history of diabetes and those whose past pregnancies were 
marked by an unexplained stillbirth or the delivery of a mal
formed or macrosomic infant. Obesity, hypertension, glycosuria, 
and maternal age older than 25 years were other indications for 
screening. Although multiple risk factors may increase the likeli
hood of GDM, more than half of all women who exhibit an 
abnormal GTT lack any of these risk factors.

The ACOG suggests that all pregnant women be screened 
for GDM, whether by the patient’s medical history, clinical risk 
factors, or laboratory screening tests to determine blood glucose 
levels (Box 40-2). Screening is generally performed at 24 to 28 
weeks’ gestation, when the “diabetogenic state” of pregnancy 
has been established. ACOG also recommends early pregnancy 
screening for undiagnosed type 2 diabetes in women with a previ
ous history of GDM, a history of impaired glucose metabolism, 
or those who are obese. Studies validating various approaches to 
early pregnancy screening for both type 2 diabetes and GDM
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 879

BOX 40-2 SCREENING STRATEGY FOR DETECTING GDM

G DM  risk  a sse ssm e n t s h o u ld  be a sce rta in e d  a t th e  f ir s t  p re 
natal v is it.
• L o w  risk: B lo o d  g lu c o s e  te s tin g  is n o t ro u tin e ly  re q u ire d  

if  a ll o f th e  fo l lo w in g  c h a ra c te r is tic s  are  p resen t:
• M e m b e r o f an e th n ic  g ro u p  w ith  a lo w  p re va le n ce  o f 

G D M
• N o k n o w n  d ia b e te s  in f irs t-d e g re e  re la tive s
• A g e  <25 ye a rs
• W e ig h t n o rm a l b e fo re  p re g n a n c y
• N o h is to ry  o f  a b n o rm a l g lu co se  m e ta b o lis m
• N o h is to ry  o f  p o o r  o b s te tr ic  o u tc o m e

• A v e ra g e  risk: P e rfo rm  b lo o d  g lu co se  te s tin g  at 24 to  28 
w eeks by  one  o f  th e  fo l lo w in g  m e th o d s :

• T w o -s te p  p ro c e d u re : A  50-g  GCT fo llo w e d  by  a 
d ia g n o s tic  o ra l G TT in th o s e  w h o  m ee t th e  th re s h o ld  
v a lu e  in  th e  GCT

• O n e -s te p  p ro ce d u re : D ia g n o s tic  o ra l G TT p e rfo rm e d  
on  all s u b je c ts

• H igh risk: P e rfo rm  b lo o d  g lu co se  te s tin g  as so o n  as 
fe a s ib le  u s in g  th e  p ro c e d u re s  d e sc rib e d  a b o ve  if  one  o r 
m o re  o f  th e se  are p resen t:

• S evere  o b e s ity
• S tro n g  fa m ily  h is to ry  o f  ty p e  2 d ia b e te s
• P re v io u s  h is to ry  o f  G D M , im p a ire d  g lu co se  

m e ta b o lis m , o r  g lu c o s u ria
If G D M  is n o t d ia g n o s e d , b lo o d  g lu co se  te s tin g  s h o u ld  be 

repea ted  at 24 to  28 w e e ks  o r  a n y tim e  a p a tie n t has s y m p 
to m s  o r  s ig n s  s u g g e s tiv e  o f h y p e rg ly c e m ia .

From Metzger BE, Buchanan TA, Coustan DR, et al. Summ ary and recom
mendations o f the Fifth International W orkshop Conference on Gesta
tional Diabetes Mellitus. Diabetes Care. 2010;30:3154.
GCT, glucose challenge test; GDM , gestational diabetes mellitus; 
GTT, glucose tolerance test.

are, however, lacking. A simple approach to early screening for 
diabetes is to obtain an H bA lc level in women believed to be 
at greatest risk. A diagnosis of overt diabetes is made if  the level 
is greater than or equal to 6.5%. If the level is between 5.7% 
and 6.4% , suggesting impaired glucose tolerance, a diagnostic 
oral GTT is performed. For those women with normal results or 
those with an H bA lc level less than 5.7%, screening for GDM 
is then undertaken at 24 to 28 weeks. Recently, Hughes and 
colleagues44 suggested that an early H bA lc level greater than or 
equal to 5.9% is optimal for detecting overt diabetes in women 
at less than 20 weeks’ gestation and also identifies women at 
increased risk of adverse pregnancy outcomes.

Despite the widespread acceptance of screening for and treat
ing GDM in the United States, expert panels have only recently 
recognized the benefit of GDM screening programs alto
gether.45,46 The criteria for the diagnosis of GDM originally 
designated a population at increased risk for the development of 
type 2 diabetes in later life. The fact that O ’Sullivan’s original 
work that established the criteria used for the diagnosis of GDM 
failed to evaluate an association between m ild carbohydrate tol
erance and perinatal outcome led many to question the overall 
significance of this diagnosis.

The Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) study was designed to aid in the development of 
internationally agreed-upon diagnostic criteria for GDM 
based on their predictive value for pregnancy outcome.4 This 
landmark multicenter international study allowed for analysis 
of blinded, 75-g, 2-hour oral GTT data in more than 25,000

gravidas without pregestational diabetes. Glycemia was evalu
ated in relation to various perinatal and maternal outcomes. 
Increases in each o f the three values on the 75-g, 2-hour 
oral GTT were associated with graded increases in the likeli
hood o f outcomes such as an LGA infant, cesarean delivery, 
fetal C-peptide levels, and neonatal adiposity (Fig. 40-14). 
The HAPO study investigators did not offer specific recom
mendations for the diagnostic criteria of GDM. Because a con
tinuous association was found between glucose values and 
perinatal outcome, it was apparent that any new recommended 
diagnostic criteria would need to be arrived at by consensus. To 
meet this challenge, the International Association of Diabetes 
and Pregnancy Study Groups (IADPSG) convened a workshop 
conference in 2008.48 An odds ratio of 1.75 greater than the 
mean was selected for the outcomes of increased neonatal body 
fat, LGA, and cord serum C-peptide greater than the 90th per
centile, which yielded the recommended diagnostic criteria for 
GDM (Table 40-5).

Importantly, the IADPSG task force recommended that a 
75-g, 2-hour oral GTT be performed universally during preg
nancy and that the diagnosis of GDM be made when any single 
value on the oral GTT was met or exceeded.48 Using the pro
posed criteria, 17.8% of the HAPO study population would be 
identified as having GDM. A recent retrospective cohort study 
confirmed a greater than twofold increased risk of LGA infants 
among the offspring of untreated women who met only the 
IADPSG criteria for diagnosis of GDM (and not the ACOG 
accepted Carpenter and Coustan criteria) when compared with 
a control population.46 There are, however, no data from ran
domized treatment trials regarding therapeutic interventions for 
the expanded group of women identified as having GDM using 
IADPSG criteria for the diagnosis. This important consideration 
was paramount to the conclusions of the 2013 Eunice Kennedy 
Shriver National Institute of Child Health and Human Devel
opment (NICHD) Consensus Development Conference on 
diagnosing GDM.49 The conferees recommended that health 
care providers continue to use a two-step approach to the screen
ing and diagnosis of GDM because no evidence suggests that 
using the 2-hour oral GTT criteria to diagnose GDM would 
lead to clinically significant improvements in maternal or 
newborn outcomes and that a significant increase in health care 
costs would accompany adoption of the IADPSG criteria. 
Another major concern with the IADPSG approach is the reli
ance on a single oral GTT value to confer the diagnosis of 
GDM.49 Theoretic cost-benefit analyses have suggested a benefit 
to using the IADPSG criteria; however, one such study recog
nized the benefit to hinge on follow-up and potential prevention 
of type 2 diabetes in the additional group of women identified 
as having GDM using IADPSG criteria. Proponents of the 
IADPSG approach to diagnosis cite (1) the fact that the two-step 
approach may miss approximately 25% of GDM in those who 
pass the 50-g screen yet demonstrate an abnormal oral GTT, 
and (2) the rate of prediabetes in women in the United States 
is approximately 26%, and this figure is not very different from 
the rate of GDM using the IADPSG criteria. A recent systematic 
review of diagnostic thresholds for GDM concluded that a prag
matic approach to the diagnosis of GDM utilizing a HAPO 
study odds ratio (OR) of 2.0 as a threshold, in contrast to the 
IADPSG criteria (OR, 1.75), warrants further consideration, 
until additional analysis of the data comparing mutually exclu
sive groups of women is provided and large randomized con
trolled trials (RCTs) to investigate different diagnostic thresholds
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FIG 40-14 Frequency of perinatal and maternal outcomes in relation to maternal glycemia. (Modified from Metzger BE, Lowe LP, Dyer AR, for 
the HAPO Study Cooperative Research Group: Hyperglycemia and adverse pregnancy outcomes. N Engl J Med. 2008;358:1991.)

TABLE 40-5 IN T E R N A T IO N A L  A S S O C IA T IO N  OF  
D IA B E TE S  A N D  P R E G N A N C Y  S T U D Y  
G R O U P S ' D E F IN IT IO N  OF G D M *

FREQUENCY
GLUCOSE OF GDM (%)

Fasting glucose 92 mg/dL Alone 8.3
1-hr glucose 180 mg/dL Plus 5.7 = 14
2-hr glucose 153 mg/dL Plus 2.1 = 16.1+

From Metzger BE, Gabbe SG, Persson B, for the International Association of Diabetes 
and Pregnancy Study Groups Consensus Panel. Recommendations on the diagnosis and 
classification of hyperglycemia in pregnancy. Diabetes Care. 2010;33:676.
*Based on a universal, 75-g, 2-hr glucose tolerance test. Diagnosis of GDM is made if 
one value is met or exceeded.
Approximately 1.7% of the HAPO study population were unblinded because of fasting 
glucose >105 mg/dL and/or at 2 hr, >200 mg/dL. As a result, the frequency of GDM in 
this population would be 17.8%.
GDM, gestational diabetes mellitus.

are completed.50,51 Utilizing an OR of 2.0 with HAPO-derived 
data would result in a frequency of GDM of approximately 
10%, in contrast to the 18% when using the proposed IADPSG 
thresholds.52 To date, two observational and one cross-sectional 
study have confirmed a markedly increased frequency of GDM 
utilizing the IADPSG criteria for diagnosis without a reduction 
in LGA infants.53'54 The ADA recently summarized the dilemma 
concerning the two strategies— the IADPSG one-step approach 
using a 2-hour, 75-g oral GTT versus the traditional two-step 
method using a diagnostic 3-hour oral GTT—with the follow
ing key points:

1. Data are insufficient to strongly demonstrate the superior
ity of one strategy over the other.

2. The decision of which strategy to implement must there
fore be made based on relative values placed on currently 
unmeasured factors (e.g., cost-benefit estimation; willing
ness to change practice based on correlation studies, rather 
than on clinical intervention trial results; relative role of 
cost considerations; and available infrastructure).

3. Further research is needed to resolve these uncertainties.
At the present time, most practitioners in the United States

continue to perform glucose-challenge screening followed by 
a diagnostic 100-g oral GTT (two-step approach). The 50-g 
glucose challenge may be performed in the fasting or fed state. 
Sensitivity is improved if  the test is performed in the fasting 
state. A plasma value between 130 and 140 mg/dL is com
monly used as a threshold for performing a 3-hour oral GTT 
(Table 40-6). Coustan and coworkers have demonstrated that 
10% of women with GDM have screening test values between 
130 and 139 mg/dL. This study indicated that the sensitivity of 
screening would be increased from 90% to nearly 100% if uni
versal screening were used with a threshold of 130 mg/dL. The 
prevalence of positive screening tests that require further diag
nostic testing increases from 14% (140 mg/dL) to 23% (130 mg/ 
dL), which is accompanied by about a 12% increase in the 
overall cost to diagnose each case of GDM.

Using the plasma cutoff of 135 to 140 mg/dL, approximately 
15% to 20% of patients with an abnormal screening value can 
be expected to have an abnormal 3-hour oral GTT. Patients
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 881

TABLE 40-6 D E T E C T IO N  OF G D M  
SCREENING TEST
(50 g, 1 hr)___________________PLASMA (mg/dL, 130-140)

O r a l G T T * N D D G
C a r p e n t e r  

&  C o u s ta n

Fasting glucose 105 95
1-hr glucose 190 180
2-hr glucose 165 155
3-hr glucose 145 110

*Diagnosis of gestational diabetes is made when any two values are met or exceeded in a 
100-g, 3-hour test.
GDM, gestational diabetes mellitus; GTT, glucose tolerance test; NDDG, National 
Diabetes Data Group.

whose 1-hour screening value exceeds 190 mg/dL(10.5 mmol/L) 
will exhibit an abnormal oral GTT in 90% of cases. In women 
with a screening value between 190 and 215 mg/dL, it is prefer
able to check a fasting blood glucose level before administering 
a 100-g carbohydrate load. If the fasting glucose is greater than 
95 mg/dL, the patient is treated for GDM.

The criteria for establishing the diagnosis of gestational dia
betes based on a 100-g, 3-hour oral GTT are listed in Table 
40-6. Both sets of diagnostic criteria are endorsed by ACOG. 
The U.S. National Diabetes Data Group (NDDG) criteria rep
resent a theoretic conversion of O ’Sullivan’s thresholds in whole 
blood. Carpenter and Coustan prefer to use another modifica
tion of these data, which is supported by a comparison of the 
old Somogyi-Nelson method and current plasma glucose oxidase 
assays. Several studies have confirmed that patients diagnosed 
using the less stringent Carpenter and Coustan criteria experi
ence as much perinatal morbidity (macrosomia and cesarean 
delivery) as subjects diagnosed by the NDDG criteria. In one 
study of 26,000 women that compared the two sets of criteria 
using cross-sectional data, the diagnosis of GDM increased 
approximately 50% utilizing the Carpenter-Coustan criteria. A 
recent secondary analysis of the NICHD Maternal-Fetal M edi
cine Units (M FMU) Network RCT for mild GDM demon
strated that the beneficial treatment effect was seen in subjects 
diagnosed by both NDDG and Carpenter-Coustan criteria. 
Using either of the two 100-g, 3-hour oral GTT criteria, the 
patient must have at least two abnormal glucose determinations 
to be diagnosed with GDM.

TREATMENT OF THE PATIENT WITH TYPE 1 
OR TYPE 2 DIABETES MELLITUS
Clinical efforts aimed at optimizing maternal control are 
considered the key component responsible for the decline in 
perinatal deaths in pregnancies complicated by DM over the 
past few decades. Self-monitoring of blood glucose, combined 
with intensive insulin therapy, has resulted in improved glycemia 
for many pregnant diabetic women. Women with pregestational 
diabetes should monitor their glucose control six to eight times 
daily using glucose-oxidase-impregnated reagent strips and a 
glucose reflectance meter. Target glucose levels for control of 
diabetes during pregnancy have been established largely based 
on expert opinion (Table 40-7). A recent review of twelve studies 
concerning patterns of glycemia in normal pregnancy suggested 
that glucose concentrations are significantly lower than sug
gested normal therapeutic targets (Fig. 40-16).^

TABLE 40-7 T A R G E T  P L A S M A  G L U C O S E  LEVELS
IN P R E G N A N C Y

TIME GLUCOSE LEVEL (mg/dL)

Before breakfast 60-90
Before lunch, supper, bedtime snack 60-105
One hour after meals <140
Two hours after meals <120
2 AM to 6 AM >60

FIG 40-15 Algorithm for antepartum fetal testing.

The technology of continuous glucose monitoring (CGM) 
has been studied in pregnant diabetic women. By providing a 
total of 288 measurements daily, compared with six to eight 
blood glucose measurements using self-monitoring of blood 
glucose, CGM can provide a more complete glycemic profile 
and can presumably detect unrecognized postprandial hypergly
cemia as well as symptomatic hypoglycemia. A randomized trial 
of 71 women with pregestational diabetes confirmed a lower 
third-trimester H bA lc level and reduced birthweight and mac
rosomia in women who underwent CGM.

Insulin therapy is recommended by the ADA as the 
primary medication to achieve optimal glycemic control in 
pregnant women with both type 1 and type 2 diabetes. 
Women with type 2 diabetes may present in early pregnancy 
on an oral agent for treatment o f their diabetes. Our approach 
is to continue metformin therapy in well-controlled type 2 
diabetic women, whereas those receiving other agents are 
generally switched to insulin therapy. Many type 2 diabetic 
women who enter pregnancy with their disease controlled 
with metformin will eventually require the addition of 
insulin to their regimen. To achieve the best glycemic control 
possible for each patient, conventional insulin therapy is 
abandoned during pregnancy in favor o f intensive therapy. 
Insulin regimens have classically included multiple injections of
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FIG 40-16 Patterns of glycemia in normal pregnancy. BG, blood glucose; FBG, fasting blood glucose; PP, postpartum; SD, standard deviation. 
(From Hernandez TL, Friedman JE, Van Pelt RE, Barbour LA. Patterns of giycemia in normal pregnancy: should the current therapeutic targets 
be challenged? Diabetes Care. 2011 ;34:1660.)

TABLE 40-8 TYPE OF H U M A N  IN S U L IN  A N D  IN S U L IN  A N A L O G U E S
SOURCE ONSET (HR) PEAK (HR) DURATION (HR)

Short Acting
H um ulin R (Lilly) Human 0.5 2-4 5-7
Velosulin H (Novo Nordisk) Human 0.5 1-3 8
Novolin R  (Novo Nordisk) Human 0.5 2.5-5 6-8
Rapid Acting
Lispro (Humalog, Lilly) Analogue 0.25 0 .5-1.5 4-5
Aspart (NovoLog, Nordisk) Analogue 0.25 1-3 3-5
Intermediate Acting
Hum ulin Lente (Lilly) Human 1-3 6-12 18-24
Hum ulin NPH (Lilly) Human 1-2 6-12 18-24
Novolin 1 (Novo Nordisk) Human 2.5 7-15 22
Novolin N (Novo Nordisk) Human 1.5 4-20 24
Long Acting
Glargine (Lantus, Sanofi) Analogue 1 _ 24
Detemir (Levemir, Novo Nordisk) Analogue 1-2 — 24

insulin— usually before breakfast, lunch, the evening meal, and 
often at bedtime— complemented by self-monitoring of blood 
glucose and adjustment of insulin dose according to glucose 
profiles. Patients are instructed on dietary composition, insulin 
action, recognition and treatment of hypoglycemia, adjusting 
insulin dosage for exercise and sick days, as well as monitoring 
for hyperglycemia and potential ketosis. These principles form 
the foundation for intensive insulin therapy in which an 
attempt is made to simulate physiologic insulin require
ments. Insulin administration is provided for both basal 
needs and meals, and rapid adjustments are made in response 
to glucose measurements. The treatment regimen generally 
involves three to four daily injections or the use o f continu
ous subcutaneous insulin infusion (CSII) devices. W ith either 
approach, frequent self-monitoring of blood glucose is funda
mental to achieve the therapeutic objective of physiologic 
glucose control. Glucose determinations are made in the fasting 
state and before lunch, dinner, and at bedtime. Postprandial and 
nocturnal values are also advised. Patients are instructed on an 
insulin dose for each meal and at bedtime, if  necessary. Mealtime 
insulin needs are determined by the composition of the meal, 
the premeal glucose measurement, and the level of activity antic
ipated following the meal. Basal or intermediate-acting insulin

requirements are determined by periodic 2:00 AM to 4:00 AM 
glucose measurements, as well as late afternoon values, which 
reflect morning intermediate-acting insulin action.

In patients whose diabetes is not well controlled, a brief 
period of hospitalization may be necessary for the initiation of 
therapy. Patients are encouraged to contact their physician at 
any time if  questions should arise concerning the management 
of their diabetes. During pregnancy, we advise women to 
report their glucose values by telephone, fax, or e-mail on at 
least a weekly basis.

Insulin therapy must be individualized with dosage determi
nations tailored to diet and exercise. Insulin requirements during 
pregnancy have been reported to average 0.7 U/kg in the first 
trimester, increasing to 1.1 U/kg by term, although the variation 
in requirements is considerable. Garcia-Patterson and colleagues 
have noted a steady increase in insulin requirements from 16 to
37 weeks, and unstable requirements are common before 16 
weeks. Semisynthetic human insulin preparations and newer 
insulin analogues (Table 40-8) are preferred for use during 
pregnancy. Insulin lispro and insulin aspart are rapid-acting 
insulin preparations that have replaced regular insulin. 
Insulin lispro features reversal of proline and lysine at positions 
B28 and B29, and because it remains in monomeric form, it is
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rapidly absorbed. Its duration of action is shorter than that of 
regular insulin, so unexpected hypoglycemia hours after injec
tion is avoided. Insulin lispro appears to be safe for use during 
pregnancy and is a category B drug. Insulin aspart has also been 
compared with human insulin in women with type 1 diabetes 
during pregnancy, and comparable fetal outcomes have been 
observed among both groups; however, limited information 
exists concerning glycemia in treated women (see Table 40-8).

The long-acting insulin analogues glargine and detemir have 
been designed to more accurately mimic basal insulin secretion. 
Observational data would suggest that use of insulin glargine is 
safe during pregnancy; it has a flat profile, compared with 
neutral protamine Hagedorn (NPH), so that when administered 
with rapid-acting insulin, unpredictable spikes in insulin levels 
and resultant hypoglycemia appear to be less common. However, 
the flat profile o f glargine may be undesirable during preg
nancy when variation in basal insulin needs are likely. For 
this reason, we frequently suggest that women who receive 
glargine change to a twice-daily regimen o f NPH insulin. A 
multicenter trial that compared insulin detemir with NPH 
insulin in 3 10  type 1 diabetic pregnant women demonstrated 
equivalent efficacy o f insulin detemir with respect to hypo
glycemic episodes and HbAlc levels. The U.S. Food and 
Drug Administration (FDA) has now designated insulin 
detemir as a class B medication. Our approach is to maintain 
patients on insulin detemir i f  their blood glucose is well 
controlled.

Insulin is generally administered in three to five injections. 
We prefer a four-injection regimen, although most patients 
present taking a combination of intermediate-acting (NPH) and 
short-acting (lispro or aspart) insulin before dinner and break
fast. As a general rule, the amount of intermediate-acting insulin 
w ill exceed the short-acting component by a 2 :1  ratio. Patients 
usually receive two thirds of their total dose with breakfast and 
the remaining third in the evening as a combined dose at dinner 
or split into components with short-acting or rapid-acting 
insulin at dinner and intermediate-acting insulin at bedtime in 
an effort to minimize periods of nocturnal hypoglycemia. These 
episodes frequently occur when the mother is in a relative fasting 
state, whereas placental and fetal glucose consumption continue. 
Finally, some women may require a small dose of short-acting 
insulin before lunch, thus constituting a four-injection regimen.

Open-loop CSII pump therapy is preferred by many women 
with type 1 diabetes during pregnancy. The pump is a battery- 
powered unit that may be worn like a beeper during most daily 
activities. These systems provide continuous short-acting insulin 
therapy through a subcutaneous infusion. The basal infusion rate 
and bolus doses to cover meals are determined by frequent self
monitoring of blood glucose.

Pregnant women may need to be hospitalized before initiation 
of pump therapy. Women must be educated regarding the strat- 
egy of continuous infusion and should have their glucose stabi
lized over several days. This requires that multiple blood glucose 
determinations be made for the prevention of periods of hyper
glycemia and hypoglycemia. Most recently, pump therapy has 
been linked with a CGM system to provide this information. 
Glucose values may become normalized with minimal ampli
tude of daily excursions in most patients.

Episodes of hypoglycemia are often reduced with pump 
therapy. W hen they do occur, they are usually secondary to 
errors in dose selection or failure to adhere to the required diet. 
The risk for nocturnal hypoglycemia, which is increased in the

pregnant state, necessitates that great care be undertaken in 
selecting patients for CSII. Patients using the pump who fail to 
exhibit normal counterregulatory responses to hypoglycemia 
should probably check their glucose values at 2:00 AM  to 3:00 
AM  to detect nocturnal hypoglycemia.

The mechanics of the CSII systems are relatively simple. A 
fine-gauge infusion cannula is attached by connecting tubing to 
the pump. This cannula is reimplanted every 2 to 3 days at a 
different site, usually in the anterior abdominal wall. Rapid- 
acting insulin (usually insulin lispro) is stored in the pump 
syringe. Infusion occurs at a basal rate, which can be fixed or 
altered for a specific time of day by a computer program. For 
example, the basal rate can be programmed for a lower dose at 
night. Preprandial boluses can be adjusted manually before each 
meal and snack. H alf of the total daily insulin is usually given 
as the basal rate with the remainder given as boluses infused 
before each meal. The largest bolus (30% to 35%) is adminis
tered with breakfast, followed by 25% before dinner and 15% 
to 20% before snacks.

Patients without any pancreatic reserve may have rapid eleva
tions of blood glucose if  the pump fails or if  intercurrent infec
tion is present. Since the advent of buffered insulin, insulin 
aggregation leading to occlusion of the Silastic infusion tubing 
is uncommon. Failure of the pump is associated with a steady 
rise in ketonemia in the nonpregnant patient.

It is unclear whether CSII is superior to multiple-injection 
regimens. Coustan and colleagues randomized 22 patients to 
intensive conventional therapy with multiple injections versus 
pump therapy. No differences were found between the two treat
ment groups with respect to outpatient mean glucose levels, 
glycosylated hemoglobin levels, or glycemic excursions. Gabbe 
and colleagues reported a large retrospective cohort study of 
women who began pump therapy during gestation compared 
with a group treated with multiple-injection regimens. Women 
using pumps, most with insulin lispro, had fewer hypoglycemic 
reactions and comparable glucose control and pregnancy out
comes. Notably, a systematic review that compared random
ized trials o f CSII versus multiple-injection regimens revealed 
no difference in measures o f glycemic control or pregnancy 
outcome.5

Diet therapy is critical to successful regulation o f maternal 
diabetes. A  program that consists o f three meals and several 
snacks is used for most patients. Dietary composition should 
be 40% to 60% complex high-fiber carbohydrates, 20% protein, 
and 30% to 40% fat with less than 10% saturated fats, up to 
10% polyunsaturated fatty acids, and the remainder derived 
from monosaturated sources. Caloric intake is established based 
on prepregnancy weight and weight gain during gestation. 
Weight reduction is not advised. Patients with a BMI of 22 
to 27 should consume about 35 kcal/kg ideal body weight. 
Obese women (BMI > 30) may be managed with an intake as 
low as 15 kcal/kg actual weight. Any further caloric restriction 
that results in ketonuria requires an increase in caloric consump
tion. In general, caloric distribution is as follows: 10% to 20% 
with breakfast, 20% to 30% with lunch, 30% to 40% percent 
with dinner, and up to 30% as snacks. Snacks may be necessary 
to minimize episodes of hypoglycemia, especially at bedtime
(Box 40-3).

The presence o f maternal vasculopathy should be thor
oughly assessed early in pregnancy by an ophthalmologist 
f a m i l i a r  with diabetic retinopathy. Ophthalmologic exami
nations are performed during each trimester and are repeated
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884 Section Vi Pregnancy and Coexisting Disease

BOX 40-3 DIETARY RECOMMENDATIONS

• Three meals, three snacks
• Diet: 30-35 kcal/kg norm al body w e igh t, 2000 to 

2400 kcal/day
• C om position: carbohydrate  40%-50% com plex, high 

fiber; pro te in  20%; fa t 30%-40% (<10% saturated)
• W e ight gain: per Institu te  o f M edicine guide lines

BOX 40-4 LESSONS LEARNED

• Rem em ber tha t the patient is m ore than her blood 
glucose.

• Do not underestim ate the pa tien t's  ins igh t; ask fo r  her 
inpu t in de te rm in ing  w hat changes to  make in order to 
im prove glucose contro l.

• Keep the insu lin  program  sim ple and make changes 
based on patterns.

• Enlist the support o f the pa tien t's  fam ily .
• A vo id  hypog lycem ic reactions.
• W ork closely w ith  the health care team , inc lud ing  the 

nurse educator, nu trition is t, and social worker.
• W hen glucose con tro l is poor, it is often the diet.
• W eekends are not ou r " fr ie n d s ," especia lly three- and 

fou r-day weekends; they change the patien t's  da ily  
routine, and glucose con tro l m ay worsen.

• W hen changing the insulin reg im en, try  to  change jus t 
one insu lin  and one dose at a tim e.

• Insulin analogues are valuable.
• Respond aggressively to  nausea, vom itin g , and fever.

From Gabbe SG, Carpenter LB, Garrison EA. New strategies for glucose 
control in patients w ith type 1 and type 2 diabetes m ellitus in pregnancy. 
Clin O bste t Gynecol. 2007;50:1014.

more often if retinopathy is detected. Baseline renal function 
is established by assaying a 24-hour urine collection for creati
nine clearance and protein. An ECG and urine culture are also 
obtained.

Most patients with type 1 and type 2 DM are followed with 
outpatient visits at 1- to 2-week intervals. At each visit, control 
is assessed and adjustments in insulin dosage are made; however, 
patients should be instructed to call at any time if  periods of 
hypoglycemia (<60 mg/dL) or hyperglycemia (>200 mg/dL) 
occur. Ketone testing is advised for persistent glucose levels that 
exceed 200 mg/dL. The increased risk for hypoglycemia in 
pregnant individuals may be related to defective glucose 
counterregulatory hormone mechanisms, and both epineph
rine and glucagon appear to be suppressed in pregnant dia
betic women during hypoglycemia. For these reasons, patients 
should test glucose levels frequently, and family members should 
be instructed on the technique of glucagon injection for the 
treatment of severe reactions. Box 40-4 provides some important 
lessons we have learned over the years in caring for our patients.

Ketoacidosis
W ith the implementation o f antenatal care programs that 
stress strict metabolic control o f blood glucose levels for 
women who require insulin, diabetic ketoacidosis (DKA) has 
fortunately become a less common occurrence. DKA has 
been reported to complicate between 0.5%  and 3.0%  o f dia
betic pregnancies.18 Kilvert and colleagues reported 11 cases of 
ketoacidosis in 635 insulin-treated pregnancies over a 20-year

period. One fetal loss and one spontaneous miscarriage compli
cated the affected pregnancies.

DKA can occur in the newly diagnosed diabetic patient, 
and the hormonal milieu o f pregnancy may become the back
ground for this phenomenon. Because pregnancy is a state 
o f insulin resistance marked by enhanced lipolysis and keto- 
genesis, DKA may develop in a pregnant woman with glucose 
levels that barely exceed 200 mg/dL (11.1 mmol/L). This 
phenomenon has been referred to as euglycemic ketoacidosis. 
DKA occurs in a background of impaired insulin action with 
an increase in counterregulatory hormones such as glucagon, 
cortisol, and catecholamines. Thus, because of the contrainsulin 
state of pregnancy with a predisposition to lipolysis, DKA may 
be diagnosed during pregnancy with minimal hyperglycemia 
accompanied by a fall in plasma bicarbonate (anion gap acido
sis), a pH value less than 7.30, and ketonemia.

Early recognition of signs and symptoms of DKA improves 
both maternal and fetal outcome. As in the nonpregnant state, 
clinical signs of volume depletion follow the symptoms of hyper
glycemia, which include polydipsia and polyuria. Malaise, head
ache, nausea, and vomiting are common complaints. A pregnant 
diabetic woman with poor fluid intake and persistent vomit
ing over 8 to 12 hours should be evaluated for potential 
DKA. A low serum bicarbonate level prompts an arterial blood 
gas determination to rule out this diagnosis. Occasionally, DKA 
presents in a woman with undiagnosed diabetes who receives 
p-mimetic agents such as terbutaline to arrest preterm labor.

Once the diagnosis of DKA is established and the patient 
is stabilized, she should be transported to a facility where ter
tiary care in both perinatology and neonatology is available. 
Therapy hinges on the meticulous correction of metabolic and 
fluid abnormalities. An attempt at treatment of any underly
ing cause for DKA, such as infection, should be initiated as 
well. The general management of DKA in pregnancy is out
lined in Box 40-5. Fluid resuscitation and insulin infusion 
should be maintained even in the face o f normoglycemia 
until bicarbonate levels return to normal, indicating that 
acidemia has cleared. DKA does represent a substantial risk for 
fetal compromise, and the combined effects o f maternal acido
sis, hyperglycemia-induced hyperinsulinemia, dehydration, and 
electrolyte abnormalities may result in stillbirth. Not surpris
ingly, fetal heart rate monitoring may reveal late decelerations 
(Fig. 40-17). Fortunately, successful fetal resuscitation often 
accompanies correction o f maternal acidosis. However, this 
process may take several hours. Therefore every effort should 
be made to correct and stabilize the mother’s condition before 
intervening and delivering a preterm infant.

ANTEPARTUM FETAL EVALUATION
Maternal diabetes can result in fetal hyperglycemia and hyper
insulinemia and can thereby increase the risk for fetal hypoxia. 
Thus protocols for antepartum fetal assessment in pregnancies 
complicated by DM have been incorporated into the care plan 
for outpatient monitoring. A program of fetal surveillance is 
initiated during the third trimester, when the risk for sudden 
intrauterine death increases (Tables 40-9 and 40-10). To date, 
no randomized trials of fetal monitoring have been done in 
pregnancies complicated by diabetes to provide clinical evi
dence, so decisions regarding the tim ing of initiation of testing, 
as well as the frequency, often follow local custom. Because 
improvement in maternal glucose control has played a major
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 885

BOX 40-5 MANAGEMENT OF DIABETIC KETOACIDOSIS 
DURING PREGNANCY

intravenous Fluids
Isotonic sod ium  ch loride  is used, w ith  to ta l rep lacem ent o f
4-6 L in the firs t 12 hr.

• Insert in travenous catheters: M ainta in  ho urly  f lo w  
sheet fo r  flu ids  and e lectro lytes, potassium , insulin , 
and labora tory  results.

• A dm in is te r norm al saline (0.9% NaCI) at 1-2 L/hr fo r 
the firs t hour.

• Infuse norm al saline at 250 to  500 m L/hr depending on 
hydra tion  state (8 hr). If serum  sod ium  is elevated, use 
ha lf-norm a l saline (0.45% NaCI).

• W hen plasm a or serum  glucose reaches 200 m g/dL, 
change to  5% dextrose w ith  0.45% NaCI at 
150-250 m L/hr.

• A fte r 8 hr, use ha lf-norm a l saline at 125 mL/hr.

Potassium
Establish adequate renal fun c tio n  (urine o u tpu t -5 0  mL/hr).

• If serum  potassium  is <3.3 mEq/L, hold insulin  and 
give 20-30 mEq K+/h r un til K+ is >3.3 mEq/L o r is being 
corrected.

• If serum  K+ is >3.3 mEq/L but <5.3 mEq/L, give 
20-30 mEq K+ in each lite r o f IV flu id  to  keep serum  
K+ between 4 and 5 mEq/L.

• If serum  K+ is >5.3 mEq/L, do not give K+ but check 
serum  K+ every 2 hr.

Insulin
Use regular insulin  in travenously.

• C onsider a loading dose o f 0.1-0.2 U/kg as an IV bolus 
depending on plasm a glucose.

• Begin con tinuous insu lin  in fus ion  at 0.1 U/kg/hr.
• If p lasm a or serum  glucose does no t fa ll by 50-70 m g/ 

dL in the firs t hour, doub le  the insu lin  in fus ion  every 
hour un til a steady glucose decline is achieved.

• W hen plasm a or serum  glucose reaches 200 m g/dL, 
reduce insu lin  in fus ion  to  0.05-0.1 U/kg/hr.

• Keep plasm a or serum  glucose between 100 and 
150 m g/dL un til reso lu tion  o f d iabetic ketoacidosis.

Bicarbonate
Assess need, and p rovide  based on pH.

• pH >7.0: No HCO3 is needed.
• pH is 6.9-7.0: D ilute NaHCO3 (50 m m ol) in 200 mL H2O 

w ith  10 mEq KCI and in fuse over 1 hr. Repeat NaHCO3 
adm in is tra tion  every 2 hr un til pH is 7.0. M on ito r 
serum  K+.

• pH <6.9-7.0: D ilute NaHCO3 (100 m m ol) in 400 mL H2O 
w ith  20 mEq KCI and in fuse fo r  2 hr. Repeat NaHCO3 
ad m in is tra tion  every 2 hr until pH is 7.0. M on ito r 
serum  K+.

role in reducing perinatal mortality in diabetic pregnancies, 
antepartum fetal monitoring tests are now used primarily to 
reassure the obstetrician and to avoid unnecessary premature 
intervention. These techniques have few false-negatives results, 
and in a woman with well-controlled diabetes and no vasculopa
thy or significant hypertension, reassuring antepartum testing 
allows the fetus to benefit from further maturation in utero. A 
subset of women who had diabetes prior to gestation will have 
falling insulin requirements in late pregnancy, which in limited 
cohort studies have not been associated with adverse outcomes. 
However, in a recent retrospective review of 139 pregnancies of

TABLE 40-9 A N T E P A R T U M  FETAL S U R V E ILLA N C E  
IN  LO W -R IS K  IN S U L IN -D E P E N D E N T  
DIA B ETES M E L L IT U S *

STUDY

Ultrasonography at 4- to 6-wk intervals 
M aternal assessment o f fetal activity, daily 

at 28 wk
N ST at 32 wk; BPP or C ST  if  N ST is 

nonreactive 
Amniocentesis for lung profile

INDICATED

Yes
Yes

Yes

Yes, if  elective delivery is 
planned before 39 wk

*Excellent control, no vasculopathy (classes B, C), no stillbirth.
BPP, biophysical profile; CST, contraction stress test; NST, nonstress test.

TABLE 40-10

STUDY

A N T E P A R T U M  FETA L S U R V E ILLA N C E  
IN  H IG H -R IS K  IN S U L IN -D E P E N D E N T
D IA B E TE S  M E L L IT U S *__________________

INDICATED

Ultrasonography at 4- to 6-wk intervals Yes
Maternal assessment of fetal activity daily at 28 wk Yes
NST; BPP or C ST  if  N ST is nonreactive Initiate at 28-30 wk
Consider amniocentesis for lung profile prior to 

38 wk

*Poor control (macrosomia, hydramnios), vasculopathy (classes D, F, R), prior stillbirth. 
BPP, biophysical profile; CST, contraction stress test; NST, nonstress test.

women with preexisting diabetes, 25% of women had greater 
than a 15% fall in insulin requirements, which was associated 
with an increased risk of preeclampsia and SGA infants.1’ Pro
spective studies are needed to confirm these findings in order to 
guide clinical management when insulin requirements decline 
in late pregnancy.

Maternal assessment of fetal activity serves as a simple screen
ing technique in a program of fetal surveillance. During the third 
trimester, women are instructed to perform daily fetal movement 
counts. Women with a variety of high-risk antepartum condi
tions, including diabetes, appear to have an increased incidence 
of alarming fetal activity patterns. Although the false-negative 
rate with maternal monitoring of fetal activity is low ("1% ), the 
false-positive rate may be as high as 60%. Although generally 
believed to be associated with decreased fetal movement, mater
nal hypoglycemia may actually stimulate fetal activity.

The nonstress test (NST) remains the preferred primary 
method to assess antepartum fetal well-being in the patient with 
DM. If the NST is nonreactive, a biophysical profile (BPP) or 
contraction stress test (CST) is then performed (see Fig. 40-15). 
We generally begin heart rate monitoring by 32 weeks’ gestation. 
Two studies have also demonstrated an increased fetal death rate 
within 1 week of a reactive NST in pregnancies complicated by 
IDDM compared with other high-risk gestations. If the NST is 
to be used as the primary method o f antepartum heart rate 
testing, we prefer that it be done at least twice weekly after 
the patient reaches 32 weeks’ gestation. In some centers, 
twice-weekly testing includes an NST followed several days 
later by a BPP. In patients with vascular disease, poor glucose 
control, or suspected FGR in whom the incidence o f abnor
mal tests and intrauterine deaths is greater, testing is often 
initiated between 28 and 32 weeks’ gestation.

Doppler umbilical artery velocimetry has been proposed as a 
clinical tool for antepartum fetal surveillance in pregnancies at 
risk for placental vascular disease (see Chapter 33). Because 
Doppler studies of the umbilical artery may be predictive of fetal
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886 Section VI Pregnancy and Coexisting Disease

C
FIG 40-17 Fetal heart rate monitoring during an acute episode of diabetic ketoacidosis. A , Recurrent late decelerations are observed. B, Following 
hydration and correction of acidosis, the tracing improves. C, Fetal tracing in a patient with acute diabetic ketoacidosis at 34 weeks' gestation 
demonstrating repetitive late decelerations (solid arrows) and minimal variability. An emergency cesarean delivery was performed. The arterial 
cord pH was 6.85. (From Sibai B. Diabetic ketoacidosis in pregnancy. Obstet Gynecol. 2014; 123:167.)

outcome in diabetic pregnancies complicated by vascular disease, 
we reserve the use of screening Doppler measurements for 
women with nephropathy or hypertensive disease. Elevated 
placental resistance, as evidenced by an increased systolic-to- 
diastolic ratio, is associated with FGR and preeclampsia in these 
high-risk patients. In contrast, patients with well-controlled dia
betes without vascular disease rarely demonstrate abnormal fetal 
umbilical artery waveforms.

I t  is im p o rta n t no t on ly  to  include the results o f  antepar
tu m  fetal testing b u t also to  weigh a ll o f  the clin ica l features 
tha t involve the m other and fetus before deciding to  in te r
vene fo r suspected fetal compromise, especially i f  th is deci
sion may result in  a preterm delivery (see Tables 40-9 and 
40-10). Our review of studies that comprised 993 diabetic 
women revealed that in 5% of cases, an abnormal test of fetal 
condition led to delivery. It appears that outpatient testing pro

tocols work well in diabetic patients who require insulin. Abnor
mal fetal testing is more common in women whose diabetes 
is poorly controlled and in those who have hypertension or 
significant vasculopathy that may be associated with FGR. It 
follows that these subgroups probably benefit most from a 
program of antepartum fetal surveillance.

Ultrasound can be a valuable tool in evaluating fetal growth, 
estimating fetal weight, and detecting hydramnios and malfor
mations. Maternal serum alpha-fetoprotein (MSAFP) determi
nation at 16 weeks’ gestation is often used in association with a 
detailed ultrasound study during the midtrimester in an attempt 
to detect NTDs and other anomalies (see Chapter 10). Levels 
of MSAFP, unconjugated estriol (uE3), and inhibin A in diabetic 
women are lower than those in the nondiabetic population. A 
lower threshold for the upper lim it of normal (ULN) for MSAFP,
1.5 multiples of the median (MoM), may thus be preferable in
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 887

pregnancies complicated by DM in order to help detect spina 
bifida and other major malformations that are increased in this 
population. A comprehensive ultrasound examination at 18 
to 20 weeks, as well as fetal echocardiography performed at 
20 to 22 weeks, is undertaken to diagnose fetal anomalies. 
Whereas the risk for defects, including cardiac anomalies, is 
increased with markedly elevated maternal HbAlc levels, the 
frequency in women with moderate control remains elevated 
compared with that o f nondiabetic pregnancies. Thus we 
prefer to utilize fetal echocardiography as a screening tool in 
all type 1 and type 2 diabetic pregnancies. Greene and Bena- 
cerraf performed detailed sonography in the midtrimester and 
detected 18 of 32 malformations in a series of 432 diabetic 
pregnancies. The specificity was in excess of 99%, and the nega
tive predictive value was 97%. Spina bifida was identified in all 
cases; however, ventricular septal defects, limb abnormalities, 
and facial clefts were missed. A review of the prenatal diagnosis 
experience in 289 women with IDDM in the Ohio State Uni
versity Diabetes in Pregnancy Program revealed 29 anomalies, 
of which 1 2  were cardiac, 14 were noncardiac, and 3 were com
bined. Twelve of 15 cardiac (80%) and 10 of 17 noncardiac 
lesions (59%) were identified prenatally. When considering 
cardiac defects alone, we could not identify a glycosylated hemo
globin cutoff for these anomalies. Starikov and colleagues60 iden
tified 30 fetal cardiac defects in a series of 535 diabetic women 
and noted the risk to be 8.3% in women with an H bA lc greater 
than 8.5%, compared with 3.9% in those below this cutoff.

Ultrasound examinations should be performed during the 
third trimester to assess fetal growth. The detection of fetal 
macrosomia, the leading risk factor for shoulder dystocia, is 
important in the selection of patients who are best delivered by 
cesarean section. An increased rate o f cephalopelvic dispro
portion and shoulder dystocia, accompanied by significant 
risk for traumatic birth injury and asphyxia, has been con
sistently associated with vaginal delivery o f large infants. 
The risk for such complications rises exponentially when 
birthweight exceeds 4 kg, and it is greater for the fetus of 
a diabetic mother when compared with a fetus with similar 
weight whose mother does not have diabetes (Fig. 40-18).61
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FIG 40-18 Frequency of shoulder dystocia for increasing birthweight by 
maternal diabetes status and method of vaginal delivery, spontaneous 
or assisted. (Modified from Nesbitt TS, Gilbert WM, Herrchen B. 
Shoulder dystocia and associated risk factors with macrosomic infants 
born in California. Am J Obstet Gynecol. 1998; 17:476.)

Sonographic measurements of the fetal abdominal circumfer
ence have proved most helpful in predicting fetal macrosomia. 
The abdomen is likely to be large because of increased subcu
taneous fat deposition. However, it is critical to recognize that 
a single ultrasound examination may have limited accuracy in 
predicting macrosomia at term in women with diabetes. Using 
serial sonographic examinations, accelerated abdominal growth 
may be identified between 28 and 32 weeks’ gestation in preg
nancies complicated by diabetes.62

TIMING AND MODE OF DELIVERY
Delivery should be delayed until fetal maturation has taken 
place, provided diabetes is well controlled and antepartum 
surveillance remains normal. The ACOG suggests delivery be 
delayed until 3 9  weeks in women without vascular disease whose 
diabetes is well controlled. In our practice, induction of labor is 
often planned at 39 to 40 weeks’ gestation in such patients. For 
diabetic women with vascular disease, it has been suggested that 
delivery may be undertaken at 37 to 39 weeks. Women with 
vascular disease are delivered prior to 37 weeks only if hyperten
sion worsens, if  significant FGR is present, or if  biophysical 
testing mandates early delivery. Depending on clinical circum
stances, antenatal corticosteroids may be administered to accel
erate fetal lung maturity. This must be done with caution because 
significant maternal hyperglycemia may be observed for several 
days after antenatal corticosteriods are given. In women with 
poor glycemic control, an individualized approach to the timing 
of delivery is recommended. Options may include late preterm 
or early term delivery or amniocentesis to assess lung maturity 
prior to delivery. Tests o f fetal lung maturity appear to have 
the same predictive value in diabetic pregnancies as in the 
normal population.

The presence of the acidic phospholipid phosphatidylglycerol 
(PG) is the final marker of fetal pulmonary maturation. Several 
authors have suggested that fetal hyperinsulinemia may be asso
ciated with delayed appearance of PG and an increased incidence 
of RDS. Landon and coworkers have correlated the appearance 
of PG in amniotic fluid with maternal glycemic control during 
gestation. RDS may occur in the IDM with a mature lecithin- 
to-sphingomyelin (L/S) ratio or fetal lung maturity index but 
absent PG. Moore63 compared PG production in amniotic fluid 
specimens from 295 diabetic women and 590 matched controls 
and reported that the onset of PG production was delayed in 
GDM from 35.9 ± 1.1 weeks to 37.3 ± 1 weeks and to 38.7 ± 
0.9 weeks in pregestational diabetic pregnancies. In this study, 
delayed appearance of PG was not associated with the level of 
glycemic control. In addition, the lamellar body count may be 
used to assess amniotic fluid for lung maturity; cut-off values in 
diabetic patients are similar to those in the nondiabetic popula
tion (see Chapter 11).

When antepartum testing suggests fetal compromise, 
delivery must be considered. If amniotic fluid analysis yields 
a test result that indicates lung maturity, delivery should be 
accomplished promptly. In the presence o f presumed lung 
immaturity, the decision to proceed with delivery should be 
based on confirmation o f deteriorating fetal condition by 
several tests that show abnormal values. For example, if  the 
NST and the BPP indicate fetal compromise, delivery is indi
cated. Finally, several maternal indications exist for delivery that 
include significant preeclampsia, worsening renal function, and 
deteriorating vision secondary to proliferative retinopathy.

Assisted, with diabetes 
Unassisted, with diabetes 
Assisted, no diabetes 
Unassisted, no diabetes

3500- 3751- 4001- 4251- 4501- 4751-
3750 4000 4250 4500 4750 5000
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Choosing the route o f delivery for the diabetic patient 
remains controversial. Cesarean delivery rates as high as 50%  
are common in series o f pregestational diabetic women. This 
figure is likely to represent the practice trends of most obstetri
cians and perinatologists in the United States. A trial of labor 
following previous cesarean delivery may be undertaken in select 
cases and has a reported success rate of 64%.

The increased rate o f shoulder dystocia and brachial plexus 
injury in the offspring o f diabetic women has prompted 
adoption o f early induction strategies, as well as selection o f 
patients for cesarean delivery, based on ultrasound estima
tion o f fetal size. Such approaches are limited by the relative 
inaccuracy o f ultrasound prediction o f birthweight. Despite 
the limitations, Kjos and colleagues demonstrated that induc
tion at 38 weeks in a population of women with GDM was 
associated with a lower frequency of LGA infants and shoulder 
dystocia without an increased rate of cesarean delivery. This is 
in contrast to studies of induction in nondiabetic women, in 
which suspected macrosomia is apparently associated with an 
increased rate of cesarean delivery. In a decision tree analysis of 
cost-effectiveness, Rouse and colleagues found that whereas elec
tive cesarean delivery for macrosomia to prevent permanent 
brachial plexus injury was prohibitively expensive in the nondia
betic woman, at a cost of several million dollars per permanent 
brachial plexus injury prevented, 489 cesarean deliveries— at a 
cost per avoided birth injury of $880,000 per case— for those 
diabetic pregnancies with an estimated fetal size greater than 
4000 g seemed to be at least tenable.

The overall risk for shoulder dystocia in the macrosomic fetus 
of an IDM is greater than in large infants of normal preg
nancy. The risk for shoulder dystocia with a fetal weight greater 
than 4000 g in diabetic gravidae is about 30%. Somewhat less 
impressive yet significantly greater frequencies of shoulder dys
tocia for delivery of a macrosomic fetus of IDMs, compared 
with non-IDMs, have been reported by Nesbitt and colleagues 
(see Fig. 40-18).61 At present, the ACOG recommends consid
eration of cesarean delivery in diabetic women when estimated 
fetal weight exceeds 4500 g. Our approach continues to be to 
consider cesarean delivery when the estimated weight is 4000 
to 4500 g after evaluating obstetric history and clinical pel
vimetry. Despite attempts to select patients with obvious fetal 
macrosomia for elective cesarean delivery, arrest of dilation or 
descent despite adequate labor should alert the physician to 
the possibility of cephalopelvic disproportion. Approximately 
25% of deliveries of macrosomic infants (>4000 g) following 
a prolonged second stage are complicated by shoulder dystocia; 
therefore it follows that cesarean delivery should be considered 
in a diabetic woman who demonstrates significant protracted 
labor or failure of descent.

GLUCOREGULATION DURING LABOR 
AND DELIVERY
Because neonatal hypoglycemia is in part related to mater
nal glucose levels during labor, it is important to maintain 
maternal plasma glucose levels within the physiologic normal 
range. The patient is given nothing by mouth after midnight of 
the evening before induction or elective cesarean delivery. The 
usual bedtime dose of insulin is administered, or for women 
receiving pump therapy, the infusion is continued overnight. 
Upon arrival to labor and delivery, early in the morning, 
the patient’s capillary glucose level is assessed with a bedside

BOX 40-6 INSULIN MANAGEMENT DURING LABOR 
AND DELIVERY

• U sua l dose  o f  in te rm e d ia te -a c tin g  in s u lin  is g ive n  at 
b e d tim e .

• M o rn in g  dose  o f in s u lin  is w ith h e ld .
• In tra v e n o u s  in fu s io n  o f n o rm a l sa lin e  is b egun .
• O nce a c tive  la b o r b e g in s  o r  g lu c o s e  le ve ls  fa ll to  

<70 m g /d L , th e  in fu s io n  is c h a n g e d  fro m  sa lin e  to  5% 
d e x tro s e  and  is d e liv e re d  a t a ra te  o f  2.5 m g /k g /m in .

• G lucose  le ve ls  are  checked  h o u r ly  u s in g  a p o rta b le  
re fle c ta n ce  m e te r  a llo w in g  fo r  a d ju s tm e n t in th e  in fu s io n  
rate.

• R e g u la r (s h o rt-a c tin g ) in s u lin  is a d m in is te re d  by  
in tra v e n o u s  in fu s io n  if g lu co se  le ve ls  exceed  140 m g/dL.

From Jovanovic L, Peterson CM. Management of the pregnant, insulin- 
dependent diabetic woman. D iabetes Care. 1980;3:63.

reflectance meter. In women who use continuous insulin infu
sion pumps, this therapy may be used during the latent phase of 
labor or early in the induction process. Basal infusion rates are 
generally reduced, and boluses may be given based on carbohy
drate consumption and to correct hyperglycemia. Once active 
labor begins, IV infusion of both insulin and glucose is then 
begun based on maternal glucose levels (Box 40-6). Also, 10 U 
of short-acting insulin may be added to 1000 mL of solution 
containing 5% dextrose. An infusion rate of 100 to 125 mL/ 
hr (1 U/hr) will result in good glucose control in most cases. 
Insulin may also be infused from a syringe pump at a dose of
0.25 to 2 U/hr and adjusted to maintain normal glucose values. 
Glucose levels are recorded hourly during the active phase of 
labor, and the infusion rate is adjusted accordingly. Patients with 
well-controlled diabetes are often euglycemic once active labor 
begins and then require increased glucose infusion at a rate of
2.5 mg/kg/min, which mimics strenuous exercise requirements. 
During the second stage of labor, in response to hyperglycemia 
associated with increased catecholamine secretion, it may be 
necessary to increase the insulin infusion.

W hen cesarean delivery is to be performed, it should be 
scheduled for early morning. This simplifies intrapartum glucose 
control and allows the neonatal team to prepare for the care of 
the newborn. The patient is given nothing by mouth, and her 
usual morning insulin dose is withheld. If her surgery is not 
performed early in the day, one third to one half of the patient’s 
intermediate-acting dose of insulin may be administered. 
Regional anesthesia allows detection of maternal hypoglycemia. 
Following surgery, glucose levels are monitored every 2 hours, 
and an IV solution of 5% dextrose is administered.

Postpartum insulin requirements are usually significantly 
lower than during pregnancy. The antepartum objective of tight 
glucose control is relaxed for the first 24 to 48 hours after deliv
ery. Patients delivered vaginally who are able to eat a regular diet 
are given one third to one half of their end-of-pregnancy dose 
of NPH insulin and rapid-acting insulin the morning of the first 
postpartum day. M any patients with type 2 diabetes will not 
require insulin for 24 to 48 hours postpartum, and these women 
can be managed with insulin or oral agents as preferred; frequent 
glucose determinations are used to guide insulin dosage. Most 
patients are stabilized on this regimen within a few days after 
delivery.
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 889

Whether they receive insulin or oral agents, women with 
diabetes are encouraged to breastfeed. The additional 500 kcal 
required daily are given as approximately 1 0 0  g of carbohydrate 
and 20 g of protein. The insulin dose may be somewhat 
lower in lactating diabetic women. Hypoglycemia appears to be 
common in the first week after delivery and immediately after 
nursing.

MANAGEMENT OF THE WOMAN 
WITH GESTATIONAL DIABETES 
Is There a Benefit to the Treatment 
of Gestational Diabetes Mellitus?
The frequency o f GDM has increased worldwide, and up to 
14% o f pregnancies are affected.04 W ith both an increased 
incidence and the proposed lowering of the threshold for diag
nosis, the health care costs of GDM can be expected to rise 
proportionately. It follows that whether a benefit exists to the 
treatment of GDM has assumed even greater importance now 
than in the past.

The 2013 guidelines of the U.S. Preventive Services Task 
Force (USPSTF) 45 acknowledged a treatment benefit for GDM 
for the first time. Their systematic review and meta-analysis 
concluded that treatment of GDM results in less preeclampsia, 
shoulder dystocia, and macrosomia.

Randomized Treatment Trials for Gestational 
Diabetes Mellitus
Two important RCTs conducted over the last decade have pro
vided high-level evidence that treatment of GDM confers both 
maternal and perinatal benefits. The Australian Carbohydrate 
Intolerance Study in Pregnant Women (ACHOIS) was a multi
center, 1 0 -year randomized treatment trial of 1 0 0 0  women con
ducted at 14 sites in Australia.65

Treatment was associated with a significant reduction in the 
rate of the primary outcome, a composite of serious perinatal 
complications (perinatal death, shoulder dystocia, birth trauma 
that included fracture or nerve palsy; adjusted RR, 0.33; 95% 
CI, 0.14 to 0.75). Overall, seven infants in the treatment group 
had a serious complication (all shoulder dystocia) compared 
with 23 infants in the untreated group, of whom five experi
enced perinatal death, four had birth trauma, and 16 had shoul
der dystocia.

Among secondary neonatal outcomes, no significant differ
ences were found in the rates of neonatal hypoglycemia that 
required IV therapy, jaundice that required phototherapy, 
or respiratory disease that required supplemental oxygen. Neo
natal intensive care unit (NICU) admissions were remarkably 
high in both groups: 71% in treated versus 61% in untreated 
patients [P = .01). Importantly, treatment did reduce the fre
quency of LGA infants from 22% to 13% and birthweight 
greater than 4000 g from 21% to 10%. Among maternal out
comes, preeclampsia was significantly reduced with treatment 
( 1 2 % vs. 18%).

The ACHOIS study was followed by the NICHD M FM U 
Network RCT of 958 cases of mild GDM .66 In this study, mild 
GDM was defined as a fasting glucose less than 95 mg/dL with 
two of the three postglucose values exceeding established 
thresholds.

These investigators found no significant difference in the fre
quency of the primary composite perinatal outcome— perinatal 
death, neonatal hypoglycemia, elevated cord C-peptide level, or

TABLE 40-11 RESULTS OF RANDOMIZED
CONTROLLED TRIALS FOR TREATMENT 
OF GESTATIONAL DIABETES MELLITUS

Preeclampsia 
Weight gain 
LGA infant 
Neonatal fat mass 
Shoulder dystocia

LANDON 
ET AL66 (2009)

4 
i
4-
I
4

CROWTHER 
ET AL66 (2005)

i
i
I

Not studied

LGA, large for gestational age.

birth trauma— in the treatment group (32.4%) compared with 
the usual care group (37%; P — .14). Several key differences in 
secondary outcomes, however, were observed with treatment, 
including a lower frequency of LGA infants with birthweight 
exceeding 4000 g and decreased neonatal fat mass.

Among maternal outcomes, rates of labor induction were 
similar between groups; however, cesarean delivery was per
formed less often in treated women (26.9% vs. 33.8). This rate 
remained lower after excluding cases of abnormal presentation, 
prior cesarean delivery, placenta previa, and oligohydramnios 
(13% vs. 19.7%; P  = .011). A lower rate of shoulder dystocia 
(1.5% vs. 4%) and preeclampsia or gestational hypertension 
(8 .6 % vs. 13.6%) was also found in the treatment group.

In summary, the NICHD MFMU trial demonstrated that 
although treatment o f mild GDM did not reduce the fre
quency o f several neonatal morbidities characteristic o f dia
betic pregnancy, it did lower the risk for fetal overgrowth, 
neonatal fat mass, shoulder dystocia, cesarean delivery, and 
hypertensive disorders o f pregnancy.66 These findings, along 
with those reported in the ACHOIS study, have confirmed a 
benefit to treatment o f even mild carbohydrate intolerance 
o f pregnancy (Table 40-11).

Treatment of the Woman with Gestational 
Diabetes Mellitus
The mainstay o f treatment o f GDM remains nutritional 
counseling and dietary intervention. The optimal diet should 
provide caloric and nutrient needs to sustain pregnancy 
without resulting in significant postprandial hyperglycemia.
Women with GDM generally do not need hospitalization for 
dietary instruction and management. Once the diagnosis is 
established, women are begun on a dietary program of 2 0 0 0  to 
2500 kcal daily. This represents approximately 35 kcal/kg of 
present pregnancy weight. For women who are overweight and 
obese, a reduction in caloric intake to 25 kcal/kg/day and 
15 kcal/kg/day (present pregnancy weight), respectively, may be 
advised. Jovanovic-Peterson and Peterson have noted that the 
usually prescribed diet composed of 50% to 60% carbohydrate 
will cause excessive weight gain and postprandial hyperglycemia 
and will require insulin therapy in 50% of patients. For this 
reason, these authors have suggested lim iting carbohydrates to 
33% to 40% of calories. Barbour67 has noted that with carbo
hydrate restriction, many women will substitute fat and thereby 
potentially transfer excess FFAs, which are associated with fetal 
fat accretion.

Complex carbohydrates are preferred to simple carbohydrates 
because they are less likely to produce significant postprandial 
hyperglycemia. A randomized crossover study found that liberal
izing complex carbohydrate intake in GDM women resulted in
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890 Section VI Pregnancy and Coexisting Disease

achievement of glycemia below current targets and also lowered 
postprandial FFA concentrations.68 In spite of the widespread 
prevalence of GDM, Hernandez and colleagues69 have noted 
that only six RCTs of 250 women have provided the evidence 
that a diet higher in complex carbohydrate and lower in simple 
sugar and saturated fat may be effective in blunting postprandial 
hyperglycemia and thereby preventing worsened insulin resis
tance and promoting excess fetal growth. Clearly, additional 
clinical trials are needed to help define the optimal diet for 
women with GDM. In light of the 2009 Institute of Medicine 
(IOM) recommendations concerning weight gain during preg
nancy, the question arises as to their applicability to women with 
GDM. These guidelines did not specify recommendations for 
women with diabetes, yet limited weight gain may be advisable 
in obese diabetic women. The IOM recommends a weight gain 
of 11 to 20 lb for obese women (BMI 30 or greater). A specified 
carbohydrate-limited diet in obese women with GDM both 
improves glycemic control and reduces weight gain. An inde
pendent effect of maternal obesity, weight gain, and diabetes on 
birthweight is also apparent.

Once the patient with GDM is placed on an appropriate 
diet, surveillance o f blood glucose levels is necessary to be 
certain that glycemic control has been established. We prefer 
to have patients perform daily self-monitoring of blood glucose 
that consists of a fasting glucose level and three postprandial 
determinations. We provide women with GDM with a reflec
tance meter and carefully review values following the initial week 
of diet intervention. In women with good control on diet 
therapy alone, the frequency of testing can be reduced and 
tailored accordingly. We do not use CGM in women with 
GDM, although reports exist of improved glycemic control 
and pregnancy outcomes in women with GDM utilizing this 
technology.70

Glycemic target thresholds of fasting glucose less than 
95 mg/dL, 1-hour postprandial glucose less than 140 mg/dL, 
and 2-hour postprandial glucose less than 120 mg/dL have been 
suggested by the Fifth International Workshop Conference on 
GDM. If a patient repetitively exceeds established thresholds, 
pharmacologic therapy is recommended. In our experience, if  
the majority of values at a particular time point are elevated, 
pharmacologic therapy should be initiated. Approximately 25% 
to 50% of women with GDM require insulin or oral agents. 
Some cases are managed with a single dose of bedtime NPH 
insulin to treat isolated fasting hyperglycemia, whereas others 
require treatment of postprandial hyperglycemia with insulin 
lispro or aspart at appropriate mealtimes. Up to four injections 
daily may be necessary to achieve adequate control. Whereas 
some have recommended calculating starting insulin dosage 
based on body weight, we have typically prescribed 15 to 20 U 
of NPH insulin in the morning and at bedtime (if fasting 
glucose is elevated) along with 5 to 10 U of rapid-acting insulin 
to cover specific mealtime elevations. Continued monitoring of 
glucose levels with feedback allows the practitioner to make 
frequent adjustments in the insulin regimen. It is important to 
recognize that use of the previously mentioned cutoffs for initiat
ing insulin are based on data regarding increased perinatal mor
bidity when such values are exceeded in women with preexisting 
diabetes. Data have yet to be gathered from controlled trials to 
identify ideal glycemic targets for prevention of fetal morbidity 
associated with GDM.

An observational study conducted by Langer and colleagues 
found that women with a fasting glucose between 96 and

105 mg/dL have a greater incidence of LGA infants (28.6%) 
when receiving diet therapy alone compared with those receiving 
both diet therapy and insulin. In women with an initial fasting 
glucose between 95 and 104 mg/dL, 70% required insulin 
therapy to achieve optimal control.

During the past 15 years, oral hypoglycemic therapy has 
become a suitable alternative to insulin treatment in women 
with GDM. At present, glyburide is the most commonly pre
scribed medication in the United States for the treatment of 
GDM . ' 1 Nicholson and colleagues : performed a systematic 
review o f the evidence from randomized trials and observa
tional studies and concluded that glycemia was equivalent in 
women who received oral hypoglycemic agents compared 
with those who received insulin. Moreover, no evidence sug
gested increased adverse neonatal outcomes with the use of oral 
hypoglycemic agents. ACOG recognizes that either insulin or 
oral agents may be appropriate first-line therapy for GDM. At 
present, data are insufficient to recommend treatment with any 
oral agent other than glyburide or metformin. In a landmark 
study, Langer and colleagues73 reported results from a random
ized trial of 404 women who received insulin versus glyburide 
and noted similar improvement in glycemia with both regimens. 
The frequency of macrosomia and neonatal hypoglycemia was 
similar in the two study groups. Only 4% of women failed 
glyburide therapy and required a change to insulin. Cord blood 
analysis revealed no detectable glyburide in exposed pregnancies. 
Subsequently, Hebert and colleagues reported that glyburide 
appears to cross the placenta in significant amounts; this obser
vation has raised concerns regarding the safety of this agent. 
Importantly, clinical studies have revealed increased rates of 
neonatal hypoglycemia with glyburide use in GDM. It is, 
however, unknown whether glyburide can affect progression to 
type 2  diabetes in treated women or whether glucose homeosta
sis is altered later in life in their offspring.

Following Langer’s randomized trial, several smaller studies 
reported success in achieving good glycemic control with glybu
ride but with slightly higher failure rates (15% to 20%). Jacob
son and colleagues recently reported on the implementation of 
glyburide as an alternative to insulin in a large managed-care 
organization. These authors noted a similar frequency of LGA 
infants and macrosomia among 268 women treated with insulin 
compared with 236 who received glyburide. In this nonrandom
ized study, more women in the glyburide group achieved lower 
mean fasting and postprandial glucose levels compared with 
insulin-treated subjects. Importantly, the authors noted an 
increased rate of preeclampsia, need for neonatal phototherapy, 
and birth injury in the glyburide group, all of which point to 
the need for further study concerning safety.

Lain and colleagues performed a randomized trial of 99 
women with GDM that compared glyburide with insulin treat
ment. These authors reported no increase in neonatal fat mass, 
BMI, ponderal index, or anthropometric measures in glyburide- 
treated offspring, although a significantly greater rate of infant 
birthweights higher than 4000 g was observed in the glyburide- 
treated group (22% vs. 2.4% ). Similar to insulin therapy, 
glyburide action must be carefully balanced with meals and 
snacks to prevent maternal hyperglycemia. Observational data 
suggest that glyburide may be less successful in obese women 
and in those with marked hyperglycemia discovered early in 
gestation. In our experience, most women with fasting glucose 
levels of 115 mg/dL or higher will fail to achieve adequate 
glucose control with glyburide and will require insulin therapy
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BOX 40-7 SUMMARY OF GLYBURIDE VERSUS INSULIN 
TREATMENT IN GESTATIONAL DIABETES MELLITUS
• M aternal fasting and postprandial g lycem ia com parable  

to th at w ith  insulin treatm ent
• G lyburide fa ilure  rate of 15% -20%
• G lyburide failures associated w ith  earlier diagnosis of 

gestational d iabetes and fasting glucose levels >110- 
115 m g/dL

• C om parable  neonatal outcom es
• S ignificant cost savings

(Box 40-7). The usual dose of glyburide is 2.5 to 20 mg daily 
in divided doses, usually before breakfast and dinner, although 
pharmacokinetic studies during pregnancy indicate that a daily 
dose as great as 30 mg may be necessary to achieve adequate 
control. Caritis and Hebert have suggested that glyburide is 
optimally administered 30 to 60 minutes prior to a meal.

Metformin has also been used for treatment o f GDM. 
Although metformin clearly crosses the placenta, it does not 
appear to be teratogenic. Rowan and colleagues7** randomized 
761 women with GDM at 20 to 33 weeks to metformin and 
insulin as needed versus insulin therapy alone. No differences in 
perinatal outcomes were reported, and a composite of perinatal 
morbidity— neonatal hypoglycemia, respiratory distress, birth 
trauma, prematurity, and need for phototherapy in the infant— 
was observed in about one third of women in each group. 
Metformin use was well tolerated, and treated women gained 
less weight than those who received insulin; however, 46% of 
these women required supplemental insulin to achieve glycemic 
control. A 2-year follow-up study of the offspring from this trial 
reported no significant difference in total body fat or central 
adiposity between infants of metformin-treated mothers versus 
those of insulin-treated mothers; however, an increase in subcu
taneous adiposity was reported. Carlsen and colleagues 5 reported 
that in offspring of women who were continued on with met
formin treatment for polycystic ovary syndrome, no difference 
was reported at birth in infant weight or length; however, at 1 

year of age, the offspring of the women who used metformin in 
pregnancy were heavier than in the placebo group ( 1 0 . 2  + 1 . 2  

vs. 9.7 ± 1.1 kg, P — .003). Further follow-up of these children 
is necessary to determine the significance of this finding. Another, 
smaller follow-up study76 at 18 months of children exposed to 
metformin in utero found these offspring to be taller and heavier 
than insulin-exposed children. Body composition did not differ 
between the two groups.

It appears that glyburide may be superior to metformin in 
achieving satisfactory glucose control in women with GDM. 
A randomized trial77 of 149 women compared metformin with 
glyburide for the treatment of GDM and found that 35% of 
women randomized to metformin, compared with 16% who 
received glyburide, required insulin to achieve adequate control.

Exercise may serve as a useful adjunctive treatment for women 
with GDM. Physical exercise may improve glycemic control 
because increased insulin sensitivity accompanies cardiovascular 
conditioning. A randomized study of 41 women with GDM 
who manifested elevated fasting glucose levels and would 
normally require insulin therapy utilized a supervised bicycle 
ergometry training program. No statistical differences were 
observed in weekly blood glucose determinations between the 
study groups. Another study that used arm ergometry three

times per week resulted in a significant reduction in mean fasting 
glucose in the exercise group as well as a reduction in glucose 
concentration following a 1-hour, 50-g challenge. Because 
the total number of women with GDM studied in randomized 
trials is limited, the role of exercise as a primary therapy in 
GDM remains unknown. Nonetheless, a program of moderate 
exercise has been advocated by the ADA as part of the treatment 
of GDM.

Women with GDM that is well controlled are at low risk 
for an IUFD. For this reason, we do not routinely institute 
antepartum fetal heart rate testing in uncomplicated diet- 
controlled GDM. Women with a hypertensive disorder, a 
history o f a prior stillbirth, or suspected macrosomia do 
undergo fetal testing.78 Additionally, those who require insulin 
or oral agents for treatment of GDM undergo twice-weekly 
heart rate testing at 32 weeks’ gestation. Using such a protocol 
at the Ohio State University Hospital Diabetes in Pregnancy 
Program, we observed only six intrauterine deaths in more than 
3500 women with uncomplicated GDM in the past 25 years. 
Thus it appears that the third-trimester stillbirth rate in these 
patients is no higher than that of the general obstetric popula
tion. A study of 389 women with GDM documented an 
antepartum stillbirth rate of 7.7 per 10,000, which was not 
significantly different from the rate of 4.8 per 1 0 0 0  observed in 
nondiabetic low-risk patients. In this study, because only 7% of 
fetuses were delivered on the basis of a low BPP score, the benefit 
of testing all GDM pregnancies remains in question. At present, 
without prospective studies to compare outcomes in monitored 
and unmonitored women with GDM without other risk factors, 
it is not possible to determine whether any benefits exist to 
antepartum fetal surveillance in this population.

Because many obstetricians have extrapolated the increased 
risk for stillbirth in women with type 1 or type 2  diabetes to 
those with GDM, a remarkable number of GDM pregnancies 
are subject to scheduled delivery at term. At present, the ACOG 
suggests that if  GDM is well controlled on diet or medication, 
delivery should not be undertaken prior to 39 weeks’ gestation. 
If glycemic control is suboptimum, ACOG recommends that 
the decision to schedule late-preterm or early-term birth in such 
cases should be individualized. As with antepartum fetal testing, 
in the otherwise uncomplicated group, should scheduled induc
tion be the standard approach for these pregnancies complicated 
by GDM? Available observational and retrospective data do not 
permit an evidence-based recommendation. Rosenstein and col
leagues78 have recommended that women with class A2 GDM 
routinely undergo induction at 39 weeks based on a large retro
spective cohort that indicated that infant mortality at 39 weeks 
(8 .7 /1 0 0 0 ) was statistically lower than the risk of stillbirth plus 
infant mortality with expectant management over an additional 
week (15.2/1000). A secondary analysis79 of the M FM U trial of 
treatment of mild GDM revealed that induction of labor prior 
to 40 weeks’ gestation does not increase the rate of cesarean 
delivery.

Kjos and colleagues conducted a prospective randomized 
trial of active induction of labor at 38 weeks’ gestation versus 
expectant management in a series that included 187 women 
with GDM who required insulin. The cesarean delivery rate 
was not significantly different in the expectant-management 
group (31%) compared with the active-induction group (25%); 
however, an increased prevalence of LGA infants (23% vs. 10%) 
was observed in the expectant-management group. Moreover, 
the frequency of shoulder dystocia was 3% in this group, with
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TABLE 40-12 DIAGNOSTIC CRITERIA FOR DIABETES MELLITUS, IMPAIRED FASTING GLUCOSE, AND IMPAIRED 
GLUCOSE TOLERANCE

TEST

Fasting plasma glucose 
75-g 2-hr oral glucose 

tolerance test

DIABETES

Fasting plasma glucose >126 mg/dL 
Fasting plasma glucose >126 mg/dL 
o r
2-hr plasma glucose >200 mg/dL

IM PAIRED FASTING GLUCOSE

Fasting plasma glucose 100-125 mg/dL 
Fasting plasma glucose 100-125 mg/dL

IM PAIR ED  GLUCOSE TOLERANCE

Not applicable
2-hr plasma glucose 140-199 mg/dL

Refer for 
diabetes 

management

Diabetes
mellitus

Consider referral for management 
Weight loss and physical activity 

counseling as needed 
Consider metformin if combined 

impaired fasting glucose and IGT 
Medical nutrition therapy 

Yearly assessment of glycemic status

Impaired fasting 
glucose or IGT or both

FPG or 75-g 2 hr OGTT 
at 6-12 weeks postpartum

Gestational diabetes

Normal

Assess glycemic status 
every 3 years 

Weight loss and physical 
activity counseling 

as needed

FIG 40-19 Management of postpartum glucose screening results. FPG, fasting plasma glucose; IGT, impaired glucose tolerance; OGTT, oral 
glucose tolerance test. (Modified from American College of Obstetricians and Gynecologists Committee Opinion No. 435, June 2009.)

no cases reported in those undergoing induction at 38 weeks’ 
gestation. These data led the authors to conclude that scheduled 
elective induction should be considered in insulin-requiring 
patients with GDM because it does not increase the risk for 
cesarean delivery and it lowers the risk for shoulder dystocia. In 
women managed expectantly, monitoring of fetal growth should 
be considered because of an apparent increasing risk for macro
somia with advancing gestational age. As with women with 
preexisting diabetes, scheduled cesarean delivery to prevent birth 
trauma is offered to women with suspected macrosomia or a 
history of prior shoulder dystocia. A range of 58 to 588 cesarean 
deliveries with an estimated fetal weight of 4500 g and 148 to 
962 cesarean deliveries with an estimated fetal weight of 4000 g 
have been suggested as needed to prevent a single case of per
manent brachial plexus injury .80 We use the same estimated 
weight cutoffs in considering the mode of delivery in pregnan
cies complicated by GDM as previously discussed with regard 
to pregnancies complicated by preexisting diabetes.

P O S T P A R T U M  F O L L O W -U P  O F W O M E N  
W ITH  G E S T A T IO N A L  D IA B E T E S  M E L L IT U S
Women with GDM have a sevenfold increased risk for devel
oping type 2 diabetes compared with women who do not 
have diabetes during pregnancy.81 Follow-up studies for up to 
28 years of O ’Sullivan’s original cohort of women indicated a 
prevalence of diabetes in 50% to 60% of women with previous 
GDM. A follow-up study of up to 10 years in 11,270 women 
with GDM compared with 174,146 women without GDM 
revealed a 15.7% frequency of diabetes in patients with a history

of GDM compared with 1% in the non-GDM population .82 

Findings of abnormal carbohydrate intolerance may manifest 
early in the postpartum period depending on the population 
studied and its risk factors. As many as one third of women with 
GDM will have overt diabetes, impaired fasting glucose, or IGT 
identified during postpartum testing conducted within 6  to 1 2  

weeks of delivery (Table 40-12). Thus both the ADA and the 
ACOG (Fig. 40-19) recommend postpartum glucose testing 
following a diagnosis of GDM. Nevertheless, the prevalence of 
postpartum glucose screening with either a fasting plasma 
glucose or a 2-hour oral GTT has ranged from only 23% to 
58% in seven reported studies.82 Most recently, a retrospective 
cohort study of 2016 GDM women in the United Kingdom 
found that only 18.5% underwent follow-up screening at 6 

months and that annual screening remained constant at approxi
mately 20%. A report of 11,825 women with GDM from a large 
health maintenance organization indicated that postpartum 
testing was performed in only 50% (n = 5939) of eligible 
women. In this series, of 5857 women with test results, 16.3% 
(n = 956) had impaired fasting glucose or IGT, whereas 1.1% 
(;n = 6 6 ) were found to have overt diabetes. After adjustment for 
demographic and clinical factors, abnormal postpartum test 
results were associated with having required insulin or oral 
agents during pregnancy and with a longer period from delivery 
to postpartum testing.

Some debate surrounds whether postpartum glucose testing 
can be limited to fasting glucose versus a 75-g 2-hour oral GTT. 
Whereas some have reported sufficiently high sensitivity using 
a fasting glucose alone (cutoff of 6  mmol/L or 108 mg/dL) to 
detect diabetes in women with prior GDM, more recent reports
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indicate the need for a complete 75-g 2-hour oral GTT to 
achieve satisfactory sensitivity. McClean and colleagues reported 
272 abnormal postpartum oral GTTs (27.6% ), with 109 women 
identified as having frank diabetes. Eleven of these (10%) 
had fasting plasma glucose less than or equal to 6  mmol/L 
(<108 mg/dL), as did 62% of 114 cases of IGT. These authors 
concluded that a postpartum fasting plasma glucose is not sensi
tive enough in a high-risk population to classify glucose toler
ance status accurately. However, only 5 of 109 women with overt 
diabetes did not require insulin during pregnancy, and of these, 
three had a postpartum fasting plasma glucose of less than or 
equal to 6  mmol/L. Currently, the ACOG recommends using 
either a fasting plasma glucose or a 75-g 2-hour oral GTT at
6 to 12 weeks’ postpartum (see Fig. 40-19). The optimal fre
quency o f subsequent testing has not been established; 
however, the ADA recommends repeat testing at least every
3 years for women with prior GDM and normal results o f 
postpartum screening.

Given the high risk for subsequent diabetes in women with 
prior GDM, this population is ideally suited for preventive 
strategies to lower their risk for deteriorating carbohydrate toler
ance.84'86 Ample evidence shows that breastfeeding improves 
immediate postpartum glucose tolerance, yet much less is known 
about whether lactation prevents progression to type 2  diabetes. 
However, substantial evidence shows that both lifestyle changes 
and pharmacotherapy can prevent or delay the progression of 
IGT to type 2 diabetes following GDM .84 85 In the Diabetes 
Prevention Program, which compared lifestyle changes to met
formin therapy, intensive lifestyle changes of diet and exercise 
resulted in an average weight loss of 15 lb, most of which was 
sustained throughout the study. Fewer individuals randomized 
to lifestyle intervention developed diabetes (14%) compared 
with the metformin group (2 2 %) and placebo-treated subjects 
(29%). W hen women with a history of GDM in this population 
were studied, Ratner and colleagues86 found that metformin and 
lifestyle intervention were similarly effective in reducing the 
incidence of diabetes in women with a history of GDM. In 
women with a history of GDM and IGT, the incidence of sub
sequent diabetes was reduced by 50% and 53% in subjects who 
received metformin and lifestyle intervention, respectively, com
pared with placebo. It follows that women with GDM found to 
have IGT on postpartum glucose tolerance testing should be 
referred for preventive therapy.

Women with GDM are at high risk for recurrence in future 
pregnancies. Getahum and colleagues found a 41.3%  inci
dence in second pregnancies in this group. These authors 
also documented that the risk for GDM is significantly increased 
in the third pregnancy if  the first pregnancy was complicated 
with GDM compared with a first affected pregnancy followed 
by an unaffected pregnancy. Because o f the high recurrence 
risk with previous GDM, we recommend early pregnancy 
screening or testing, followed by screening at 24  to 28 
weeks, or testing in those not found to have GDM earlier 
in pregnancy.

Lo n g -T erm  Effects of G lu c o se  Intolerance  
on M other and Fetus
The metabolic syndrome encompasses a myriad metabolic dis
turbances that include core metabolic problems such as obesity, 
insulin resistance, and hyperinsulinemia. Related metabolic dys
functions include hyperlipidemia, hypertension, inflammation, 
and atherosclerotic vascular disease. The metabolic alterations in

pregnancy provide a useful paradigm for the long-term risks of 
both mother and fetus relative to metabolic dysfunction.

Based on the original work of O’Sullivan and colleagues, 
GDM is a significant risk factor for the later development 
of type 2 diabetes. These findings have been replicated in a 
number of studies. In a review o f the incidence o f type 2 
diabetes in women with a previous history o f GDM, Kim 
and associates8 reported that the cumulative incidence of 
type 2 diabetes increased markedly in the first 5 years 
after delivery and plateaued after 10 years to about 50%. 
Elevated fasting glucose during pregnancy was the most 
common risk factor.

During pregnancy, women with GDM have an increased risk 
for hypertensive disorders such as preeclampsia. Carr and 
coworkers reported that women with a family history of type 2  

diabetes and a history of prior GDM are at a threefold higher 
risk for developing the metabolic syndrome. Additionally, such 
women were at increased risk for cardiovascular dysfunction 
such as coronary artery disease and stroke. Hence, not only is 
the diagnosis of GDM in pregnancy a harbinger of chronic 
metabolic disease, it also offers an opportunity to initiate efforts 
to prevent cardiovascular disease in this at-risk population.

The developmental origins of health and disease (DOHAD), 
or a perinatal programming concept, has recently gained wider 
acceptance because of the increase in childhood and adult 
obesity. However, the effect of a hyperglycemic environment on 
long-term fetal development has been recognized for decades. 
On the basis of the Pima Indian studies of Pettitt and associ
ates, 88 children of Pima women are at increased risk for both 
diabetes and obesity. This risk persisted when the offspring of 
the women with diabetes were compared with that of their 
siblings born before the mother developed glucose intolerance. 
These studies were later confirmed and expanded on by Dabelea 
and colleagues,89 also in a Pima Indian population. In fact, the 
strongest risk factor for diabetes in Pima Indian children is 
being exposed to maternal diabetes while in utero, indepen
dent o f maternal obesity and birthweight. In a white popula
tion, Boney reported not only that the LGA children of the 
women with GDM had an increased risk for diabetes and 
obesity but also that 50% had evidence of the metabolic syn
drome; however, this risk was no longer significant after adjust
ment for maternal obesity. In a recent multiethnic study, Hillier 
and coworkers observed that increasing levels of hyperglycemia, 
particularly fasting hyperglycemia less than the level diagnostic 
for GDM, were associated with an increased risk for childhood 
obesity. More recently, Clausen and associates reported that 
the risk for being overweight was twofold greater in the 
young adults o f mothers with GDM or type 1 diabetes. The 
risk for the metabolic syndrome was also increased fourfold 
in comparison with a matched cohort from the same back
ground population.90 In contrast to these findings, two 
systematic reviews and meta-analyses have concluded that 
childhood obesity associations with GDM may be attenuated 
with adjustment for maternal obesity or BMI. In summary, 
observations are inconsistent with respect to the risk for child
hood obesity in the offspring of GDM women. The potential 
improvement in long-term childhood outcomes with treatment 
of GDM has been addressed in follow-up studies of the two 
large randomized treatment trials for GDM . ,1J2  In a 4- to 5-year 
follow-up of children from the ACHOIS study, Gillman and 
colleagues91 reported that treatment did not result in a change 
in offspring BMI. Similarly, Landon and colleagues92 followed
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894 Section VI Pregnancy and Coexisting Disease

500 children at ages 5 to 10 years from the M FM U study of 
mild GDM and found no overall reduction in childhood obesity 
or metabolic dysfunction in the offspring of treated women. 
These authors did note an association between neonatal and 
childhood obesity with a treatment effect suggested in female 
offspring with the highest neonatal fat mass. Importantly, both 
the ACHOIS and M FM U RCTs included women with mild 
GDM, and thus it remains open to question whether fetal pro
gramming of metabolic function in GDM can have an intergen- 
erational effect that may be modified by treatment.

P R E P R E G N A N C Y  C O U N S E L IN G  O F W O M E N  
W ITH  P R E E X IS T IN G  D IA B E T E S  M E L L IT U S
Anomalies o f the cardiac, renal, and central nervous systems 
arise during the first 7 weeks o f gestation, a time when it 
is most unusual for patients to seek prenatal care. Therefore 
the management and counseling o f women with diabetes in 
the reproductive age group should begin before conception. 
Additionally, preconception care for women with diabetes can 
reduce the occurrence of other adverse birth outcomes. A cost- 
benefit analysis that estimated a frequency of 2.2% of U.S. births 
annually to women with preexisting diabetes suggested that 
universal preconception care might avert 8397 preterm deliver
ies, 3725 birth defects, and 1872 perinatal deaths with dis
counted lifetime costs averted as high as $4.3 billion for the 
affected cohort of children .93 In the United Kingdom, about 
50% of diabetic women receive preconception counseling, 
whereas estimates as low as 2 0 % have been reported in the 
United States. Prepregnancy counseling includes an assessment 
of vascular status and glycemic control. Physicians who care for 
young women with diabetes must be aware of the importance 
of such counseling. At this time, the nonpregnant patient can 
learn techniques for self-monitoring of blood glucose as well as 
the need for proper dietary management. Folic acid dietary 
supplementation at a dose of at least 0.4 mg daily should be 
prescribed to reduce the frequency of NTDs, although it has not 
specifically been studied in the diabetic population. During 
counseling, questions may be answered regarding risk factors for 
complications and the plan for general management of diabetes 
in pregnancy. Planning for pregnancy should optimally be ac
complished over several months, and glycosylated hemoglobin 
measurements are performed to aid in the timing of conception 
(Box 40-8).

A reduced rate of major congenital malformations in patients 
optimally managed before conception has been consistently 
observed with special diabetes clinics. Mills and associates 
reported that diabetic women registered before pregnancy had 
fewer infants with anomalies compared with late registrants 
(4.9% vs. 9%). Although the incidence of 4.9% remains higher 
than that in a normal control population (2 %), normalization 
of glycemia was not established in the early-entry group. Kitz- 
miller and colleagues studied 84 women with pregestational 
DM who were recruited for preconception education and man
agement during a 7-year period. A group of 110 pregnancies 
in women with IDDM who presented in the first trimester 
without preconceptional counseling served as controls in this 
study. One anomaly (1.2%) occurred in the preconception 
group compared with 1 2  malformations ( 1 0 .9 %) in the control 
population.

Glycosylated hemoglobin levels obtained during the first 
trimester may be used to counsel diabetic women regarding

BOX 40-8 PREPREGNANCY CARE FOR DIABETIC WOMEN
• M ultid iscip linary  care team : Obstetrician, 

endocrinologist, d iabetes educator, nutritionist
• Evaluation fo r vascular com plications

• Retinal exam ination
• Assess renal function: Serum  creatinine and  

evaluation fo r proteinuria
• Evaluation fo r cardiovascular status

• Hypertension
• Ischemic cardiac disease: E lectrocardiogram  if 

longstanding diabetes, hypertension, or sym ptom s
• Review  m edications

• A ngiotensin-converting enzym e inhibitors, 
angiotensin II receptor blockers, and statins are best 
avoided if p lanning conception.

• Folate supplem entation is recom m ended.
• Assessm ent o f glycem ic control

• M easure H b A lc  every 2 m onths.
• Target H b A lc  should be <7.0%.
• Contraception is not advised until glucose is well 

controlled.
• Prom ote healthy lifestyle

• Regular exercise
• N utrition counseling and w e igh t loss fo r obese  

w o m en
• Sm oking cessation

the risk for an anomalous infant. M iller and colleagues first 
observed that elevated H bA lc concentrations early in pregnancy 
correlated with an increased incidence of malformations. In a 
series of 58 patients with elevated glycosylated hemoglobin 
levels, 13 malformed infants (22%) were noted. This is in con
trast to a 3.4% incidence of major malformations in 58 women 
whose glycosylated hemoglobin levels were in the normal range. 
Overall, the risk for a major fetal anomaly may be as high as 
25% when the glycosylated hemoglobin level is several percent 
above normal values. Greene reported that 14 of 35 pregnancies 
with a glycosylated hemoglobin that exceeded 1 2 .8 % were com
plicated by major malformations. In his series from the Joslin 
Diabetes Clinic, the risk for major anomalies did not become 
evident until glycosylated hemoglobin values exceeded 6  SD 
above the mean. The risk for spontaneous abortion also appears 
to be increased with marked elevations in glycosylated hemoglo
bin. However, for diabetic women with good glucose control, 
there appears to be no greater likelihood of miscarriage. In 
summary, women with type 1 or type 2 DM should be advised 
to achieve an H bA lc level close to the upper lim it of the normal 
range before conceiving in order to reduce the risk for a major 
fetal malformation or miscarriage.

C O N T R A C E P T IO N
No evidence suggests that DM impairs fertility; thus family 
planning is an important consideration for the diabetic woman. 
A careful history and complete gynecologic examination and 
counseling are required before selecting a method of contracep
tion. Barrier methods of birth control continue to be safe and 
inexpensive. When used correctly with a spermicide, the dia
phragm has a failure rate of less than 10%. Because no risks 
are inherent to the diaphragm and other barrier methods, 
and because these methods do not affect carbohydrate
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Chapter 40 Diabetes Mellitus Complicating Pregnancy 895

metabolism, they have become the preferred interim method 
of contraception for women with DM. The intrauterine device 
(IUD) may also be used by diabetic women without concerns 
about an increased risk for infection.

Combined oral contraceptives (OCs) are the most effective 
reversible method of contraception with failure rates generally 
less than 1 %. The low-dose preparations are not associated with 
an increased risk of developing diabetes in women with prior 
GDM; however, controversy continues in regard to their use in 
women with overt diabetes. The serious side effects o f OC use, 
including thromboembolic disease and MI, may be increased 
in diabetic women who use combined OCs.15 A retrospective 
study of 136 diabetic women found five cardiovascular compli
cations in those who primarily used low-dose pills. Three patients 
had cerebrovascular accidents, one had an M I, and one had an 
axillary vein thrombosis. Despite diabetes increasing the risk for 
cerebral thromboembolism fivefold compared with controls, this 
risk was not enhanced by use of combined OCs in a retrospec
tive case-control study.

In one report, several diabetic women exhibited rapid progres
sion of retinopathy with OC use. Klein and colleagues95 studied 
the impact of OCs in a cross-sectional study of 384 insulin- 
dependent women and reported no association between OCs 
and progression of vascular complications. For physicians who 
prescribe low-dose OCs to diabetic women, their use should 
probably be restricted to patients without serious vascular com
plications or additional risk factors such as a strong family 
history of myocardial disease or smoking. In these women, a 
monophasic preparation (progestin only) may be considered. In 
women taking OCs, the lowest dose of estrogen and progester
one should be used. Patients should have blood pressure moni
toring after the first cycle and quarterly with baseline and 
follow-up lipid levels obtained as well.

Women who use OCs may demonstrate increased resistance 
to insulin as a result of a diminished concentration of insulin 
receptors. Despite the fact that carbohydrate metabolism may 
be affected by the progestin component of the pill, disturbances 
in diabetic control are actually uncommon with its use. Triphasic 
OCs may also be used safely in women with a history of GDM 
without other risk factors. Kjos and colleagues96 performed a 
prospective randomized study o f230 women with recent GDM. 
OC users were randomized to low-dose norethindrone or levo- 
norgestrel preparations in combination with ethinyl estradiol. 
The rate of subsequent diabetes in OC users was 15% to 20% 
after 1 year of follow-up. This rate was not significantly different 
from that in non-OC users (17%). Importantly, no adverse 
effects on total cholesterol, low-density lipoprotein (LDL), high- 
density lipoprotein (HDL), or triglycerides were found with OC 
use. In a separate study, Kjos and colleagues found that progestin- 
only preparations were associated with an increased risk for 
diabetes during breastfeeding.

At present, little information is available concerning long- 
acting progestins in women with diabetes or previous GDM. 
A statistically significant yet clinically lim ited deterioration in 
carbohydrate tolerance has been reported in healthy depot 
medroxyprogesterone acetate (DMPA) users. As observed with 
other progestins, DMPA may lower serum triglyceride and HDL 
cholesterol levels but not LDL or total cholesterol. For this 
reason, DMPA is not recommended as a first-line method of 
contraception for women with diabetes. The progestin-only OC 
would be preferred because it does not produce significant meta
bolic effects in diabetic women.

KEY POINTS

♦ Pregnancy has been characterized as a diabetogenic state 
because of increased postprandial glucose levels in late 
gestation.

♦ Both hepatic and peripheral (tissue) insulin sensitivity 
are reduced in normal pregnancy. As a result, a progres
sive increase in insulin secretion follows a glucose 
challenge.

♦ In women with GDM, the hormonal milieu of preg
nancy may represent an unmasking of a susceptibility 
to the development of type 2 DM.

♦ According to the Pedersen hypothesis, maternal hyper
glycemia results in fetal hyperglycemia and hyperinsu
linemia, which results in excessive fetal growth and 
perinatal morbidities. Tight maternal glycemic control 
is associated with a reduced risk for fetal macrosomia.

♦ Congenital malformations occur with a twofold to 
sixfold increased rate in offspring of women with pre- 
gestational diabetes compared with that of the normal 
population. Impaired glycemic control and associated 
derangement in maternal metabolism appear to contrib
ute to abnormal embryogenesis.

♦ Women with class F (nephropathic) diabetes have an 
increased risk for preeclampsia and preterm delivery 
that correlates with their degree of renal impairment.

♦ Diabetic retinopathy may worsen during pregnancy, yet 
for women optimally treated with laser photocoagula
tion before pregnancy, significant deterioration of vision 
is uncommon.

♦ Screening for GDM is generally performed between 24 
and 28 weeks’ gestation. A two-step method that con
sists of a 50-g screen and a diagnostic 1 0 0 -g oral glucose 
tolerance test is commonly performed in the United 
States.

♦ Treatment of women with type 1 and type 2 DM during 
pregnancy requires intensive therapy that consists of 
frequent self-monitoring of blood glucose and aggres
sive insulin dosing by multiple injections or continuous 
subcutaneous insulin infusion (insulin pump).

♦ The cornerstone of treatment for GDM is dietary 
therapy. Insulin and oral agents are reserved for indi
viduals who manifest significant fasting hyperglycemia 
or postprandial glucose elevations despite dietary 
intervention.

♦ Antepartum fetal assessment for women with both pre- 
gestational diabetes or GDM is based on the degree of 
risk believed to be present in each case. Glycemic control, 
prior obstetric history, and the presence of vascular 
disease or hypertension are important considerations.

♦ Delivery should generally be delayed in patients whose 
glucose is well controlled until 39 weeks’ gestation. The 
mode of delivery for the suspected large fetus remains 
controversial. In cases of suspected macrosomia, cesar
ean delivery has been recommended to prevent a trau
matic birth.

♦ Women with type 1 and type 2 DM should seek pre
pregnancy consultation. Efforts to improve glycemic 
control before conception have been associated with a 
significant reduction in the rate of congenital malforma
tions in the offspring of such women.
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OVERVIEW
Obesity in women is such a common problem that the implica
tions relative to pregnancy often are overlooked, or possibly 
ignored, because of the lack of specific treatments. For example, 
medical treatment of hypertension or diabetes mellitus involves 
medications that have relatively rapid onset, and the effects of 
treatment can be quantitatively monitored. In contrast, the 
management of obesity— in addition to medical and surgical 
treatments— requires long-term approaches that include public 
health and economic initiatives, nutrition, and behavioral modi
fications. Therefore an understanding of the management of 
obesity during pregnancy begins prior to conception and con
tinues through the postpartum period; that is, it must be seen 
from a life-course perspective. Although the care of the obese 
women during pregnancy requires the involvement of the 
obstetrician/gynecologist, depending on the comfort level of the 
provider, other health care professionals can offer specific exper
tise relative to management.

PREVALENCE OF OBESITY IN WOMEN 
OF REPRODUCTIVE AGE
Obesity is commonly classified by the body mass index 
(BMI), which is weight in kilograms divided by height in 
meters squared (kg/m2) using the World Health Organiza
tion (WHO) criteria. Underweight is less than 18.5, normal 
weight is 18.5 to 24.9, overweight is 25.0 to 29.9; obese class
I, is 30.0 to 34.9, obese class II is 35.0 to 39.9, and obese 
class III is 40 or more.1 Based on the 2011 to 20 12  National 
Health and Nutrition Examination Survey (NHANES), the 
prevalence o f obesity in women o f reproductive age ( 2 0  to 39 
years) in the United States was 31.8%  (95% confidence inter
val [CI], 28.5 to 35.5), whereas overweight plus obesity was 
58.5%  (95% CI, 51.4 to 65.2) o f that population.2 The preva
lence of overweight and obesity is higher in non-Hispanic black 
and Mexican women in the United States (Table 41-1). BMI is 
often used as a measure that correlates with fat mass. In non
pregnant women of reproductive age, BMI explains about 50%
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TABLE 41-1 PREVALENCE OF OBESITY AND OVERWEIGHT IN WOMEN OF REPRODUCTIVE AGE*
ALL RACE/ NON-HISPANIC NON-HISPANIC
ETHNICITY GROUPS WHITE BLACK HISPANIC MEXICAN AMERICAN

31.9 (28.6-35.5) 26.9 (23.0-31.3) 56.2 (44.3-67.5) 34.4 (30.9-38.2) 37.8 (33.2-42.7)

55.8 (49.6-61.9) 50.7 (43.1-58.2) 74.2 (65.9-81.1) 65.4 (59.9-70.5) 68.8 (62.1-74.8)

Data from National Health and Nutrition Examination Survey 2009-2010. Values are mean ± standard deviation. 
*Reproductive age is 20 to 39 years old.

to 70% of the variance in fat mass. However, because of the 
increase in total body water that occurs with advancing gesta
tion, the correlation becomes progressively less robust. 1 Because 
of racial differences in body composition, the W HO has dis
cussed different cutoff criteria for the classification of obesity in 
Asian women . 4

Based on Centers for Disease Control and Prevention (CDC) 
data, no significant change occurred in the prevalence of obesity 
in women of reproductive age from 2003 through 2004 to 2011 
through 2012.“ From 1999 through 2010, however, obesity 
(BMI >30) in women aged 20 to 39 years appeared to increase, 
from 28.4% (95% CI, 24.4 to 32.4) to 34.0% (95% CI, 29.0 
to 39.1), again with a higher prevalence in non-Hispanic black 
and Mexican American women . 5 Of greater concern is the 
increasing prevalence of grade II obesity (17.2%; 95% CI, 14.2 
to 20.7) and grade III obesity (7.5%; 95% CI, 5.8 to 9.7) in 
women aged 20 to 39 years from 2009 through 2010 .6

Multiple social, environmental, behavioral, and biologic 
determinants lead to the development of obesity. Major single
gene defects (homozygosity for recessive alleles) account for 
about 5% of early-onset severe obesity. ’8 About 60 single nucle
otide polymorphisms (SNPs) have been associated with obesity 
based on genome-wide significance levels.7' 1 Although when 
taken individually, each of these factors may only account for a 
small proportion of the variance in obesity, when taken together, 
their combination and interactions explain a far greater propor
tion of the variance.7

Multiple commonly held beliefs are associated with the devel
opment of obesity, and many more are associated with prescrip
tions to achieve weight loss. 10 In the simplest terms, weight loss 
or gain is related to the balance between energy intake and 
energy expenditure, although the relationships are not linear. For 
example, if  a person increases energy expenditure by walking an 
extra mile per day and maintains caloric intake constant, the 
weight loss over time will be only approximately 2 0 % of 
expected. 11 This is because the physiologic compensation for 
changes in energy expenditure or requirements to maintain the 
decreased weight are less than would be expected if the relation
ships were linear. 12

As obstetrician/gynecologists, we encourage our patients to 
breastfeed. Although many maternal and neonatal benefits 
accompany breastfeeding, the concept that infants who are 
breastfed are less likely to be obese in later life did not hold true 
in a randomized controlled trial (RCT) of more than 13,000 
children followed for more than 6  years.1’ The previous reports 
may have been affected by confounding and selection bias.

METABOLISM IN OBESE PREGNANT WOMEN
Large epidemiologic studies have reported that obese women 
gain less weight during pregnancy compared with nonobese 
women . 14 Based on small longitudinal metabolic studies in 
healthy lean and obese women before and during early and late

A Pre Early Late
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FIG 41-1 A, Longitudinal changes (mean ± standard deviation [SD)) in 
lean body mass in lean (blue bars, n = 5) and obese women (red bars, 
n = 6) before pregnancy (Pre) and in early (12-14 weeks) and late 
pregnancy (34-36 weeks). Change over time, P =  .0001, and group, 
P=  .34. B, Longitudinal changes (mean ± SD) in fat mass in lean (blue 
bars, n = 5) and obese women (red bars, n = 6) before pregnancy and 
in early (12-14 weeks) and late pregnancy (34-36 weeks). Change over 
time, P=  .0001 and group, P=  .02. (From Catalano P, Resi V, Presley 
L, Hauguel-deMouzon. Changes in maternal lipid metabolism in lean 
and obese pregnancy are related to fetal adiposity. Reproductive Sci
ences 22, number 1 [supplement], March 25-28, 2015, 62nd Annual 
Meeting, San Francisco CA. Abstract F-137.)

gestation, significant changes were observed over time and 
between groups. A significant increase in lean and fat mass 
was reported in both lean and obese women, but a greater 
increase in fat mass was seen in lean women (Fig. 41-1). A 
significant 23% increase in resting energy expenditure over time 
was not different between groups (Fig. 41-2, A). Basal carbohy
drate oxidation increased 6 8 % over time and was greater in 
obese women (see Fig. 41-2, B). A 40% decrease in insulin 
sensitivity was reported as estimated by the glucose infusion rate 
during the hyperinsulinemic-euglycemic clamp divided by the
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FIG 41-2 A, Longitudinal changes (mean ± standard deviation [SD]) in 
resting metabolic rate in lean (blue bars, n = 5) and obese women 
(red bars, n = 6) before pregnancy (Pre) and in early (12-14 weeks) 
and late pregnancy (34-36 weeks). Change over time, P = .0002, and 
group, P=  .22. B ,  Longitudinal changes (mean ± SD) in carbohydrate 
oxidation in lean (blue bars, n = 5) and obese women (red bars, n = 
6) before pregnancy and in early (12-14 weeks) and late pregnancy 
(34-36 weeks). Change overtime, P = .008, and group, P =  .04. (From 
Catalano P, Resi V, Presley L, Hauguel-deMouzon. Changes in mater
nal lipid metabolism in lean and obese pregnancy are related to fetal 
adiposity. Reproductive Sciences 22, number 1 [supplement], March 
25-28, 2015, 62nd Annual Meeting, San Francisco CA. Abstract 
F-137.)

mean insulin concentrations (i.e., the insulin sensitivity index 
[ISI]) in lean and obese women over time, with a trend (P = 
.07) for a greater decrease in obese compared with lean women 
(Fig. 41-3). As a result of the significant decrease in insulin 
sensitivity, fat oxidation increased 2 2 0 % during the clamp in 
both lean and obese women (P — .003) because of the decreased 
ability to suppress lipolysis. Basal free fatty acids decreased 16% 
over time (P = .02), and a 62% increase was seen in free fatty 
acids with insulin infusion during the clamp (P = .0004), but 
no significant difference was noted between groups (Fig. 41-4). 
Although a 61% increase in fasting cholesterol and a 260% 
increase in triglycerides (P=  .0 0 0 1 ) were observed over time, no 
significant difference was found between lean and obese women 
(Fig. 41-5). Others have reported that in late pregnancy, obese 
women have increases in circulating triglycerides, very-low-den- 
sity lipoprotein (VLDL) cholesterol, and lower high-density 
lipoprotein (HDL) as compared with that of lean women.1' ''1 

In summary, significant increases in many lipid components 
are seen during pregnancy, some o f which are increased to a 
greater degree in obese, compared with lean, women.
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FIG 41-3 Longitudinal changes in insulin sensitivity index (mean + stan
dard deviation [SD]) as estimated by the hyperinsulinemic-euglycemic 
clamp (mg/kg/min) in lean (blue bars, n = 5) and obese women (red 
bars, n -  6) before pregnancy (Pre) and in early (12-14 weeks) and 
late pregnancy (34-36 weeks). Change over time, P = .0001, and 
group, P = .07. (From Catalano P, Resi V, Presley L, Hauguel- 
deMouzon. Changes in maternal lipid metabolism in lean and obese 
pregnancy are related to fetal adiposity. Reproductive Sciences 22, 
number 1 [supplement], March 25-28, 2015, 62nd Annual Meeting, 
San Francisco CA. Abstract F-137.)

Recommendations for Gestational Weight 
Gain in Obese Women
Weight gain recommendations for pregnancy were first pub
lished by the Institute of Medicine (IOM) in 1990.19 At that 
time, prior to the increased prevalence of obesity in the popula
tion, the purpose was to establish recommendations for a healthy 
gestational weight gain for both the mother and her fetus pri
marily because of concerns for low birthweight and nutritional 
status. The recommendation for weight gain for women who 
were obese—defined as a prepregnancy BMI greater than 29— 
was at least 15 lb. Since that time, a significant increase has 
been seen in the number of women of childbearing age who 
are overweight or obese. Women also are becoming pregnant 
at an older age and with an increasing number of chronic 
medical conditions such as hypertension and diabetes. Hence, 
in 2009, the IOM revised the gestational weight guidelines 
taking into account more recent literature and the increased 
proportion of overweight and obesity in women of reproductive 
age (Table 41-2).20

Although the 2009 IOM recommendations for gestational 
weight gain are not dramatically different from the 1990 guide
lines except in regard to obese women, other substantive differ
ences were apparent. These include using the W H O  criteria 
for defining pregravid BMI' and eliminating specific recom
mendations for certain populations that included women 
of short stature, pregnant adolescents, and different racial or 
ethnic groups.20 Based on these more recent definitions, exces
sive gestational weight gain occurs in 38%  o f normal-weight 
women, 63%  o f overweight women, and 46%  of obese 
women. Excessive gestational weight gain is a significant 
factor for postpartum weight retention and hence is a signifi
cant contributor to the obesity epidemic.21

Some authors have suggested that weight gain for obese 
women less than that specified in the current IOM recommen
dations may improve some perinatal outcomes.2" However, 
potential fetal risks relate to inadequate gestational weight gain 
in obese women .23 Although the issue of gestational weight gain
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FIG 41-4 A, Longitudinal changes in basal free fatty acid concentration 
(mean ± standard deviation [SD]) in lean (blue bars, n = 5) and obese 
women (red bars, n = 6) before pregnancy (Pre) and in early (12-14 
weeks) and late pregnancy (34-36 weeks). Change over time, P=  .02, 
and group, P=  .30. B, Longitudinal changes in free fatty acid concen
tration during the hyperinsulinemic-euglycemic clamp in lean (blue 
bars, n = 5) and obese women (red bars, n = 6) before pregnancy and 
in early (12-14 weeks) and late pregnancy (34-36 weeks). Change over 
time, P=  .0004, and group, P=  .82. (From Catalano P, Resi V, Presley 
L, Hauguel-deMouzon. Changes in maternal lipid metabolism in lean 
and obese pregnancy are related to fetal adiposity. Reproductive Sci
ences 22, number 1 [supplement], March 25-28, 2015, 62nd Annual 
Meeting, San Francisco CA. Abstract F-137.)
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FIG 41-5 A, Longitudinal changes in basal triglyceride concentration in 
lean (blue bars, n = 5) and obese women (red bars, n = 6) before 
pregnancy (Pre) and in early (12-14 weeks) and late pregnancy (34-36 
weeks). Change over time, P =  .0001, and group, P =  .22. B, Longi
tudinal changes in basal cholesterol concentrations in lean (blue bars, 
n = 5) and obese women (red bars, n = 6) before pregnancy and in 
early (12-14 weeks) and late pregnancy (34-36 weeks). Change over 
time, P=  .0001, and group, P=  .67. (From Catalano P, Resi V, Presley 
L, Hauguel-deMouzon. Changes in maternal lipid metabolism in lean 
and obese pregnancy are related to fetal adiposity. Reproductive Sci
ences 22, number 1 [supplement], March 25-28, 2015, 62nd Annual 
Meeting, San Francisco CA. Abstract F-137.)

TABLE 41-2 RECOMMENDATIONS FOR TOTAL AND RATE OF WEIGHT GAIN DURING PREGNANCY BY 
PREPREGNANCY BMI

PREPREGNAIMCY BMI BMI (kg/m 2)
TOTAL WEIGHT 
GAIN (RANGE) (lb)

RATES OF WEIGHT GAIN*
IN TRIMESTERS 2 AND 3 
(MEAN AND RANGE) (lb/wk)

Underweight <18.5 28-40 1 (1-1.3)
Normal weight 18.5-24.9 25-35 1 (0.8- 1)
Overweight 25.0-29.9 15-25 0.6 (0.5-0.7)
Obese (includes all classes) >30.0 11-20 0.5 (0.4-0.6)

From Rasmussin KM, Abrams B, Bodnar LM, et al. Weight gain during pregnancy: re-examining the guidelines. Institute of Medicine, 2009. 
'Calculations assume a 0.5-2 kg (1.1-4.4 lb) weight gain in the first trimester.
BMI, body mass index.

is much debated in the United States, it is noteworthy that 
recommendations in other countries are not uniform. The 
Society of Obstetricians and Gynecologists of Canada24 have 
adopted the 2009 IOM recommendations,20 whereas recom
mendations from Sweden25 and China26 are unique to their 
own populations. Finally, the Centre for Maternal and Child 
Enquiries (CMACE) and Royal College of Obstetricians and

Gynaecologists (RCOG) have no clinical recommendations or 
clinical guidelines for weight gain during pregnancy.27

During pregnancy, medications for weight management 
are not recommended because o f safety concerns and side
effects.28 The classical anorexiants, such as phentermine, alter 
the release and reuptake of neurotransmitters that impact appe
tite. Other drugs such as orlistat reduce intestinal fat absorption
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by inhibiting pancreatic lipase. Metformin, which decreases 
hepatic glucose production, has been associated with decreased 
gestational weight gain in some studies when used to treat mild 
gestational diabetes mellitus (GDM).2’' Metformin has not been 
used solely to manage gestational weight gain, and it crosses the 
placenta in significant amounts.29

The primary weight-management strategies during pregnancy 
are dietary control, exercise, and behavior modification. These 
strategies have been used either alone30,31 or in combination3" 33 

to avoid excessive gestational weight gain. None of these strate
gies is uniform. For example, with diet, some studies have exam
ined the role of food having a low glycemic index ,30 whereas 
others have used probiotic interventions.34 Unfortunately, the 
authors of a recent Cochrane review concluded that there is 
not enough evidence to recommend any specific intervention 
for preventing excessive weight gain in pregnancy, because 
studies have suffered from methodologic limitations, small 
sample sizes, and insufficient power to detect clinically meaning
ful effect size.35 In general, nutritional strategies, rather than 
exercise, appear to be more useful in avoiding excessive ges
tational weight gain in pregnancy.36

PREGNANCY COMPLICATIONS 
IN OBESE WOMEN 
Early Pregnancy
A number of pregnancy complications are associated with 
obesity. The risk o f spontaneous abortion (odds ratio [OR], 
1.2; 95% CI, 1.01 to 1.46) and recurrent miscarriage (OR, 
3.5; 95% CI, 1.03 to 1 2 .0 1 ) is increased in obese women as 
compared with age-matched controls. ' The risk o f congenital 
anomalies is also increased in obese mothers, who are at 
increased risk for pregnancies affected by neural tube, car
diovascular, orofacial, and limb-reduction anomalies.38

Based on the Northern Congenital Abnormality Survey, 
routine ultrasound detected 46.2%  (1146 of 2483) o f struc
tural anomalies in fetuses with a normal karyotype.3 Detec
tion rates decreased significantly with increasing maternal 
BMI (P  = .0007, test for trend), and the odds o f detection o f 
any anomaly were significantly lower in obese women than 
in those with a normal BMI (adjusted OR [aOR], 0.77; 95% 
CI, 0.60 to 0.99 ) .39 Factors associated with the decreased ability 
to detect congenital anomalies in obese women include the 
distance from the skin surface to the fetus, resolution/penetration 
of sonographic equipment, prolonged time to complete the 
examination, and the experience of the sonographer.40 Potential 
means to optimize image quality in obese pregnant women 
include a vaginal approach in the first trimester, using the mater
nal umbilicus as an acoustic window, and tissue harmonic 
imaging .40 Fetal magnetic resonance imaging (MRI) obviates 
many of these technical problems, but because its use is limited 
by cost and availability, the use of MRI for routine screening of 
anomalies is not recommended .41

In the First- And Second-Trimester Evaluation of Risk 
(FASTER) Research Consortium trial, the detection rate for 
cardiac anomalies among women with a BMI less than 25 was 
higher (21.6%) at a significantly lower false-positive rate (FPR, 
78.4% ; 95% CI, 77.3 to 79.5) compared with obese women 
(8.3% detection rate with an FPR of 91.7%; 95% CI, 90.1 to 
92.2). In a logistic regression model, maternal obesity signifi
cantly decreased the likelihood of sonographic detection of 
common anomalies (aOR, 0.7; 95% CI, 0.6 to 0.9 ) . 1

Maternal obesity also affects measures of serum analytes 
because of the increased plasma volume in obese pregnant 
women. Although weight adjustment for analytes related to 
neural tube defects (NTDs) and trisomy 18 improves detection 
rates, this adjustment does not increase detection rates for 
trisomy 2 1.41 In prenatal testing for trisomies 21 and 18 using 
cell-free DNA (cfDNA), the false-positive rates were signifi
cantly lower (P = .03) than with standard screening (serum 
biochemical assays with or without nuchal translucency mea
surement). The positive predictive value for cfDNA was also 
better for trisomy 2 1  (45.5% vs. 4.2%) and trisomy 18 (40.0% 
vs. 8.3%). The median BMI in this study was 27.4 (range, 15.5 
to 59) .43 It should be noted, however, that these test character
istics were for “positive” results and did not take into account 
results from women who were unable to have results obtained 
from the assay, an occurrence that is more common as BMI 
increases. Also, maternal obesity is associated with an increase 
in total, but not fetal, cfDNA. In a small study, total cfDNA 
increased 1.7% per BMI unit, and when adjusted for blood 
volume, it increased 3.2% per BMI unit. Therefore in the future, 
cfDNA values may need to be adjusted for maternal BMI for 
better interpretation of clinical data.44

Mid to Late Pregnancy
The risk o f metabolic problems is increased, which includes 
GDM45 and preeclampsia,46 as is the risk o f cardiac dys
function, proteinuria, sleep apnea, and nonalcoholic fatty 
liver disease (NAFLD)47'48 in obese as compared with normal- 
weight pregnant women. Because of the increased insulin 
resistance often observed in obese women before pregnancy, 
preexisting subclinical metabolic dysfunction may become man
ifest as obstetric conditions such as preeclampsia, gestational 
diabetes, and obstructive sleep apnea (OSA)49 and are associated 
with adverse pregnancy outcomes.50'52 These disorders may have 
a higher prevalence in certain racial or ethnic groups includ
ing black Africans and Southern Asians. 53 In early gestation, 
hypertension, suspected glucose intolerance, or OSA should be 
screened for at the first antenatal visit with a history, physi
cal examination, and laboratory and clinical studies as needed. 
Women with suspected OSA— those with symptoms of snoring, 
excessive daytime sleepiness, witnessed apneas, or unexplained 
hypoxia— should be referred to a sleep medicine specialist for 
evaluation and possible treatment. 54 Although universal screen
ing for gestational diabetes is recommended at 24 to 28 weeks 
gestation, screening for glucose intolerance in early gestation 
(gestational diabetes or overt diabetes) should be based on risk 
factors that include maternal obesity, known impaired fasting 
or 2 -hour glucose levels based on a 75-g glucose tolerance 
test, or previous gestational diabetes (see Chapter 40 ).55 It has 
not been determined, however, whether universal testing early 
in pregnancy to detect overt diabetes is of clinical value or is 
cost-effective.56 In addition, NAFLD— the most common liver 
disease in developed countries— usually presents with elevated 
liver function tests.57 NAFLD is related to increased insulin 
resistance and is often confused with other disorders of liver 
function during pregnancy such as the hemolysis, elevated liver 
enzymes, low platelets (HELLP) syndrome.

Is there any treatment to prevent metabolic complications 
such as gestational diabetes in obese women once they are 
pregnant? Lifestyle interventions in studies of small numbers 
of obese women to prevent the development of GDM have 
not been successful.58,59 A Cochrane review reported that no
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conclusive evidence for exercise in pregnancy to prevent GDM 
was available to guide practice.60 Supplementation with a pro
biotic and myo-inositol in two European studies has been 
reported to reduce the frequency of gestational diabetes.61,62 

However, these trials were conducted in nonobese populations. 
Although prevention of preeclampsia with calcium supplemen
tation and vitamin C and E have not been successful,63'64 opti
mizing glucose control in women with GDM may decrease the 
rate of preeclampsia.6’ The administration of low-dose aspirin 
(60 to 80 mg/day) in the late first trimester is suggested in 
women with a medical history of early-onset preeclampsia and 
preterm delivery at less than 340/7 weeks or preeclampsia in more 
than one prior pregnancy.66

Not only is the risk o f indicated preterm deliveries 
increased6 because o f the aforementioned antepartum 
complications, the risk o f idiopathic preterm birth is also 
in c re a se d in  overweight and obese pregnant women. The 
risk o f stillbirth also increases (test for trend, P < .01) with 
progressive degrees o f maternal obesity: BMI class I (adjusted 
hazard ratio [aHR], 1.3; 95% CI, 1.2 to 1.4), BMI class II 
(aHR, 1.4; 95% CI, 1.3 to 1.6), and extreme obesity (aHR, 1.9; 
95% CI, 1.6 to 2.1). A further increased risk of stillbirth was 
seen in obese black, compared with obese white, mothers.69 The 
underlying etiology for intrauterine fetal death in obese women 
is unknown, and as such, no specific recommendations exist 
regarding prevention other than optimizing general obstetric 
care relative to medical or obstetric conditions. Although obese 
women are at increased risk for adverse perinatal outcomes, 
data are insufficient to recommend antenatal surveillance in 
this population without additional clinical indications.70 As 
a noninvasive option, fetal movement counts, such as kick 
counts, are suggested (see Chapter 1 1 ).

Intrapartum Complications
At delivery, obese women are at increased risk o f cesarean 
delivery, endometritis, wound rupture/dehiscence, and ve
nous thrombosis, and they have an almost twofold increased 
risk o f composite maternal morbidity and a fivefold risk o f 
neonatal injury. The unadjusted ORs of cesarean delivery are 
1.46 (95% CI, 1.34 to 1.60), 2.05 (95% CI, 1 . 8 6  to 2.27), and 
2.89 (95% CI, 2.28 to 3.79) for overweight, obese, and severely 
obese women, respectively, compared with normal-weight 
women.7'  Maternal obesity alone is not an indication for induc
tion of labor. ’ 3 However, obese women are at increased risk of 
a prolonged pregnancy and have an increased rate of induction 
of labor. 7“* Although compared with spontaneous labor, induc
tion of labor is associated with an increased risk of cesarean 
delivery in obese women ,75 no specific recommendations have 
been made to decrease the risk of primary cesarean delivery in 
this population. 6

The length o f labor in nulliparous women is proportional 
to maternal BMI. In a study that adjusted for maternal height, 
labor induction, membrane rupture, oxytocin use, epidural 
anesthesia, net maternal weight gain, and fetal size, the median 
duration of labor from 0  to 1 0  cm was significantly longer in 
overweight and obese women. In overweight women, the pro
longation was between 4 and 6  cm, and for obese women, labor 
was slower before 7 cm .78 In a mixed nulliparous and multipa
rous cohort, the second stage o f labor was not significantly 
different among normal, overweight, and obese women. The 
intrauterine pressure generated during a standardized Valsalva

maneuver also was not significantly different among the various 
weight groups. 9

The rate of trial of labor after cesarean (TOLAC) has been 
decreasing since the m id-1990s and is now less than 10% (see 
Chapter 20 ) . 76 TOLAC success rates are inversely related to 
BMI: for a BMI less than 19.8, the rate is 83.1% ; when BMI is 
between 19.8 and 26, the rate is 79.9% ; between 26.1 and 29, 
the rate is 69.3% ; and when BMI exceeds 29, the rate is 68.2% 
{P < .001). Similarly, gaining over 40 lb during pregnancy is 
associated with a decreased TOLAC success rate (6 6 .8 % vs. 
79.1% , P < .001) . 80 Class III women undergoing aTOLAC had 
greater composite morbidity—which included prolonged hospi
tal stay, endometritis, rupture/dehiscence, and neonatal injury 
(fractures, brachial plexus injuries, and lacerations)— compared 
with class III women having an elective cesarean delivery, 
although absolute morbidities were small.71 The risk is increased 
significantly for postpartum atonic hemorrhage (>1000 mL) for 
class III obese women after a vaginal delivery (5.2%) and instru
mental delivery (13.6% ), compared with normal-weight women 
(4.4%), but not after cesarean delivery.81

Maternal obesity significantly increases the risk o f anes
thetic complications. The CMACE/RCOG recommendations 
state that women with a pregravid BMI greater than 40 should 
have an antenatal consultation with an obstetric anesthesiologist 
to discuss and document anesthetic management plans for labor 
and delivery (see Chapter 16).27 For all other obese women, early 
consultation with an obstetric anesthesiologist at the time of 
admission to labor and delivery should be considered to obtain 
proper equipment to monitor blood pressure, establish venous 
access, and screen for relevant comorbid conditions.82 The risk 
of epidural failure is greater in obese women, compared with 
normal weight and overweight women83; therefore early labor 
epidural placement should be considered. This may mitigate 
increased time in the obese patient from decision for an 
emergency cesarean to delivery. Compared with normal-weight 
women, severely obese women at term have significantly greater 
hypotension and prolonged fetal heart rate decelerations after 
controlling for epidural bolus dose and hypertensive disorders.84 

The combination of spinal anesthesia and obesity significantly 
impairs respiratory function for up to 2  hours after the proce
dure.8’ General anesthesia also poses a risk for the obese preg
nant women because of potential difficulties with endotracheal 
intubation (see Chapter 16).86 However, general anesthesia is not 
a contraindication in obese women, but consideration should be 
given to the need for preoxygenation, proper positioning of the 
patient, and fiberoptic equipment intubation availability.87

Broad-spectrum antimicrobial prophylaxis is recom
mended for all cesarean deliveries unless the patient is already 
receiving antibiotics for conditions such as chorioamni
onitis.88 In a study of normal weight, overweight, and obese 
women, after 2-g dosing 30 to 60 minutes before skin incision, 
cefazolin concentrations in adipose tissue were inversely propor
tional to BMI. In obese and extremely obese patients, adipose 
tissue concentrations of cefazolin at the time of skin incision 
were less than the m inimally inhibitory concentration for gram- 
negative rods (<4 |ig/g of tissue) in 20% and 33% of obese and 
severely obese patients, respectively.89 However, differences in 
clinical outcomes have not been established, and a proper dosing 
based on BMI has not been recommended.

The optimal type o f skin incision for primary cesarean 
delivery in order to decrease morbidity in obese class II and 
III patients has not been resolved. Using data from a perinatal
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FIG 41-6 Frequency of surgical site infection (SSI) following cesarean 
delivery in women stratified by maternal body mass index (BMI). 
(From Wloch C, Wilson J, Lamagni T, et al. Risk factors for surgical 
site infection following cesarean section in England: results from a 
multicenter cohort study. BJOG. 2012:119:1324-1333.)

database, it was reported that a vertical skin incision was associ
ated with a higher rate of wound complications than a transverse 
incision .90 More recent data from a secondary analysis of the 
Maternal-Fetal Medicine Unit’s (M FMU) cesarean registry, 
which used a composite of wound complications (infection, 
seroma, hematoma, wound evisceration, and fascial dehiscence) 
as the primary outcome, reported that in a univariate analysis, 
patients with a vertical skin incision had a significantly higher 
rate of wound complications; however, after adjustment for con
founding factors, a vertical incision was associated with a signifi
cantly lower risk for wound complications.91 The discrepancy 
was most likely explained by selection bias. Others have reported 
that in obese women with a voluminous panniculus, a supraum- 
bilical incision was associated with favorable outcomes.9”

Closure with suture of subcutaneous tissue greater than 2 cm 
in depth can significantly decrease the incidence of wound dis
ruption .93 The additional use of a subcutaneous drain with bulb 
suction in obese women with at least 4 cm of subcutaneous fat 
was not effective in preventing wound complications and may 
have potentiated postcesarean wound complications.9"1 Com
pared with normal-weight women, the risk of surgical site infec
tions (SSIs) is increased following a cesarean delivery in 
overweight women (OR, 1.6; 95% C l, 1.2 to 2.2), obese class
I women (OR, 2.4; 95% C l, 1.7 to 3.4), and obese class II and
III women (OR, 3.7; 95% C l, 2.6 to 5.2; Fig. 41-6).95 Subcu
taneous skin thickness greater than 3 cm is a significant risk 
factor (OR, 2.8; 95% C l, 1.3 to 5.9) for postcesarean wound 
infection after adjusting for maternal BM I .96 Types of skin prep
aration, skin-closure techniques, and supplemental oxygen have 
not proved useful in decreasing the rate of postcesarean infec
tious morbidity.97'99

POSTPARTUM CONSIDERATIONS 
Maternal
Obesity is a risk factor for venous thromboembolism (VTE) in 
the general population (see Chapter 45 ) . 1110 In a case-control 
study101 of over 71,000 women in Denmark, the relative risk of 
VTE in obese women during pregnancy was 9.7 (95% C l, 3.1 
to 30.8), and during the postpartum period, it was 2 . 8  (95% 
C l, 0.8 to 9.8) after adjustment for age, parity, clomiphene 
citrate stimulation, and diabetes. Obesity also was associated

with a higher risk of pulmonary embolism (aOR, 14.9; 95% C l,
3.0 to 74.8). However, these data are associated with very wide 
confidence intervals that lim it confidence in the precision of the 
estimate. The Pregnancy and Thrombosis Working Group100 in 
the United States recommends consideration of thrombopro
phylaxis only in selected patients and notes that data are insuf
ficient to recommend routine pharmacologic prophylaxis in 
patients having a cesarean delivery. 101 Because cesarean delivery 
increases the risk o f VTE, placement o f pneumatic compres
sion devices has been recommended for all patients before 
and after cesarean delivery by the American College o f Obste
tricians and Gynecologists (ACOG) . 102 In contrast, the RCOG 
in the United Kingdom recommends obese women who have 
two or more additional risk factors such as smoking should 
be considered for prophylactic low-molecular-weight heparin 
(LMWH) as early in pregnancy as practical and should continue 
this therapy until 6  weeks postpartum. Additionally, the RCOG 
recommends that obese women who have one or more addi
tional risk factors for VTE should be considered for LMW H for
7  days after delivery.27

Few randomized trials have addressed management of wound 
complications following cesarean delivery. 101 Risk factors for 
wound complications in addition to maternal obesity include 
diabetes, chorioamnionitis, corticosteroids, stress, and poor 
nutrition . 104 In a retrospective study of 2492 cesarean deliveries, 
the risk of postcesarean infection was 18.4%, and risk was 
highest among obese women (OR, 1.43; 95% C l, 1.09 to 1 .8 8 ) 
after adjustment for diabetes and emergent/elective cesarean 
deliveries. Among women with diabetes, obesity increased the 
risk of postcesarean infection to an even greater extent (OR, 
2.06; 95% C l, 1.13 to 3.75 ) . 105 Management of the infected 
postcesarean wound includes antibiotics and evacuation of any 
hematoma/seroma. An open wound can be managed in any 
o f three ways: with secondary closure, closure by secondary 
intention with dressings, and closure by secondary intention 
using negative pressure wound therapy (NPWT). Secondary 
closure and NPW T are associated with improved healing times
compared with closure by secondary intention with dressings in

104nonpregnant patients.
Excessive gestational weight gain is associated with short- and 

long-term postpartum weight retention.101’ In the Danish birth 
cohort (n = 60,892), underweight women retained an average 
of 2.3 kg and obese women lost 1.7 kg by 6  months postpartum. 
However, the variation of weight loss was great in the overweight 
and obese women, and the crude risks for postpartum weight 
retention showed only moderate associations with pregravid 
BMI. The greatest contribution to retention of over 5 kg at 6 

months postdelivery was the degree of excessive weight gain 
during pregnancy. For example, women who gained in excess of 
2 0  kg had a risk of postpartum weight retention that was sixfold 
greater than women who gained 10 to 15 kg . 10 Similar findings 
were reported among Asian populations. 108

In the Fit for Delivery study, although behavioral intervention 
did not result in a significant decrease in gestational weight gain 
in overweight/obese women, a significant increase was reported 
among those who received the intervention in the proportion of 
overweight/obese women (30.7% vs. 18.7%) who returned to 
or were below their pregravid weight by 6  months postpar
tum . 109 Traditional means to decrease postpartum weight reduc
tion have used behavioral intervention that involves diet and 
physical activity. 110 In a small study, use of the Internet-based 
program from the United States Department of Agriculture
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(USDA), MyPyramid Menu Planner for Moms—which com
putes energy needs to achieve a defined weight loss based on 
demographic, anthropometric, and lactation status— resulted in 
significantly increased weight loss compared with a control 
group . " 1 In a larger study in breastfeeding women that com
pared a Mediterranean-style diet with the MyPyramid menu 
planner for pregnancy and breastfeeding, both groups achieved 
a similar degree of moderate weight loss (-2 .3  ± 3.4 kg vs. -3 .1  
± 3.4 kg, respectively) over 4 months. 112 In an RCT in which 
women were followed over 1 0  months, family-based behavioral 
intervention did not result in a significant increase in postpar
tum weight loss compared with a control group. In a multi
variate analysis, only baseline energy intake, work status, and 
breastfeeding were significant predictors of weight change. 113 

Finally, in a Cochrane analysis, diet alone or diet plus exercise, 
but not exercise alone, helped women lose weight postpartum. 
Pregravid obesity, but not gestational weight gain, has been 
associated with early termination of breastfeeding114 and also 
with postpartum anemia . 115 For breastfeeding women, more 
evidence is required to discern whether diet or exercise or both 
are detrimental for either mother or infant. 116

The optimal treatment o f obesity in pregnancy is preven
tion o f obesity b e fo r e  pregnancy occurs. As discussed previ
ously, the obstetrician/gynecologist, either in conjunction with 
other health care providers or individually, may consider using 
prepregnancy behavioral modification such as motivational 
interviewing to achieve behavioral change in areas such as weight 
control." Although achieving a normal BMI is the ideal, 
based on the results o f the Look Ahead trial, a weight loss o f 
even 5% to 7% significantly improved metabolic health.118

Weight loss between pregnancies in obese women has been 
shown to decrease the risk o f a large for gestational age 
(LGA) infant (aOR, 0.61; 95% CI, 0.52 to 0.73), whereas an 
interpregnancy weight gain was associated with an increased 
risk o f delivering an LGA infant (aOR, 1.37; 95% CI, 1.21 to 
1.54). Risk of a small-for-gestational-age (SGA) infant was not 
increased unless there was a loss of more than 8 kg/m2. 119 The 
interpregnancy interval in women who lost weight in this study 
was longer than that seen in the women who gained weight 
between pregnancies, which underscores the importance of con
traceptive counseling in this population . 120

Neonate/Child
The infants o f obese women are at increased risk for fetal 
macrosomia and, more specifically, for increased body fat 
compared with infants o f normal-weight women.121,122 Long
term risks for the offspring include an increased risk of the 
metabolic syndrome123 and childhood obesity. 124 The risk of 
childhood obesity in offspring of obese women persists even 
after adjustment for complications such as GDM . 125 In a large 
Scandinavian study, higher maternal BMI was associated with 
an increased risk of asthma. 126 Maternal obesity has also been 
linked to altered behavior in the offspring, including an increased 
risk of autism spectrum disorders, childhood developmental 
delay, and attention-deficit/hyperactivity disorder. 127 However, 
as compelling as these data may seem, it is impossible in these 
observational studies to separate other prenatal and postnatal 
influences from obesity on outcomes in the offspring. Socioeco
nomic issues, behavior, activity, and diet within families often 
are not adjusted for the analysis of metabolic outcomes in the 
offspring of obese women, and thus the potential for confound
ing remains. 128

OTHER CONSIDERATIONS 
Facilities
Several adaptations of the facility are needed for the obese 
patient in both inpatient and outpatient settings. In the outpa
tient setting, common requirements include large chairs and 
examining tables capable o f supporting weights up to 500 to 
750 lb, large blood pressure cuffs capable o f extending 
around 80%  o f the arm circumference, and large wheel
chairs.129 An increase in equipment size necessitates increased 
storage space and more staff to safely assist patients.

In labor and delivery units, birthing beds must be capable 
of supporting vaginal delivery with appropriate monitoring 
equipment. Because o f the increased possibility o f emergency 
cesarean delivery in obese women, doorways and hallways 
require enough space to accommodate large beds and addi
tional staff moving patients safely. In the operating room, 
motorized lifts to assist obese patient onto the operating table130 

and sufficient space to allow staff to move safely and efficiently 
are necessary. 2 Operating tables need to be strong enough 
to safely support patients with weights up to 500 to 750 lb 
and should have attachments to increase the width of tables. 
Although no consensus has been reached in regard to the optimal 
positioning of the obese patient at the time of cesarean deliv
ery, 111 operating tables should be able to accommodate various 
positions to the satisfaction of anesthesia and obstetric staff. 
Long instruments are also necessary to facilitate the surgeon’s 
access to the proper tissue planes. Finally, consideration should 
be given to practice drills for staff to safely prepare for emergency 
cesarean delivery of the obese patient, particularly for those with 
a BMI greater than 40.

KEY POINTS

Behavioral modification of diet or diet plus exercise can 
decrease excessive gestational weight gain in obese 
women.
Weight gain in pregnancy should be based on pregravid 
BMI and should follow the IOM recommendations. 
Obese women should be counseled as to the limitation 
of ultrasound in identifying structural anomalies.
At the first prenatal visit, obese women should be 
screened for glucose intolerance.
Antenatal fetal surveillance is not recommended 
for obese women without other maternal or fetal 
indications.
Obese women should be counseled about the increased 
risk of cesarean delivery for obese, compared with 
normal-weight, women.
Closure of subcutaneous tissue greater than 2  cm, but 
not placement of subcutaneous drains, decreases the risk 
of postpartum cesarean wound complications. 
Excessive gestational weight gain is a significant risk 
factor for postpartum weight retention.
Behavioral interventions that use diet and/or diet and 
exercise can improve postpartum weight reduction but 
not exercise alone.
Because of the increase in plasma volume in obese 
women, consideration should be given to increase the 
bolus of preepidural intravenous fluid and dosage of 
prophylactic antibiotics for cesarean delivery.
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Thyroid and Parathyroid 
Diseases in Pregnancy
JORGE H. MESTMAN

Parathyroid Diseases 911
Calcium Homeostasis During 

Pregnancy 911 
Hyperparathyroidism 911 

Hypercalcemia 912 
Hypoparathyroidism 914 
Pseudohypoparathyroidism 914 
Vitamin D Deficiency 915 
Osteoporosis 915 
Thyroid Diseases 916 
Thyroid Function Tests 916 
Prepregnancy Counseling 918

Maternal-Placental-Fetal 
Interactions 918 

Hyperthyroidism 918 
Gestational Hyperthyroidism 918 
Transient Hyperthyroidism of 

Hyperemesis Gravidarum 918 
Graves Disease 920 
Treatm ent of Thyroid Storm 924 
Fetal Hyperthyroidism 925 
Neonatal Hyperthyroidism 926 
Neonatal Central Hypothyroidism 926

Resistance to Thyroid Hormone 
Syndrome 926 

Hypothyroidism 926 
Single Nodule of the Thyroid 

Gland 931 
Patients W ith Known Thyroid Cancer 

Before Pregnancy 933 
Postpartum Thyroid Dysfunction 933

KEY ABBREVIATIO NS

1,25-dihydroxyvitam in D 1,25[OH]2D3 Parathyroid horm one-re la ted PTHrP
Am erican Association o f Clinical AACE protein

Endocrinologists Postpartum  thy ro id itis PPT
Am erican College o f Obstetricians ACOG Pregnancy and lac ta tion- PLO

and Gynecologists associated osteoporosis
Am erican Thyro id  Association ATA Prim ary hyperparathyro id ism PHPT
A n tith yro g lo bu lin  antibody TgAb Propylth iouracil PTU
A ntithyro id  drug ATD Subclin ical hypo thyro id ism SCH
Carbimazole CMZ T hyro id -b ind ing  inh ib ito r TBI
Endocrine Society ES T hyro id -b ind ing  inh ib ito r TBII
Familial hypocalciuric FHH im m unog lobu lin

hypercalcem ia Thyro id -receptor antibody TRAb
Familial isolated prim ary FIHPT Thyro id  function  test TFT

hyperparathyro id ism Thyro id  peroxidase TPO
Fine-needle aspiration b iopsy FNAB Thyro id  peroxidase antibody TPOAb
Free thyroxine FT„ T hyro id -stim u la ting  horm one TSH
Free thyrox ine  index FT4I T hyro id -stim u la ting TSI
Free triiodo thyron ine f t 3 im m unog lobu lin
Free triiodo thyron ine  index f t 3i Thyro id  s tim u la tion -b lock ing TSBA
Human chorion ic gonadotropin hCG antibody
Hyperemesis gravidarum HG Thyrotropin-re leasing horm one TRH
Im m unog lobu lin  G igG Thyroxine T4

Intelligence quotient IQ Thyroxine-b ind ing  g lobu lin TBG
Intrauterine g row th  restriction IUGR Total tr iiodo thyron ine t t 3
Levothyroxine L-thyroxine Total thyrox ine t t 4
M ethim azole MMI T riiodo thyron ine t 3
Neonatal severe prim ary NSPHPT Thyro id -s tim u la ting  horm one TRAb, TSHRAb

hyperparathyroid ism receptor antibody
Parathyroid horm one PTH
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Chapter 42 Thyroid and Parathyroid Diseases in Pregnancy 911

Along with diabetes mellitus, thyroid diseases are the most fre
quent endocrine pathology seen in pregnancy; parathyroid dis
eases, on the other hand, are rare but may present a diagnostic 
and therapeutic challenge to the obstetrician. The obstetrician 
should be aware of the symptoms and signs of the particular 
disease, the effect of pregnancy on the interpretation of endo
crine tests, and the transfer of hormones and medications across 
the placenta with potential complications for the fetus and 
neonate. It is imperative that a team approach be used in the 
management of these conditions; the close cooperation o f the 
obstetrician, endocrinologist, neonatologist, pediatric endo
crinologist, and anesthesiologist well in advance o f the deliv
ery time will offer the patient the best maternal and perinatal 
outcomes.

PARATHYROID DISEASES
Although uncommon in pregnancy, parathyroid diseases may 
produce significant perinatal and maternal morbidity and mor
tality if  not diagnosed and properly managed.

Calcium Homeostasis During Pregnancy
Parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D 
(l,25 [O H ]2D3) are responsible for maintaining calcium homeo
stasis. About 50% o f serum calcium is protein bound, mostly 
to albumin; 10%  is complexed to anions; and 40%  circulates 
free as ionized calcium. During pregnancy, active transfer of 
maternal calcium to the fetus occurs. A full-term infant 
requires 25 to 30 g of calcium during the course of pregnancy 
for new bone mineralization, most of it in the third trimester.

Total serum calcium during gestation is 8 % below postpartum 
levels. 1 Ionized calcium levels, however, remain unchanged 
throughout gestation. Serum phosphate and renal tubular re
absorption of phosphorus also remain normal throughout preg
nancy. Maternal serum PTH levels are slightly decreased in the 
first half of pregnancy (about 2 0 % of the mean nonpregnant 
values) but return to normal by midgestation .2

Blood levels of l,25 (O H )2D3 (calcitriol), the active metabo
lite of vitamin D, increase early in gestation to twice the non
pregnancy level in the third trimester. This increase comes 
as a result of stimulation of maternal renal 1 a-hydroxylase 
activity by estrogen, placental lactogen, and PTH as well as 
synthesis of calcitriol by the placenta. Also, 24-hour urinary 
calcium excretion increases with each trimester of gestation 
and decreases in the postpartum period ,2 which reflects the 
increased intestinal calcium absorption induced by higher levels 
of 1,25-hydroxyvitamin D during gestation.

Parathyroid hormone-related protein (PTHrP), a peptide 
responsible for the hypercalcemia found in many malignant 
tumors, increases in early pregnancy. The source of maternal 
serum PTHrP is multiple, and both fetal and maternal sites have 
been postulated (placenta, myometrium, amnion, decidua, fetal 
parathyroid glands, breast, umbilical cord). PTHrP increases
1 a-hydroxylase activity with an increase in l,25 (O H 2)D3; in 
addition, PTHrP plays a role in placental calcium transport and 
may also help protect the maternal skeleton during pregnancy.

Serum calcitonin levels are higher during pregnancy and in 
the postpartum period compared with nonpregnant controls.

Osteocalcin is a bone-specific protein released by osteoblasts 
into the circulation proportional to the rate of new bone forma
tion. Markers o f bone resorption increase during pregnancy 
and reach values in the last trimester o f pregnancy up to

twice the normal level. These changes are consistent with the 
increase in bone turnover at the time of maximal transfer of 
maternal calcium to the fetus.

After delivery, urinary calcium excretion is reduced; ionized 
serum calcium remains within normal limits; and total calcium,
1,25-hydroxyvitamin D, and serum PTH return to prepreg
nancy levels. Intestinal absorption of calcium decreases to the 
nonpregnant rate as a result of the previously mentioned return 
to normal levels of l,25(O H )2D3.' Early concern for calcium 
loss in lactating mothers, with the development of osteopenia, 
has not been confirmed, and extra calcium supplementation 
during breastfeeding appears to be unnecessary because 
calcium supplementation above normal does not significantly 
reduce the amount of lost bone during gestation .5 The alteration 
in calcium and bone metabolism that accompanies human lacta
tion represents a physiologic response that is independent of 
calcium intake.

Hyperparathyroidism
The prevalence of primary hyperparathyroidism (PHPT) is
0.5%. The incidence of the disease in pregnancy is unknown, 
but it is definitely rare, and most of the reported cases have been 
single ones complemented with a review of the literature. W ith 
the introduction of routine, automated techniques in clinical 
medicine and with early diagnosis, most patients with PHPT 
are symptom free, and their serum calcium elevation is mild. 
In nonpregnant PHPT patients, indications for surgery include 
(1) serum calcium greater than 1 mg/dL (>0.25 mmol/L) 
above the upper lim it of normal; (2 ) bone densitometry with 
a T  score of —2.5 or greater at the lumbar spine, total hip, 
femoral neck, or distal third of the radius; (3) vertebral fracture; 
(4) creatinine clearance below 60 mL/min; or (5) clinical signs 
and symptoms of a stone or visualization of a stone on imaging. It 
is estimated that 10% of PHPT patients have a mutation in one 
of 11 genes. They may occur as part of complex disorders, such 
as multiple endocrine neoplasia (MEN) syndromes 1 through 
4 ; as a familial disorder, familial isolated primary hyperpara
thyroidism (FIHPT); in the syndrome of familial hypocalciuric 
hypercalcemia (FHH); and in the syndrome of neonatal severe 
primary hyperparathyroidism (NSPHPT). In practice, genetic 
testing is indicated in cases of primary hyperparathyroidism 
( 1 ) in the presence of multigland disease, (2 ) in the very young 
(before pregnancy), (3 ) with parathyroid carcinoma or atypical 
adenoma, and (4) with a family history of hypercalcemia in first- 
degree relatives. Genetic testing is expensive; therefore patients 
should be referred to genetic counselors, and appropriate tests 
should be performed by accredited centers.

The first case of PHPT during pregnancy was reported in 
1931. Shortly thereafter, the first case of neonatal hypocalcemia 
to cause tetany in a mother with undiagnosed hypercalcemia due 
to hyperparathyroidism was described by Friderichsen. The most 
common cause o f PHPT in pregnancy is a single parathyroid 
adenoma, which is present in about 80%  o f all cases. Primary 
hyperplasia of the four parathyroid glands accounts for about 
15% of the cases reported, 3% are due to multiple adenomas, 
and only a few cases due to parathyroid carcinoma have been 
reported in the English literature. In 1962, Ludwig reviewed the 
literature on the subject and described 2 1  women with 40 preg
nancies: the incidence of fetal wastage was 27.5% ; and neonatal 
tetany as a result of hypocalcemia, representing the first indica
tion of maternal hyperparathyroidism, occurred in 19% of these 
cases. In contrast to the previous high neonatal morbidity and
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912 Section VI Pregnancy and Coexisting Disease

mortality, reviewing the literature from 1976 to 1990, Kelly3 

found only two perinatal deaths (5%) among 37 infants born 
of hyperparathyroid mothers. Two additional cases of perinatal 
deaths were reported in mothers with hypercalcemic crisis.

In the nonpregnant state, almost 70%  o f patients are 
symptom free, and the diagnosis is made through the routine 
use o f biochemical screening. In pregnancy, because routine 
calcium determinations are not routinely performed, mani
festations o f the disease are present in almost 70%  o f the 
diagnosed patients. In a review of 70 pregnant women, gas
trointestinal symptoms such as nausea, vomiting, and anorexia 
were present in 36% of patients, whereas 34% presented with 
weakness and fatigue. In 26%, mental symptoms that included 
headaches, lethargy, agitation, emotional lability, confusion, 
and inappropriate behavior were reported. Nephrolithiasis was 
detected in 36%, bone disease in 19%, acute pancreatitis in 
13%, and hypertension in 10%. Only 24% of these patients 
were symptom free.

Parathyroid cancer is a rare cause of hyperparathyroidism, 
with very few cases documented in pregnancy. Serum calcium 
levels are significantly higher than in other cases of PHPT, and 
perinatal mortality and morbidity are significant. Hypercalcemia 
with values above 13 mg/dL in the presence of a palpable neck 
mass should raise a strong suspicion of parathyroid carcinoma. 
On the contrary, in the presence of mild hypercalcemia and a 
neck mass, the most common cause of the neck lesion is a 
thyroid nodule. One other clinical feature of parathyroid carci
noma is poor response to the usual clinical therapeutic measures 
such as intensive hydration and loop diuretics. Surgery is the 
only effective therapy.

Hyperparathyroidism should be considered in the differ
ential diagnosis o f acute pancreatitis during pregnancy, 
which has been reported in 13% of women with primary hyper
parathyroidism. The incidence of acute pancreatitis in nonpreg
nant hyperparathyroid women is about 1 .5 % and is less than 
1% in normal pregnancy. It is mostly likely to occur during the 
last trimester of pregnancy or the postpartum period but has 
also been reported in the first trimester of pregnancy, mimicking 
hyperemesis gravidarum (HG). Serum calcium should be 
obtained in any pregnant woman with persistent significant 
nausea, vomiting, and abdominal pain.

Hyperparathyroid crisis, a serious complication of PHPT, has 
been reported during gestation and the postpartum period and 
is characterized by severe nausea and vomiting, generalized 
weakness, changes in mental status, and severe dehydration. 
Hypertension may be present and should be differentiated from 
preeclampsia. The serum calcium level is frequently higher than 
14 mg/dL; hypokalemia and elevation in serum creatinine are 
routinely seen. If not recognized and treated promptly, hyper
parathyroid crisis may progress to uremia, coma, and death. O f 
the 1 2  cases reported in the literature, four occurred in the 
postpartum period. Patients presented with severe nausea, vom
iting, and elevation in serum creatinine due to dehydration. 
Serum calcium levels higher than 20 mg/dL were reported in 
three cases, and three patients died. In addition, six cases have 
been associated with pancreatitis, and four fetal deaths have also 
been reported.

Bone disease in patients with PHPT is now unusual, but
in early series, it was a common complication. Radiologic evalu
ation of the bones showed diffuse demineralization, subperios
teal resorption of the phalanges, and in severe cases, single or 
multiple cystic lesions and generalized osteoporosis.

Shani and associates reported4 five cases of excessive amniotic 
fluid in mothers with PHPT and serum calcium levels between
11.3 and 14 mg/dL. The authors suggested that the fetal poly
uria was, similar to adult polyuria, a common finding in patients 
with hyperparathyroidism.

The two most common causes o f neonatal morbidity are 
prematurity and neonatal hypocalcemia, and the latter is 
related to levels o f maternal hypercalcemia. In early reports, 
it was often the only clue of maternal hyperparathyroidism. 
Neonatal hypocalcemia develops between the second and four
teenth day of life and lasts for a few days.

Preeclampsia has been reported in some cases of PHPT. 
Hultin and coworkers examined whether parathyroid adenoma, 
the main cause of hyperparathyroidism, diagnosed and treated 
before pregnancy is associated with preeclampsia. They reviewed 
the records of 52 women, between 1973 and 1997 with the 
diagnosis of parathyroid adenoma confirmed by surgery and 
compared them with 519 women without the disease, all of 
whom had a subsequent singleton pregnancy. They concluded 
that PHPT due to a single adenoma diagnosed and treated 
before delivery is significantly associated with preeclampsia 
(adjusted odds ratio [aOR], 6.89; 95% confidence interval [CI], 
2.30 to 20.58; /*<.0001). Therefore treated PHPT should be 
considered a risk factor for preeclampsia in future pregnancies.

The clinical manifestations of PHPT and pregnancy 
complications— maternal, fetal, and neonatal— are directly 
related to the serum calcium level. Dochez and Ducarme reviewed
34 published articles in English and French on the characteristics 
of PHPT, clinical presentations, pregnancy complications, birth 
outcomes, and management of PHPT during pregnancy. They 
emphasized the need to rule out FHH and hereditary syndromes 
such as multiple endocrine neoplasia syndrome (MEN-1 or 
MEN-2) and familial parathyroid hyperplasia., Nephrolithiasis 
was the most common finding in symptomatic patients during 
pregnancy; other maternal complications include depression, 
constipation, bone fracture, maternal heart rhythm disorders, 
pancreatitis, parathyroid crisis, and HG. Maternal hypertension 
and preeclampsia were observed in 25% of these patients.

The diagnosis o f PHPT is based on persistent hypercalce
mia in the presence o f increased PTH or a PTH level inap
propriate for the level o f serum calcium.' In pregnancy, 
because of the presence of hypoalbuminemia, a persistent total 
serum calcium value higher than 9.5 mg/dL is suspicious for 
hypercalcemia. A determination of 24-hour urinary calcium 
excretion is helpful in the diagnosis, because most women with 
PHPT have an increase in urinary calcium excretion above the 
usual hypercalciuria of normal pregnancy. Urinary calcium 
excretion is low or low normal in the syndrome of familial 
hypocalciuric hypercalcemia (FHH), another cause of hypercal
cemia that must be included in the differential diagnosis. The 
serum alkaline phosphatase level may be increased in PHPT. 
However, it is also increased in normal pregnancy. Ultrasonog
raphy o f the neck is the current first-line investigation during 
pregnancy for localization o f parathyroid diseases, with a 
sensitivity o f 69%  and a specificity o f 94%  in experienced 
hands. Parathyroid contrast imaging studies are contraindi
cated in pregnancy.

Hypercalcemia 
Differential Diagnosis
Although most young women with hypercalcemia have 
PHPT, other unusual causes should be ruled out, mainly
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Chapter 42 Thyroid and Parathyroid Diseases in Pregnancy

BOX 42-1 CAUSES OF HYPERCALCEMIA IN PREGNANCY 
AND THE PUERPERIUM

H y p e rp a ra th y ro id is m  (m o s t c o m m o n )
Rare causes re la te d  to  p re g n a n c y

F a m ilia l h y p o c a lc iu r ic  h y p e rc a lc e m ia *
P o s tp a rtu m  h y p e rc a lc e m ia  in h y p o p a ra th y ro id is m  
P a ra th y ro id  h o rm o n e -re la te d  p ro te in  in d u ced

h y p e rc a lc e m ia  
O th e r causes n o t re la te d  to  p re g n a n c y  

M a lig n a n c y  
E n d o crin e

• T h y ro to x ic o s is
• A d re n a l in s u ffic ie n c y  

V ita m in  o ve rd o s e
• V ita m in  D
• V ita m in  A  

D rugs
• T h ia z id e  d iu re tic s
• L ith iu m  

G ra n u lo m a to u s  d isease
• S a rc o id o s is
• T u b e rc u lo s is
• F lis to p la sm o s is
• C o c c id io id o m y c o s is  

M ilk  a lka li s y n d ro m e
A cu te  and  c h ro n ic  rena l fa ilu re  
T o ta l p a re n te ra l n u tr it io n

From Mestman JH. Endocrine diseases in pregnancy. In Sciarra JJ, 
editor. G yn e co lo g y  a nd  O bstetrics. Philadelphia: Lippincott-Raven; 
1997:11.
♦D iffe ren t expression w ith significant neonatal manifestations.

endocrine disorders, vitamin D or A overdose, the use of 
thiazide diuretics, or granulomatous diseases (Box 42-1). A 
brief discussion of three uncommon syndromes associated with 
hypercalcemia during pregnancy follows.

FHH is an autosomal-dominant condition with a high pen
etrance for hypercalcemia. The disorder is associated with an 
inactivating mutation in the gene for the calcium-sensing recep
tor. M ild hypercalcemia, a slight elevation in serum PTH, mild 
hypermagnesemia, and low urinary calcium excretion are the 
typical findings. Infants born to mothers with FHH may present 
with different clinical manifestations: ( 1 ) asymptomatic hyper
calcemia can develop in an affected offspring if the mother is 
a carrier for FHH, (2) severe neonatal hypocalcemia can return 
to normal a few weeks after delivery, or (3) severe neonatal 
hypercalcemia can occur in infants homozygous for the FHH 
gene defect.

Postpartum hypercalcemia can occur in women with treated 
hypoparathyroidism, and the mechanism for hypercalcemia is 
not well understood. Nausea and vomiting develop a few days 
after delivery; therefore patients with treated hypoparathyroid
ism should be followed postpartum with serum calcium determi
nations, and vitamin D should be discontinued if hypercalcemia 
occurs. In severe cases, intravenous fluids and glucocorticoid 
therapy are required (Fig. 42-1).

A few cases of hypercalcemia mediated by PTHrP during 
pregnancy and postpartum have been reported. In one case, 
hypercalcemia developed in two successive pregnancies. In the 
second pregnancy, serum PTHrP levels were elevated to three 
times normal, and the infant was born with m ild hypercalcemia 
that returned to normal within 24 hours after delivery. In a 
second case, a 25-year-old woman had massive bilateral breast

I.V. fluids 
furosemide

v b Days postpartum
gestation

«•Serum calcium mg/dL 
-*-Serum creatinine mg/dL

FIG 42-1 Serum calcium (triangles) and creatinine (squares) levels 
during pregnancy and 1 month after delivery in a woman with hypo
parathyroidism who was treated with vitamin D and calcium. Normal 
range indicated by green shading.

enlargement at 24 weeks’ gestation. Her serum calcium level was
14.3 mg/dL, but her serum PTH level was undetectable. She 
underwent bilateral mastectomy during pregnancy. The immu- 
nohistochemical studies demonstrated PTI IrP antigenic activity 
in breast tissue.

Therapy
Surgery is the only effective treatment for PHPT, and the
procedure is safe when performed by a surgeon with extensive 
experience in neck surgery.6 The cure rate is excellent, and com
plications due to surgery are low, particularly in the presence of 
a single lesion. Improvements in the outcome of surgery and 
avoidance of intraoperative and postoperative complications 
include ( 1 ) preoperative parathyroid adenoma localization by 
ultrasonography, (2 ) m inimally invasive parathyroidectomy 
techniques, (3) intraoperative PHPT monitoring to confirm 
successful surgery, and (4) detection and management of post
partum hypocalcemia.

Although guidelines for the management of PHPT in non
pregnant individuals have been suggested, the proper medical 
management of PHPT in pregnancy has not been uniformly 
agreed on. For asymptomatic pregnant women in whom serum 
calcium is not greater than 1 mg above normal range, close 
follow-up with proper hydration and avoidance of medica
tions that could elevate calcium, such as thiazide diuretics, is 
reasonable. Because most of the neonatal complications have 
been reported in patients with symptomatic disease, a surgical 
approach is indicated in such patients and in those with com
plications such as nephrolithiasis, bone disease, and persistent 
hypercalcemia (>1 mg above the normal range). It is preferable 
to perform the surgery in the second trimester o f pregnancy.
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914 Section VI Pregnancy and Coexisting Disease

In a series reported by Carella and Gossain, 38 women under
went parathyroidectomy during pregnancy, seven during the 
first trimester and 18 in the second trimester. In the total group 
of 25, there was only one fetal loss. In 12 women in whom 
surgery was performed during the third trimester of pregnancy, 
the incidence of perinatal complications was 58%. For women 
with PHP first diagnosed after 28 weeks’ gestation, the optimal 
treatment strategy is unclear, and the decision in such a situation 
should be based on the general condition of the patient, severity 
of hypercalcemia, and other complicating circumstances. A sig
nificantly lower incidence of complications, both maternal and 
fetal, was reported in a review of 16 published cases of patients 
operated on after 27 weeks’ gestation.

Medical therapy is reserved for patients with significant 
hypercalcemia who are not surgical candidates. Oral phos
phate therapy of 1.5 to 2.5 g/day has been shown to be effective 
in controlling hypercalcemia. Good hydration, early treatment 
of urinary tract infections, and avoidance of supplements and 
medications known to cause elevations in serum calcium—such 
as vitamin D, vitamin A, aminophylline, and thiazide diuretics— 
are all important therapeutic measures. Serum calcium should 
be determined on a regular basis. A novel oral agent that acts 
directly on the calcium sensor, cinacalcet hydrochloride, has 
been used in isolated cases. It reduces serum calcium in combi
nation with calcitonin .7

In patients undergoing surgical treatment, hypocalcemia—  
albeit transient— may occur after surgery in some cases. 
Therefore serum calcium should be checked every 6  hours, and 
if  the patient develops hypocalcemic symptoms, intravenous 
(IV) calcium in the form of calcium gluconate (1 to 2 g of 
calcium-gluconate, equivalent to 90 to 180 mg elemental 
calcium, in 50 mL of 5% dextrose) can be infused over 10 to 
20 minutes. Oral calcitriol 0.5 mg every 8 to 12 hours and oral 
calcium should be started when oral feeding is tolerated. In 
patients with bone disease, postsurgical hypocalcemia may be 
profound; therefore aggressive treatment is needed. These 
patients may benefit from vitamin D supplementation in the 
form of calcitriol, 0.25 to 0.5 (J.g/day, for a few days before 
operative intervention.

Hypoparathyroidism
The most common etiology o f hypoparathyroidism is damage 
to or removal o f the parathyroid glands in the course of 
surgery for thyroid gland pathology. The incidence of per
manent hypoparathyroidism after thyroid surgery has been 
estimated to be between 0.2% and 3.5%. In many cases, hypo
calcemia in the immediate postoperative period is only transi
tory Idiopathic hypoparathyroidism is much less common and 
is frequently associated with other autoimmune endocrinopa- 
thies as part of the polyglandular autoimmune syndrome type 1 .

The requirement for calcium supplementation and vitamin D 
may decrease in some women with hypoparathyroidism during 
the second half of pregnancy and lactation. In a few cases, 
hypocalcemic symptoms ameliorate with progression of preg
nancy. The explanation for these findings is not clear but may 
be related to the increased intestinal absorption of calcium and/ 
or the production of vitamin D by the placenta.

Clinical clues for the diagnosis of hypoparathyroidism include 
a previous history of thyroid surgery and clinical, radiologic, and 
laboratory information. Typical symptoms o f hypocalcemia 
are numbness and tingling o f the fingers and toes and around 
the lips. Patients may complain of carpopedal spasm, laryngeal

stridor, and dyspnea. Convulsions may be a manifestation of 
severe hypocalcemia. On physical examination, patients with 
idiopathic hypoparathyroidism demonstrate changes in the 
teeth, skin, nails, and hair as well as papilledema and cataracts. 
Chvostek sign, a twitch of the facial muscles— notably those of 
the upper lip—when a sharp tap is given over the facial nerve, 
is seen in many patients with hypocalcemia. Chvostek sign has 
also been described in 1 0 % of normal adults. Trousseau sign is 
another manifestation of hypocalcemia. It is the induction of 
spasm of the hand and forearm by reducing the circulation in 
the arm with a blood pressure cuff. The constriction should be 
maintained above the systolic blood pressure for 2  minutes 
before the test is considered negative.

The diagnosis o f hypoparathyroidism is confirmed by the 
presence o f persistent low serum calcium and high serum 
phosphate levels. Serum PTH is low in primary hypoparathy
roidism. The differential diagnosis of hypocalcemia includes 
rickets and osteomalacia.

Radiologic bone changes characterized by generalized 
skeletal demineralization, subperiosteal bone resorption, 
bowing o f the long bones, osteitis fibrosa cystica, and rib and 
limb deformities may be present in the newborn as a conse
quence o f intrauterine hyperparathyroidism. Loughead and 
colleagues8 described 16 infants of hypoparathyroid mothers, 
and secondary hyperparathyroidism in the infants resolved by 1 

month of age.
Treatment o f hypoparathyroidism in pregnancy does 

not differ from that in the nonpregnant state, including 
a normal high-calcium diet and vitamin D supplementation.
Normal calcium supplementation during pregnancy is about
1.2 g/day. Calcitriol, 1 to 3 |ig/day, is used almost routinely in 
most patients affected with hypoparathyroidism. Calcitriol must 
be given in divided doses because its half-life is much shorter 
than that of vitamin D. If vitamin D is used, the dose is in the 
range of 50,000 to 150,000 IU/wk. Vitamin D requirements 
may decrease in some patients by the second half of gestation. 
The importance of compliance with medications should be 
strongly emphasized, particularly when calcitriol is prescribed, 
in view of its short half-life. The major problem in the treatment 
of hypoparathyroidism is the recurrence of hypercalcemia and 
hypocalcemia; therefore serum calcium determinations should 
be performed at regular intervals.

Lactation in mothers taking vitamin D may be contraindi
cated because a metabolite of vitamin D, 25-hydroxyvitamin D, 
has been detected in breast m ilk in high concentration in a 
mother taking 50,000 ILF of vitamin D daily. Regardless of the 
form of vitamin D prescribed, serum calcium determinations 
should be done in the postpartum period, particularly in breast
feeding mothers.

Pseudohypoparathyroidism
Pseudohypoparathyroidism encompasses several different disor
ders, having as a common feature varying degrees of target-organ 
resistance to PTH. In some forms of the syndrome, somatic 
changes are present that include short stature, obesity, a round 
face, brachydactyly, and mental retardation with brain calcifica
tions. This variant is known as Albright syndrome type la. Most 
patients suffer from hypocalcemia due to a derangement of renal
1 a-hydroxylase and production of calcitriol, and a few cases 
have been reported during pregnancy. Infants are at risk for 
intrauterine fetal hyperparathyroidism, perhaps because of the 
relative maternal hypocalcemia during pregnancy.
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Vitamin D Deficiency
Classically, vitamin D deficiency was related to the development 
of rickets, with its subsequent impact on obstetric care. Defor
mities of weight-bearing bones, including the pelvis, prevented 
vaginal delivery in mothers affected by the disease.9 In recent 
years, however, conflicting results have been published on the 
potential deleterious effect of vitamin D deficiency in a variety 
of medical problems from autoimmune disease to cancer. Several 
reviews on obstetric, fetal, and neonatal outcomes have been 
reported.9 The normal reference range values for serum vitamin 
D (25[O H]D ), the active metabolite of vitamin D, are contro
versial, with values varying between 20 and 40 ng/mL, equiva
lent to 50 to 100 nmol/L.

M any studies in the past few years had linked low maternal 
25(OH)D levels with maternal, fetal, and neonatal complica
tions. In a report from Amsterdam, mothers with singleton 
pregnancies and serum 25(OH)D levels below 29.9 nmol/L 
(12 ng/mL) had infants with a lower birthweight and a higher 
incidence of growth restriction than mothers with values of 
over 50 nmol/L (20 ng/mL). Hart and colleagues examined 
the relationship between maternal vitamin D deficiency at 18 
weeks’ gestation and long-term health outcomes in 901 mother- 
offspring pairs in Perth, Western Australia. The incidence of 
serum 25(OH)D deficiency (<50 nmol/L [<20 ng/mL]) was 
present in 36% of the pregnant women. After adjusting for 
relevant covariates, women with vitamin D deficiency had chil
dren with impaired lung development at age 6 , neurocognitive 
deficiencies at age 1 0 , increased risk of eating disorders in ado
lescence, and lower peak bone mass at age 2 0 .

Recent systemic reviews and meta-analyses of observational 
studies and randomized controlled trials (RCTs) have failed to 
corroborate earlier observations. Theodoratou and colleagues10 

concluded that despite a few hundred systematic reviews and 
meta-analyses, highly convincing evidence for a clear role of 
vitamin D does not exist for any outcome, but associations with 
a selection of outcomes are probable. De-Regil and colleagues11 

reviewed six small trials with a total of 1023 women and com
pared five studies with vitamin D supplementation versus no 
treatment or placebo. The authors concluded that the use of 
vitamin D supplements during pregnancy improves vitamin 
concentrations as measured by 25-hydroxyvitamin D at term. 
However, the clinical significance of this finding has yet to be 
determined because quality evidence related to the clinical ben
efits of vitamin supplementation during pregnancy is insuffi
cient. It is apparent that more studies are needed, preferably an 
RCT to understand the interrelationship with other factors such 
as age, ethnicity, seasonal variation, BMI, medical diseases, ges
tational age, and so on. Further studies on serum PTH and its 
relationship to serum vitamin D may be warranted. In the 
meantime, the practicing obstetrician will have to decide for 
each individual patient whether determination of 25(OH)D 
levels is indicated, what the normal values for pregnancy are, 
whether they are trimester specific, what the proper treatment 
should be, and how often the test needs to be repeated in preg
nancy; this must be done also taking into consideration the cost 
of the tests and the possible implications for the fetus and 
newborn.

In 2010, the Institute of Medicine (IOM ) 12 reviewed nearly 
1 0 0 0  published studies that included reports of protection from 
cancer, autoimmune disease, heart disease, and diabetes with 
vitamin D supplementation. In brief, they recommended that 
the lower normal lim it for serum 25(OH)D should be “about”

20 ng/mL or 50 nmol/L. For women who are not pregnant, 
the authors o f the report recommend a daily vitamin D 
dietary allowance o f 600 IU with an upper limit intake o f 
4000 IU; for calcium, they recommended a 1000-mg dietary 
allowance and an upper limit intake o f 2500 mg a day. In 
the presence o f vitamin D insufficiency/deficiency, it is rea
sonable to normalize serum levels as early as possible, prefer
ably starting early in pregnancy. Detection o f women at risk 
for vitamin D deficiency by proper history seems reasonable 
until the results o f an RCT become available. Recent evidence 
suggests that vitamin D deficiency is common during pregnancy, 
especially among high-risk groups that include vegetarians, 
women with limited sun exposure (e.g., those who live in cold 
climates, reside in northern latitudes, or wear sun and winter 
protective clothing), and ethnic minorities, especially those with 
darker skin. For pregnant women thought to be at increased risk 
of vitamin D deficiency, maternal serum 25(OH)D levels can 
be considered and should be interpreted in the context of the 
individual clinical circumstance.

The American College o f Obstetricians and Gynecologists 
(ACOG) has stated, “At this time there is insufficient evi
dence to support a recommendation for screening all preg
nant women for vitamin D deficiency. For pregnant women 
thought to be at increased risk o f vitamin D deficiency, 
maternal serum 25(OH)D levels can be considered and 
should be interpreted in the context o f the individual clinical 
circumstance. When vitamin D deficiency is identified during 
pregnancy, most experts agree that 1000 to 2000 IU/day of 
vitamin D is safe.”

Osteoporosis
The condition of idiopathic osteoporosis related to pregnancy, 
pregnancy and lactation—associated osteoporosis (PLO), was recog
nized in the 1950s. In the past few years, interest has increased 
in several clinical aspects of osteoporosis in pregnancy and lacta
tion . 13 Although the prevalence is unknown, approximately 120 
cases have been reported. Another form of rare pregnancy- 
associated osteoporosis is called transient osteoporosis o f  pregnancy. 
It usually presents in the third trimester of pregnancy— 
sometimes with very severe pain while walking or standing, 
usually localized in the hip— and it sometimes leads to hip 
fracture, with complete recovery a few months postpartum. 
Preexisting secondary causes of osteoporosis such as vitamin D 
deficiency, celiac disease, anorexia nervosa, mastocytosis, and 
hyperparathyroidism or hyperthyroidism should always be con
sidered. Severe PLO may prompt screening for an underlying 
monogenetic bone disorder when associated with one of the 
following three features: ( 1 ) severely reduced bone density; (2 ) 
family history of osteoporosis or multiple fractures, joint hyper
mobility, blue sclerae, congenital blindness, or severely reduced 
vision; or (3 ) a history of fractures before pregnancy.

Although osteoporosis has been diagnosed during pregnancy, 
pregnancy unmasks low bone mass, it does not cause it. Postural 
changes during pregnancy, including increased lordosis, when 
superimposed on a small and transient decrease in bone mass 
may lead to pain and even fractures. In a study of 24 women 
with symptoms of bone pain for many years, 18 complained of 
back pain, 5 complained of hip pain, and 1 complained of ankle 
pain in late pregnancy and up to 8  months after delivery; radio
logic examination of the spine showed vertebral deformities in 
17, bone mass was measured in 2 1 , evidence of osteoporosis was 
found in 7, and 13 were osteopenic. The authors concluded that
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916 Section VI Pregnancy and Coexisting Disease

bone mass was probably low before pregnancy and that a tran
sient and slight decrease in bone mass during pregnancy could 
have weakened the bone further.

A recent study identified 78 cases with exposure to bisphos- 
phonates before conception or during pregnancy. Although it 
did not demonstrate serious adverse effects, cases of increased 
spontaneous abortions, shortened gestational age, low neonatal 
birthweight, and transient hypocalcemia of the newborn were 
reported. Etidronate appears to be the agent to use in women 
with severe disease who are planning pregnancy, although the 
drug should be stopped a few months before conception.

The impact of lactation on the progression of osteoporosis is 
controversial. It has been suggested that lactation by itself is not 
a determinant of bone mineral density. Although one investiga
tion reported that lactation for more than 8 months was associ
ated with greater bone mineral density at both the femoral neck 
and shaft, another study found that nursing for longer than 9 

months produced a greater decrease in bone mass than observed 
during the first 6 - to 9-month period of nursing. Given this 
controversy, the health care provider must decide whether ces
sation of lactation is advisable in the management of osteopo
rosis. Bolzetta and colleagues studied 752 women (mean age,
64.5 ± 9.3 years) of whom 23% reported vertebral osteoporotic 
fractures. The women with vertebral fractures had breastfed their 
infants for longer periods ( 1 1 . 8  ± 1 2 . 9  vs. 9 .3  ± 1 1 . 2  months, 
P = .03) and had more pregnancies (2.6 ± 2 . 2  vs. 2 . 2  ± 1.3, 
P= .002). Breastfeeding for more than 18 months was associated 
with a twofold risk of developing vertebral fractures (OR, 2.12; 
95% C l, 1.14 to 5.38; P=  .04), particularly in those without 
current or past use of drugs that positively affect bone. The 
authors concluded that an association exists between long 
periods of breastfeeding and vertebral fractures, which supports 
a role for lengthy lactation as a risk factor for osteoporotic frac
tures after menopause.

Heparin-associated osteoporosis has been reported during 
pregnancy that may be related to the total dose of heparin . 14 The 
authors concluded that heparin adversely affected bone 
density in about one third o f exposed patients.

THYROID DISEASES
Thyroid disorders in pregnancy present a unique opportunity 
for health care professionals to use a similar “team approach” 
that has successfully improved the care o f women with dia
betes mellitus. Because of changes in thyroid economy that 
occur early in pregnancy, it is imperative to advise women with 
chronic thyroid diseases to plan their pregnancies and contact 
their health care professionals before or as soon as the diagnosis 
of pregnancy is confirmed. Autoimmune thyroid disease occurs 
five to eight times more often in women than in men, and its 
course could be affected by the immunologic changes that occur 
in pregnancy and in the postpartum period . 15,16

In early pregnancy, the maternal thyroid gland is challenged 
with an increased demand for thyroid hormone secretion, due 
mainly to ( 1 ) the increase in thyroxine-binding globulin (TBG) 
secondary to the effect of estrogens on the liver; (2 ) the stimula
tory effect of human chorionic gonadotropin (hCG) on the 
thyroid-stimulating hormone (TSH) receptor; (3) high concen
trations of type 3 iodothyronine deiodinase (D3), which degrades 
thyroxine and triidothyronine to inactive compounds; and 
(4) the supply of iodine available to the thyroid gland. In the 
United States, the iodine content in the diet— although decreased

in past decades— appears to be insufficient in only about 1 0 % 
of pregnancies. The suggested total daily iodine ingestion for 
pregnant women is 229 (Xg/day, and for lactating women, it 
is 289 |Xg/day; prenatal vitamins should contain 150 |J.g of 
iodine in the form o f potassium iodine.1

The normal thyroid gland is able to compensate for the 
increase in thyroid hormone demands by increasing its secre
tion o f thyroid hormones and maintaining them within 
normal limits throughout gestation. However, in those situa
tions in which there is a subtle pathologic abnormality of the 
thyroid gland, such as chronic autoimmune thyroiditis, or in 
women on thyroid hormone replacement therapy, the normal 
increase in the production of thyroid hormones is not met. As 
a consequence, the pregnant woman could develop biochemical 
markers of hypothyroidism (i.e., an elevation in serum TSH).

Active secretion o f thyroid hormones by the fetal thyroid 
gland commences at about 18 weeks’ gestation, although 
iodine uptake by the fetal gland occurs between 10 and 14 
weeks.Ih Transfer o f thyroxine (T4) from mother to embryo 
occurs from early pregnancy. Maternal T 4 has been demon
strated in coelomic fluid at 6  weeks and in the fetal brain at 9 

weeks. Maternal transfer continues until delivery but only in 
significant amounts in the presence of fetal hypothyroidism. 
Thyroid hormone receptor gene expression has been shown in 
human fetal brain by 8 weeks’ gestation, which supports the 
important role of maternal thyroid hormone during the first 
trimester of human pregnancy in fetal brain development.

The levels of maternal thyroid hormone concentrations, both 
total thyroxine (TT4) and total triiodothyronine (TT3), increase 
from early pregnancy as the result of an elevation in TBG and 
a reduced peripheral TBG degradation rate. TBG reaches a 
plateau by 2 0  weeks’ gestation and remains unchanged until 
delivery. Despite these acute changes in total hormone concen
tration, the serum free fractions o f both T4 and T3 remain 
within normal limits, unless supply of iodine to the mother is 
decreased or abnormalities of the thyroid gland are present.

Human chorionic gonadotropin (hCG) is a weak thyroid 
stimulator that acts on the maternal thyroid gland TSH recep
tor; peak hCG values are reached by 9 to 12 weeks’ gestation. 
In situations in which there is a high production of hCG— 
such as in cases of multiple pregnancies, hydatidiform mole, 
and HG— serum free T 4 (FT4) concentrations rise to levels 
seen in thyrotoxicosis, with a transient suppression in serum 
TSH values.

Goiter is commonly seen in pregnancy in areas of iodine 
deficiency. However, in the United States and other areas of the 
world with sufficient iodine intake, the thyroid gland does not 
clinically increase in size during pregnancy. Therefore the detec
tion o f a goiter in pregnancy is an abnormal finding that 
needs careful evaluation. The most common cause of diffuse 
goiter is chronic autoimmune thyroiditis or Hashimoto thyroid
itis. Most patients are euthyroid, and the diagnosis is made by 
the determination of thyroid antibodies, m ainly thyroid peroxi
dase (TPO). Antibody concentration decreases during preg
nancy and increases in the postpartum period. High values in 
the first trimester of pregnancy are predictors of the syndrome 
of postpartum thyroid dysfunction.

Thyroid Function Tests
Measurement of serum TSH is the most practical, simple, and 
economic screening test for thyroid dysfunction . 19 Normal TSH 
concentrations, as well as serum FT4 and TT4 determinations,
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FIG 42-2 Algorithm for the interpretation of thyroid function tests in pregnancy. Serum thyroid-stimulating hormone (TSH) upper limit of normal 
in the first trimester of pregnancy is 2.5 m lll/L; in the second and third trimesters, it is 3 mIU/L. The serum TSH lower limit of normal in the 
first trimester of pregnancy may be as low as 0.1 mIU/L or may even be undetectable. Subclinical hyperthyroidism in the absence of TSH 
receptor antibodies (TSH RAbs) is a normal first-trimester physiologic finding. Presence of serum thyroid peroxidase (TPO) antibodies is consistent 
with a diagnosis of chronic thyroiditis. Presence of TSHRAb is consistent with the diagnosis of Graves disease. FT4, free thyroxine; FTJ, free 
thyroxine index.

are trimester specific and depend on iodine intake in a given 
population, ethnicity, and assay performance; serum TSH is 
lower in the first trimester compared with prepregnancy values 
and with the second and third trimester of pregnancy. An ele
vated serum TSH value is consistent with the diagnosis of 
primary hypothyroidism, whereas a low one, with few excep
tions, is a normal finding in the first trimester (Fig. 42-2) sec
ondary to the stimulatory effect of hCG on the thyroid gland 
TSH receptor. Significant clinical data19 support a serum TSH 
below 2.5 mIU/L in the first trimester, and less than 3.0 mIU/L 
in the second and third trimesters, as the upper lim it of normal.20 

However, studies from China, the United Kingdom, and India 
that have used a specific reference range for their populations 
reported TSH  reference ranges in the first trimester up to
4.5 mIU/L.21'23 Guidelines from the American Thyroid Associa
tion (ATA) and the Endocrine Society (ES) recommend the use 
of trimester-specific reference ranges for serum TSH and FT/, 
in a given population, and when not available, they recommend 
a serum TSH upper lim it of normal of 2.5 mIU/L in the first 
trimester and up to 3.0 mIU/L in the second and third trimes
ters, as noted above. Because most pregnant women present 
for their first obstetric visit after 6 weeks gestation, the upper 
serum TSH limit o f 2.5 mIU/L is reasonable for detection o f 
hypothyroidism.

A word of caution is required regarding the determination of 
FT4 levels in the different trimesters of pregnancy. A significant 
inconsistency is found in FT4 values in the second half of preg
nancy among the different immunoassays, as reported by com
mercial laboratories, because of both the methodology used and 
the variation in dietary iodine intake among the different popu
lations studied. FT4 values in the lower limits of normal, and 
even in the hypothyroid range, are not uncommonly seen in 
daily clinical practice, particularly in the third trimester of preg
nancy. Lee and colleagues24 compared the diagnostic perfor
mances of two different immunoassays to traditional approaches 
for estimating FT4 (total T 4 and FT4 index [FT4I]) relative to 
the physiologic TSH changes known to occur throughout preg
nancy. They studied euthyroid women who were negative for 
TPO antibody in the first, second, and third trimesters of gesta
tion. Control women were premenopausal nonpregnant women

matched for ethnicity. Serum T T 4, as expected, was elevated in 
all three trimesters, and serum FT4I was elevated in the first 
trimester compared with controls (P  <.05) and returned to the 
nonpregnant range in the second and third trimesters. In con
trast, FT4 values were either comparable or lower than controls 
as measured by two different immunoassays, and by the second 
and third trimesters, they were about 65% of controls. The 
authors concluded that TT 4 and FT4I retained an appropriate 
inverse relationship with serum TSH throughout pregnancy and 
appeared to provide a more reliable FT4 estimate than the FT4 

test. Because the determination of FT4 by the dialysis method— 
the gold standard for FT4 assessment—or the use of tandem 
mass spectrometry are not routinely available, the determination 
o fT T 4 adjusted by a factor of 1.5 for pregnant patients has been 
suggested.24 Therefore it is imperative for the practicing physi
cian to be familiar with the interpretation and significance of 
the thyroid tests as reported by a given commercial laboratory 

A suppressed serum TSH value and high concentrations of 
FT4 or FT4I is diagnostic of hyperthyroidism. However, in rare 
situations, hyperthyroidism may be diagnosed in the presence 
of suppressed TSH and normal concentrations of FT4, such as 
in the case of an autonomous thyroid nodule. In such cases, a 
serum T T 3 or free triiodothyronine index (FT3I) determination 
should be obtained.

Thyroid-Stimulating Hormone Receptor Antibodies
Graves disease is caused by direct stimulation of the thyroid epi
thelial cells by TSH receptor-stimulating antibodies (TSHRAbs, 
or TRAbs). H ighly sensitive and specific assays for detection of 
TRAbs are now commercially available that are very valuable 
in assessing fetal and neonatal risk in pregnancy, not only in 
women with active disease but also in those with a previous 
history of Graves hyperthyroidism, both in spontaneous remis
sion and after ablation therapy. TRAbs are also used in the dif
ferential diagnosis of hyperthyroidism, when the etiology is not 
clinically evident. Two methods are used for measuring TRAbs, 
competition-based assays (thyroid-binding inhibitor [TBI]- 
thyroid-binding inhibitor immunoglobulin [TBII] assays) or 
bioassays that detect cyclic adenosine monophosphate (cAMP) 
production (thyroid-stimulating immunoglobulin [TSI] assays).
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918 Section VI Pregnancy and Coexisting Disease

The specificity of TBI-TBII methods is lower because positive 
tests may be obtained in patients with chronic autoimmune 
(Hashimoto) thyroiditis who may have TRAbs with TSH 
receptor (TSHR)-blocking activity. Like all immunoglobulin G 
(IgG) molecules, TRAb crosses the placenta during pregnancy, 
and in significant titers— that is, over three times the reference 
range— it can stimulate the fetal thyroid gland and produce 
hyperthyroidism (TRAbs with stimulating function) or, rarely, 
hypothyroidism (TRAbs with blocking activity). Recently, pre
dictable levels for the development of fetal/neonatal hyperthy
roidism using second-generation TBI-TBII methods have been 
reported. This topic is discussed in the section on fetal and 
neonatal hyperthyroidism in this chapter.

Prepregnancy Counseling
The physician may be faced with different clinical situations 
when counseling a woman suffering from thyroid disease who 
is contemplating pregnancy:
1. Hyperthyroidism diagnosed “de novo” or under antithyroid drug 

(ATD) treatment. A choice of the three classic therapeutic 
options for hyperthyroidism treatment should be given:
(1) long-term ATD therapy, (2) radioactive iodine-131 (131I) 
ablation, or (3) near-total thyroidectomy. Potential side 
effects of ATDs on the fetus should be discussed with the 
future parents. I31I ablation therapy should be avoided in 
patients with positive TRAb titers because serum levels 
increase following 131I therapy, and the effect persists for 
several years; fetuses whose mothers have titers above three 
times the normal level in the second half of pregnancy are 
at risk of fetal and neonatal hyperthyroidism. Surgery is 
another option selected by some physicians and patients con
cerned about the potential side effects of ATDs or radioactive 
treatment. Regardless o f the form o f therapy chosen, it is 
important for the patient to be euthyroid at the time of 
conception. In a large series of untreated hyperthyroid preg
nant women, a doubling in the incidence of congenital mal
formations was reported in the first trimester compared with 
euthyroid women.

2. Previous treatment with 1311 fo r  thyroid carcinoma. It is reason
able for patients treated with ablative doses of 131I to wait 6  

months to 1 year after completion of treatment before con
ception. Data obtained from 2673 pregnancies in patients 
treated for thyroid carcinoma but without significant external 
radiation to the ovaries were analyzed by Garsi and col
leagues, who found no evidence that exposure to radioiodine 
affects the outcome of subsequent pregnancies and offspring.

3. Treated hypothyroidism. Women under treatment with 
thyroid hormone usually require an increase in L-thyroxine 
dose soon after conception.126 The increase in require
ments is observed as early as the first 6  to 8 weeks after the 
last menstrual period. As soon as the diagnosis of pregnancy 
is made, thyroid function tests should be performed, and 
thyroid doses should be adjusted accordingly. It has been 
recommended to add two extra doses of L-thyroxine per week 
to the customary doses as soon as the diagnosis of pregnancy 
is confirmed until the results of thyroid function tests become 
available.26 Recently it was reported that in hypothyroid 
women (excluding those who underwent thyroidectomy 
because of thyroid cancer) on L-thyroixine replacement 
therapy, if  the serum TSH was below 1.3 mlU/L before 
conception, only 17% of women needed an increase in 
L-thyroxine in the first trimester of pregnancy compared with

58% of those with a serum TSH above 1.3 mIU/L.81 After 
delivery, the dose should be reduced to prepregnancy levels 
in most women. Common medications may affect the 
absorption of L-thyroxine, such as ferrous sulfate and calcium, 
among others. Patients should take L-thyroxine at least 2 
hours apart from other medications and 1 hour before or 
after food intake, ideally early in the morning on awakening 
and 1 hour before food ingestion. However, during preg
nancy, in those women affected by nausea or vomiting, the 
dose may be taken at bedtime on an empty stomach.

4. Euthyroid chronic thyroiditis. Patients with Hashimoto thy
roiditis are at a greater risk for developing hypothyroidism 
de novo early in pregnancy, spontaneous abortions, prema
turity, and postpartum thyroiditis .27

Maternal-Placental-Fetal Interactions
Studies over the past few decades have shown an important role 
of maternal thyroid hormones in embryogenesis. 18-28 Maternal 
T 4 crosses the placenta in the first half of pregnancy at a time 
when the fetal thyroid gland is not functional, and maternal 
TSH does not cross the placenta. Thyrotropin-releasing hormone 
(TRH) does cross the placental barrier, but its physiologic sig
nificance is unknown.

Methimazole (M M I), propylthiouracil (PTU), and carbima- 
zole (CM Z)— a drug that is metabolized to methimazole—do 
cross the placenta, may induce congenital malformations if  given 
early in pregnancy, and if given in inappropriately high doses 
may produce fetal goiter and hypothyroidism. Preparations that 
contain iodine given in large doses or for prolonged periods are 
contraindicated in pregnancy because accumulation by the fetal 
thyroid may induce goiter and hypothyroidism.

As mentioned above, TRAb crosses the placenta, and serum 
concentrations decrease with progression of pregnancy. However, 
its titers increase significantly in Graves hyperthyroidism after 
therapy with l31I.

Hyperthyroidism
Autoimmune hyperthyroidism affects pregnancy in about 0.1% 
to 0.4% of patients.29 Classically, it has been stated that Graves 
disease is the most common cause of hyperthyroxinemia in preg
nancy; other etiologies are uncommon (Box 42-2). As will be 
discussed subsequently, hyperthyroidism due to inappropriate 
secretion or action of hCG is recognized as the most common 
cause of transient hyperthyroidism in pregnancy.30 In our expe
rience, single toxic adenoma and multinodular toxic goiter are 
found in less than 10% of cases. Subacute thyroiditis is rarely 
seen during gestation.

Gestational Hyperthyroidism
Also known as gestational thyrotoxicosis, transient hyperthyroidism 
o f  hyperemesis gravidarum, and transient nonautoimmune hyper
thyroidism o f  early pregnancy, this condition is defined as tran
sient hyperthyroidism in the first trimester of pregnancy due, 
with few exceptions, to high titers of hCG secretion that stimu
late the TSH receptor. The most common causes of gestational 
hyperthyroidism are HG, multiple gestation, and hydatidiform 
mole. Other isolated reports included hyperplacentosis.

Transient Hyperthyroidism 
of Hyperemesis Gravidarum
Hyperemesis gravidarum (HG) is characterized by severe nausea 
and vomiting with onset between 4 and 8 weeks’ gestation that
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requires frequent visits to the emergency department and some
times repeated hospitalizations for IV hydration .31 Weight loss 
of at least 5 kg, ketonuria, abnormal liver function tests, and 
hypokalemia are common findings, depending on the severity 
of vomiting and dehydration. FT4 and TT 4 levels are elevated, 
sometimes up to four to six times the normal values, whereas 
TT3 and FT3 values are elevated in up to 40% of affected

BOX 42-2 CAUSES OF HYPERTHYROIDISM 
IN PREGNANCY

Immune Thyroid Disease

G raves d isease 
C h ro n ic  th y ro id it is  
S p o ra d ic  s ile n t th y ro id it is

Nonautoim m une Thyroid Disease

M u lt in o d u la r  g o ite r  
T o x ic  a d e n o m a  
S u b a cu te  th y ro id it is

Gestational Thyrotoxicosis

M u lt ip le  g e s ta tio n s  
N ausea and  v o m it in g  
H yp e re m e s is  g ra v id a ru m

• T ro p h o b la s tic  tu m o r
• H y d a tid ifo rm  m o le
• C h o rio c a rc in o m a

Iatrogenic
E xcessive  le v o th y ro x in e  in take

• O v e rtre a tm e n t
• F ac titio u s  

Io d in e  in d u ced

From Patil-Sisodia K, Mestman JH. Graves hyperthyroidism  and preg
nancy: a clinical update. E ndocr Pract. 2010;16:118-129.

women, although FT3 values are not as high as those of serum 
FT4 30 The T T 3/TT4 ratio is less than 20, compared with Graves 
hyperthyroidism, in which the ratio is more than 20. Serum 
TSH measured by a sensitive assay is consistently undetected or 
suppressed. Despite the significant biochemical hyperthy
roidism, signs and symptoms o f hypermetabolism are mild 
or absent. Patients may complain of mild palpitations and heat 
intolerance, but perspiration, proximal muscle weakness, and 
frequent bowel movements are rare. On physical examination, 
ophthalmopathy and goiter are absent, a mild tremor of the 
outstretched fingers is occasionally seen, and tachycardia may be 
present due in part to dehydration. Significant in the medical 
history is the lack of hyperthyroid symptoms before conception 
because most patients with Graves disease diagnosed for the first 
time during gestation give a history of hypermetabolic symp
toms that antedate conception. Spontaneous normalization of 
hyperthyroxinemia parallels the improvement in vomiting and 
weight gain, and most cases resolve spontaneously between 14 
and 2 0  weeks’ gestation, although persistence of hyperthyroid
ism beyond 2 0  weeks’ gestation has been reported in 15% to 
25% of cases. Suppressed serum TSH may lag for a few more 
weeks after normalization of free thyroid hormone levels (Fig. 
42-3). Antithyroid medications are not needed. In one series 
in which antithyroid medication was used, pregnancy outcome 
was not significantly different from that of a similar group of 
patients who received no therapy. Occasionally, severe vomiting 
and hyperthyroidism may require parenteral nutrition.

The degree of thyroid abnormalities is directly related to the 
severity of vomiting and weight loss. In 67 patients studied by 
Goodwin and colleagues,30 liver and electrolyte abnormalities 
were routinely found in women with worse symptoms, includ
ing severe vomiting, weight loss of at least 5 kg, and significant 
dehydration. They also presented with more significant eleva
tions in FT4 levels and suppression of serum TSH values; indeed, 
in 30% of their patients, serum TSH was undetectable (<0.04 
mIU/L). Those with a lesser degree of hyperemesis had a less 
severe disorder of thyroid function.

Weeks of gestation

FIG 42-3 A representative example of transient hyperthyroidism of hyperemesis gravidarum. By week 6, vomiting begins; it becomes severe by 
week 10. Serum free thyroxine index (FT4I) is elevated, and thyrotropin is suppressed. By weeks 16 to 18, vomiting subsides with marked 
improvement of the FT4I value. During this period, the patient loses 3.6 kg. By week 18, the serum FT4I returns to normal, but the serum 
thyrotropin remains suppressed until week 26. The patient improves and gains weight and delivers a healthy infant at term. The orange band 
indicates the reference range. LNMP, last normal menstrual period; TSH, thyroid-stimulating hormone.
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TABLE 42-1 DIAGNOSIS OF GRAVES HYPERTHYROIDISM VERSUS GESTATIONAL THYROTOXICOSIS

GRAVES HYPERTHYROIDISM GESTATIONAL THYROTOXICOSIS

Symptoms before pregnancy ++ -
Symptoms during pregnancy +/++ -/+
Nausea, vomiting -/+ +++
Goiter, ophthalmopathy + -
Thyroid receptor antibodies + -
Thyroid ultrasound Vascularity Normal

From Patil-Sisodia K, Mestman JH . Graves hyperthyroidism and pregnancy: a clinical update. Endocr Pract. 2010; 16:118-129. 
—, None; +, mild; -H-, severe.

Transient hyperthyroidism due to HG should be suspected 
in women who present in the first few weeks after conception 
with sudden onset o f severe nausea and vomiting and thyroid 
tests in the hyperthyroid range. These patients do not com
plain of hypermetabolic symptoms that antedate pregnancy, 
goiter is not detected by palpation, and symptoms or signs of 
tissue thyrotoxicosis are mild or absent. In addition, screens for 
thyroid anti-TPO antibodies and TRAbs, markers of autoim
mune thyroid disease, are negative. The differential diagnosis 
may also be difficult because vomiting can also be a presenting 
symptom of the hyperthyroidism of Graves disease (Table 42-1).

The cause of the elevations of thyroid hormones in patients 
with HG is the endocrine effect of hCG .32 Most likely, high 
levels of hCG— a known stimulator of the TSH receptor— play 
an important role, as does the prolongation in its biologic activ
ity seen in twin pregnancies. A significant, albeit weak, correla
tion has been found between the degree of thyroid stimulation 
and total hCG levels in normal women and in those with hyper
emesis. 52 Titers of more than 200,000 mlU/mL of hCG consis
tently bring serum TSH to undetectable values. A case has been 
reported in a mother and daughter with recurrent hyperemesis, 
in whom hCG levels were not elevated. Both were heterozygous 
for a missense mutation in the extracellular domain of the thyro
tropin receptor. The mutant receptor was more sensitive than the 
wild-type receptor to hCG, which accounted for the occurrence 
of hyperthyroidism despite the presence of normal hCG levels.

As noted previously, the diagnosis of transient hyperthyroid
ism of HG should be considered in women with severe vomit
ing, no clinical manifestations of Graves disease, biochemical 
evidence of hyperthyroidism in early pregnancy, suppressed or 
undetectable serum TSH values, and elevated serum FT4. 
Normal serum TSH in early pregnancy may be as low as 0.01 
mIU/L; therefore the presence of elevated serum FT/, is required 
for the diagnosis. Vomiting should be persistent and severe with 
a significant weight loss because most women with morning 
sickness of pregnancy have normal thyroid function tests. The 
syndrome may repeat in future pregnancies.

HG may also occur in women with Graves hyperthyroid
ism. It may occur during remission of the disease, explained 
by the additional action of hCG early in gestation; the dif
ferential diagnosis between the two entities may be difficult, 
but the presence o f TRAb favors the diagnosis o f Graves 
hyperthyroidism.”

Obstetric outcome is not affected by gestational hyperthy
roidism. Birthweight may be slightly lower, but not signifi
cantly different, compared with fetuses o f control mothers 
and is related to maternal weight loss.

Gestational trophoblastic diseases, partial and complete hyda
tidiform moles, and choriocarcinoma are other causes of hyper
thyroidism early in pregnancy.

BOX 42-3 POTENTIAL MATERNAL AND FETAL 
COMPLICATIONS OF GRAVES HYPERTHYROIDISM

MATERNAL FETAL

Miscarriage Low birthweight
Pregnancy-induced hypertension • Prematurity
Preterm delivery • Small for gestational age
Congestive heart failure • Intrauterine growth
Thyroid storm restriction
Placental abruption Stillbirth
Infection Thyroid dysfunction

• Fetal hyperthyroidism
• Fetal hypothyroidism
• Neonatal hyperthyroidism
• Neonatal goiter
• Neonatal central 

hypothyroidism

From Patil-Sisodia K, Mestman JH. Graves hyperthyroidism  and preg-
nancy: a clinical update. E n d ocr Pract. 2010;16:118-129.

Graves Disease
The natural course o f hyperthyroidism due to Graves disease 
in pregnancy is characterized by an exacerbation o f symp
toms in the first trimester and during the postpartum period 
and an amelioration o f symptoms in the second half o f preg
nancy. Stimulation of the thyroid gland by hCG in the first 
trimester and an elevation in TRAb values have been suggested 
as the cause of the exacerbation. Immunologic responses caused 
by changes in lymphocyte subsets could explain spontaneous 
improvement in the second half of pregnancy and recurrences 
in the postpartum period. In a study that compared Graves 
disease in pregnant and nonpregnant women, Kung and Jones 
postulated that the amelioration of symptoms seen with progres
sion of pregnancy was due to a decrease in the titers of TRAbs 
with stimulating activity and an increase in TRAbs with thyroid- 
blocking activity. The reverse was true in the postpartum period, 
when aggravation of Graves hyperthyroidism usually occurs. In 
another study, it was suggested that the amelioration of Graves 
disease in the last half of pregnancy is induced by a decrease of 
thyroid receptor antibodies (TRAbs, TSIs) but not by the 
appearance of thyroid stimulation-blocking antibodies (TSBAs).

When hyperthyroidism is properly managed throughout 
pregnancy, the outcome for mother and fetus is good; however, 
maternal and neonatal complications for mothers with untreated 
or poorly controlled hyperthyroidism are significantly increased 
(Box 42-3).34

In most patients in whom the diagnosis is made for the first 
time during pregnancy, hyperthyroid symptoms antedate con
ception. The clinical diagnosis of thyrotoxicosis may present
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difficulties during gestation because many symptoms and signs 
are commonly seen in normal pregnancy, such as mild palpita
tions, heart rate between 90 and 100 beats/min, mild heat 
intolerance, shortness of breath on exercise, and warm skin. 
However, some clinical clues increase the likelihood of the diag
nosis o f hyperthyroidism: presence of goiter, ophthalmopathy, 
proximal muscle weakness, tachycardia with a pulse rate of more 
than 1 0 0  beats/min, and weight loss or inability to gain weight 
despite a good appetite. Occasionally, the patient may be seen 
for the first time in congestive heart failure, and the etiologic 
diagnosis is difficult because many of the physical findings are 
suggestive of cardiac valvular disease, particularly mitral insuf
ficiency or stenosis. Hyperthyroidism under poor control is 
frequently complicated by preeclampsia, small-for-gestational- 
age (SGA) infants, and preterm delivery. The physician should 
suspect hyperthyroidism in the presence of systolic hypertension 
with an inappropriately low diastolic blood pressure and a wide 
pulse pressure, which is also seen in other conditions such as 
aortic insufficiency.

Classic symptoms of hyperthyroidism include nervousness, 
increased sweating, increased appetite, heat intolerance, insom
nia, proximal muscle weakness, irritability, changes in personal
ity, frequent bowel movements, decreased tolerance to exercise 
(sometimes manifested as shortness of breath), eye irritation, 
frequent lacrimation, pruritus, and weight loss. Not all symp
toms are present in a given patient; therefore the physician 
should be aware of subtle complaints, particularly in the pres
ence of weight loss or inability to gain weight. As mentioned 
previously, in the first trimester of pregnancy, differentiating the 
diagnosis from transient hyperthyroidism of HG presents a real 
challenge for the health care professional.

On physical examination, the thyroid gland is enlarged in 
almost every pregnant woman with Graves disease. Indeed, 
the absence of a goiter makes the diagnosis unlikely in young 
people. The gland is diffusely enlarged, between two and six 
times the normal size, and varies from soft to firm; sometimes 
it is irregular to palpation, with one lobe being more prominent 
than the other. A thrill may be felt or a bruit may be heard, indi
cations of a hyperdynamic circulation. Examination of the eyes 
may reveal obvious ophthalmopathy, but in most cases, exoph
thalmos is absent or mild, with one eye slightly more prominent 
than the other with retraction of the upper lid. Extraocular 
movements may be impaired on careful eye examination. Stare 
is common, as is injection or edema of the conjunctiva. Severe 
ophthalmopathy is rare in pregnancy; glucocorticoid therapy 
and surgical orbital wall decompression may be required to 
restore visual acuity. Pretibial myxedema is rare, seen in less 
than 10% of women. A hyperdynamic heart with a loud systolic 
murmur is a common finding. Proximal muscle weakness, fine 
tremor of the outstretched fingers, and hyperkinetic symptoms 
are seen frequently. The skin is warm and moist, and palmar 
erythema is accentuated.

As discussed previously (see Thyroid Function Tests), almost 
every patient with Graves disease will have an elevated FT4 

concentration. An undetected TSH value in the presence o f a 
high FT4i or FT4I or TT4 adjusted for pregnancy confirms 
the diagnosis o f hyperthyroidism.”1 In some unusual situa
tions, the serum FT4 may be at the upper lim it of normal or 
slightly elevated, in which case the determination of T T 3 or 
adjusted T T 3 w ill confirm the diagnosis of hyperthyroidism. 
Thyroid peroxidase antibodies (TPOAbs) or thyroid antimicro- 
somal antibodies, markers of thyroid autoimmune disease, are

elevated in most patients with Graves disease, although it is of 
no clinical relevance for the diagnosis; the titers ofTRAb, both 
TBII andTSI, are elevated, which confirms the clinical diagnosis 
of Graves hyperthyroidism, and their actual titers have a prog
nostic importance for fetal and neonatal hyperthyroidism (see 
later discussion).

Significant maternal and perinatal morbidity and mortality 
were reported in early studies of pregnancies complicated by 
hyperthyroidism. In the past 25 years, however, there has been 
a significant decrease in the incidence of maternal and fetal 
complications directly related to improved control of maternal 
hyperthyroidism (see Box 42-3).34 36 In patients whose hyper
thyroidism is poorly controlled, one of the most common mater
nal complications is pregnancy-induced hypertension (PIH). In 
women with uncontrolled hyperthyroidism, the risk for severe 
preeclampsia was five times greater than that in patients with 
controlled disease.34 Other complications include preterm deliv
ery, placental abruption, birthweight less than 2500 g, stillbirth, 
and miscarriage. Congestive heart failure may occur in women 
untreated or treated for a short period in the presence of PIH 
or operative delivery. Left ventricular dysfunction is usually 
detected by echocardiography in women with cardiovascular 
manifestations. Although these changes are reversible, they may 
persist for several weeks or months after achieving a euthyroid 
state. In one study, reduction in peripheral vascular resistance 
and higher cardiac output were still present despite normaliza
tion of T 4 levels. This is an important finding with significant 
clinical implications. Left ventricular decompensation in 
hyperthyroid pregnant women may develop in the presence 
o f superimposed preeclampsia, at the time o f delivery, or 
with undercurrent complications such as anemia or infec
tion. We have seen congestive heart failure in the first half of 
pregnancy in women with long-standing hyperthyroidism. It is 
likely that the aggravation of hyperthyroidism seen in the first 
part of pregnancy played an important role in the development 
of this complication. Careful monitoring of fluid administration 
is imperative in these situations. Thyroid storm has been observed 
in pregnancy and was reported 2  weeks postpartum in a woman 
whose hyperthyroidism was uncontrolled during pregnancy in 
association with multiorgan failure.

Fetal and neonatal complications are also related to mater
nal control o f hyperthyroidism. Intrauterine growth restric
tion (IUGR), prematurity, stillbirth, and neonatal morbidity 
are the most common complications. M illar and coworkers3'* 
demonstrated that uncontrolled hyperthyroidism during the 
entire gestation was associated with a ninefold greater incidence 
of low-birthweight (LBW) infants compared with the control 
population. The incidence of LBW infants was almost 2.5 times 
greater in those whose hyperthyroidism was treated during preg
nancy but who became euthyroid at some time during gestation. 
In mothers who achieved a euthyroid state before or early in 
pregnancy, the incidence of LBW infants was no different from 
that in the control population. Delivery of an SGA infant is 
correlated with the presence of maternal thyrotoxicosis lasting 
more than 30 weeks of pregnancy, a duration of Graves disease 
of approximately 10 years, and the onset of Graves disease before 
age 20 years. The reported incidences of spontaneous abortions 
(25.7%) and premature delivery (14.9%) in mothers who were 
hyperthyroid at the time of conception are higher than those 
in euthyroid mothers, 12.8% and 9.5%, respectively. Neona
tal central hypothyroidism has been reported in infants whose 
mothers remained hyperthyroid throughout their pregnancies.
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Weeks of gestation

FIG 42-4 A representative example of management of hyperthyroidism in pregnancy. The patient is hyperthyroid at time of conception on 
methimazole (MMI) 10 mg daily. When pregnancy is diagnosed, MMI is discontinued, and propylthiouracil (PTU) is added at a dosage of 150 mg 
three times daily. By the end of the first trimester, PTU is discontinued and MMI is given at a dosage of 20 mg daily. By week 20, the free 
thyroxine index (FT4I) is almost normal, and the MMI dosage is reduced to 10 mg. By week 26, the FT4I is in the upper reference range and 
thyrotropin remains suppressed; the MMI dosage is reduced to 5 mg daily. The FT4I remains in the upper reference range, and by week 34 
MMI is discontinued (D/C), and the patient remains euthyroid until delivery. The orange band indicates the reference range. LNMP, last normal 
menstrual period; TSH, thyroid-stimulating hormone.

M any of these infants recovered normal thyroid function in a 
few weeks, whereas another group had long-standing hypopitu- 
itary dysfunction .37

The use of ultrasonography for monitoring the size of the fetal 
thyroid gland as an indicator of thyroid dysfunction and possible 
need for therapeutic intervention was evaluated by Luton and 
associates in France.38 In a group of hyperthyroid women con
sidered to be at high risk (presence of TRAbs) and on antithy
roid therapy, fetal goiter was detected in 11 of 41 patients. Four 
fetuses were hyperthyroid, and seven were hypothyroid second
ary to high doses of maternal antithyroid drug treatment; all of 
them benefited from adjusting drug therapy. The authors con
cluded that ultrasonography of the fetal thyroid gland by an 
experienced ultrasonographer is an excellent diagnostic tool, in 
conjunction with close teamwork, to ensure normal fetal thyroid 
function.

Treatment of hyperthyroidism is essential to prevent mater
nal, fetal, and neonatal complications (Fig. 42-4). The goal of 
treatment is normalization o f thyroid tests as soon as possible 
and maintenance o f euthyroidism with the minimal amount 
o f antithyroid medication. Excessive amounts of ATDs cross
ing the placenta may affect the fetal thyroid, with the develop
ment of fetal hypothyroidism with or without goiter. Patients 
should be monitored at regular intervals, and the dose of their 
medications should be adjusted to keep the FT4 or FT4I o rT T 4 

very close to the upper lim it of the reference range for pregnancy, 
or just above it. Momotani and associates35 showed that fetal 
serum TSH was elevated even in mothers with FT4 within the 
normal range; furthermore, they demonstrated that normaliza
tion of maternal serum T T 3 is a risk factor for the development 
of fetal hypothyroidism, which supports the recommendations 
that serum TT 3 determination should rarely be used to assess 
maternal thyroid function during gestation.

To achieve a euthyroid state, and with the aim to keep the 
FT4 in the upper lim it of the nonpregnant reference range and 
even slightly above normal, thyroid tests should be performed

every 2  weeks at the beginning of treatment and every 2 to 4 
weeks when euthyroidism is achieved. Because of the immuno
logic changes that occur with the progression of pregnancy, the 
requirement for antithyroid medications decreases after the 
second half of gestation. Some women with small goiters, a short 
duration of symptoms, low serum TRAb titers, and taking 
minimal amounts of antithyroid medication are able to discon
tinue ATDs by 34 weeks’ gestation or beyond. It is estimated 
that 30% to 40% are able to remain euthyroid without antithy
roid therapy in the last few weeks of pregnancy.34'36

In a study of 44 women in 46 pregnancies, the correlation 
among TRAb activity, the dose of antithyroid therapy, and neo
natal outcome was studied .36 Medication was discontinued in 
30 pregnancies 3 to 18 weeks before delivery. Neonatal thyro
toxicosis was seen in four infants whose mothers’ TBII levels 
exceeded 70% (normal, <15%). Interestingly, of the infants 
born with elevated serum TSH, maternal TBII was less than 
30% in most, suggesting that in Graves disease—associated 
hyperthyroid pregnancies, a low TBII titer is an indication to 
use the minimal amount of antithyroid therapy to avoid the 
development of fetal hypothyroidism with or without goiter.

In the United States, the two available ATDs are PTU and 
M M I. Both drugs are effective in controlling symptoms. 
Recently, the risk for hepatic toxicity with PTU was revisited. 
An alarming number of deaths and cases requiring liver trans
plantation were noted (Box 42-4). M MI can also induce liver 
toxicity, but these effects are milder, confined to cholestasis, not 
associated with liver failure, and seen more frequently in patients 
older than 61 years. It is estimated that about 4000 pregnant 
women per year in the United States would be expected to be 
treated with ATDs, most of them with PTU, as recommended 
per previous practice guidelines. Taylor and Vaidya40 found six 
reported cases of PTU-induced liver failure; it has been esti
mated that four women per year will have severe PTU-related 
hepatic complications.3 1 Although the incidence o f both liver 
toxicity with PTU and embryopathy from MMI are very low,
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BOX 42-4 SIDE-EFFECT PROFILES OF METHIMAZOLE 
VERSUS PROPYLTHIOURACIL

METHIMAZOLE PROPYLTHIOURACIL

Skin rash 
Pruritus
Migratory polyarthritis 
Lupus-like syndrome 
Cholestatic jaundice 
Agranulocytosis 
Methimazole embryopathy

• Choanal atresia ± 
esophageal atresia

• Aplasia cutis
• Hearing loss
• Dysmorphic facial features
• Developmental delay
• Congenital cardiac 

malformations

From Patil-Sisodia K, Mestman JH. Graves hyperthyroidism  and preg
nancy: a clinical update. E ndocr Pract. 2010;16:118-129.

a panel convened by the U.S. Food and Drug Administration 
(FDA) and the ATA recommended the use o f PTU only in 
the first trimester o f pregnancy with a change to MMI in the 
second trimester (see Fig. 42-4).41 Other indications for the 
preferential use of PTU over M M I are drug allergy to M M I and 
in thyroid storm, because of the ability of PTU to inhibit 
peripheral conversion of T4 to T 3.

To our knowledge, no studies have shown PTU to be superior 
to M M I in the management of hyperthyroidism in pregnancy; 
both drugs have similar placental transfer kinetics. Furthermore, 
when the efficacies of both drugs were compared, euthyroidism 
was achieved equally with equivalent amounts of drugs and at 
the same weeks of treatment. Neonatal outcomes were no dif
ferent in both groups.

Aplasia cutis congenita, a localized lesion in the parietal area 
of the scalp characterized by congenital absence of the skin and 
a punched-out ulcer-like lesion, has occurred in a small group 
of infants born to mothers on M M I therapy. Only one case has 
been reported with the use of PTU. However, the incidence in 
the general population is 0.03%  of newborns.

Several studies have described a specific embryopathy in 
infants bom to mothers treated with M M I in the first trimester 
of pregnancy.42 This has been named methimazole embryopathy, 
and it includes choanal atresia (failure of the nasal passages to 
develop), tracheoesophageal fistula, esophageal atresia, ompha
locele, hypothelia and athelia (failure of the nipples to develop), 
minor dysmorphic features, and developmental delay. Very few 
cases have been described, and none with the use of PTU. The 
prevalence of these malformations in the general population is
1  in 2500 for esophageal atresia and 1 in 1 0 0 0  for choanal 
atresia. The doses of M M I were 5 to 50 mg/day in one study; 
in the second study, both affected mothers took more than 
20 mg/day. In an epidemiologic report, Barbero and associates4" 
described an OR of 18 (95% CI, 3 to 121) for choanal atresia 
among infants whose mothers received M M I in the first trimes
ter compared with the general population; however, the authors 
could not exclude the possibility that hyperthyroidism itself may 
be associated with this and other abnormalities. Recently, con
genital heart defects were reported in children whose mothers

were exposed to M M I with carbimazole (MMI—CMZ) early in 
pregnancy. In one study, echocardiography was performed in 60 
of the 6 8  neonates bom of mothers with Graves disease, and 
four cases of congenital heart defects were diagnosed (two atrial 
septal defects, one ventricular septal defect, and one tetralogy of 
Fallot) .43 In the Danish Civil Registration System study,44 46 

1097 children exposed to M M I-CM Z and 564 children exposed 
to PTU in early pregnancy were followed after birth for a median 
of 8.3 years and were compared with 881,730 unexposed chil
dren. They reported a series of congenital malformations in 
neonates exposed to PTU in early pregnancy; they tended to 
be less severe than the ones observed with M M I and affected 
m ainly the face and neck area and the urinary system. Some 
of these malformations were detected within 2  years after 
birth and needed surgery. The adjusted risk for face and neck 
region defects (preauricular and branchial sinus fistula/cyst) was 
4.92, and for the urinary system (single cyst of the kidney and 
hydronephrosis) it was 2.73. Previous studies did not show 
PTU-associated congenital malformations of any statistical sig
nificance. Yoshihara and colleagues in Japan studied the preg
nancy outcomes of 6744 women with 5967 live births that 
included 1426 women treated with MMI and 1578 with PTU. 
The overall rate of major anomalies in the M M I group was 
4.1% (most of them part of the M M I embryopathy syndrome), 
a rate significantly higher than the 2 . 1 % in the control group. 
The incidence of congenital malformations in the PTU group 
was not different from that of the control group. The contrast 
between the PTU anomalies in the Danish and Japanese studies 
could be due to the follow-up of the newborns in the Danish 
study 2  years after birth.

The reports of congenital malformations in children exposed 
to PTU opens a new dilemma in the management of hyperthy
roidism in women planning pregnancy, and in all women of 
reproductive age, because unplanned pregnancy is reported to 
be over 50% in our population. The ATA and ES both recom
mend either prescribing PTU in women with active hyperthy
roidism who are planning a pregnancy or switching from MMI 
to PTU as soon as the diagnosis of pregnancy is confirmed. 
Laurberg and Andersen reviewed the literature on the associa
tion between the periods of exposure in early pregnancy and the 
development of birth defects. They concluded that high risk was 
confined to gestational weeks 6  through 1 0 , the major period of 
organogenesis. PTU-associated defects might occur if  PTU is 
given later than gestational week 5, which suggests that the risk 
of birth defects could be minimized if pregnant women stop 
ATD intake before gestational week 6 . Their recommendation 
for fertile women on drug therapy is to receive written instruc
tions ( 1 ) to perform a pregnancy test within a few days after a 
missed menstrual period; (2 ) if  the test is positive, to contact 
their physician; (3) if  feasible, to discontinue ATD therapy and 
follow thyroid tests weekly for the remaining of the first trimes
ter; and (4) if  drug therapy is needed, PTU should be used 
because birth defects seem to be less severe with PTU.

The initial recommended dose of PTU is 100 to 450 mg/day, 
given every 8 hours, and for M M I, 10 to 20 mg/day given in a 
single daily dose; very seldom is a larger initial dose required. 
M M I is given once or twice daily, which allows for improvement 
in patient compliance. Because of its shorter half-life, PTU 
should be given every 8  hours. In our experience, 20 mg/day 
o f MMI or 100  to 150 mg o f PTU three times a day is an 
effective initial dose in most patients. Drug side effects are 
related to the ATD dose. Those with large goiters and longer

Skin rash 
Pruritus
Migratory polyarthritis 
Lupus-like syndrome 
Propylthiouracil hepatotoxicity

•  Hepatitis
• Fulminant liver failure 

Propylthiouracil embryopathy
• Neck
• Urinary tract
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duration of the disease may need higher doses at the initiation 
of therapy. In patients with minimal symptoms, an initial dose 
of 10 mg of MMI daily or PTU 50 mg two or three times a day 
may be initiated. In the majority of patients, clinical improve
ment is seen in 2  to 6  weeks, and improvement in thyroid tests 
occurs within the first 2  weeks of therapy, with normalization 
to chemical euthyroidism in 3 to 7 weeks. Resistance to drug 
therapy is unusual, most likely a result of poor patient compli
ance. Once clinical improvement occurs, mainly weight gain 
and reduction in tachycardia, the dose o f antithyroid medica
tion may be reduced by half o f the initial dose. The daily dose 
is adjusted every few weeks according to the clinical response 
and the results of thyroid tests, and serum TSH remains sup
pressed despite the normalization of thyroid hormone levels; 
normalization of serum TSH is an indicator to reduce the dose 
of medication. If an exacerbation of symptoms or worsening of 
the thyroid tests occurs, the amount of antithyroid medication 
is doubled.

The main concerns o f maternal drug therapy are the 
potential side effects in the fetus, mainly goiter and hypo
thyroidism, as well as birth defects— hence the importance 
of using the minimal drug dose to keep FT4 in the upper lim it 
of the reference range or just above the normal nonpregnant 
range. However, small elevations in serum TSH in the neonate 
have been reported even with lower doses of antithyroid medica
tion. Furthermore, in one study, cord blood FT4 values were not 
correlated with the antithyroid medication dose at term. As 
mentioned previously,36 in the presence of maternal TB1I values 
less than 30%, the dose of MMI required to control hyperthy
roidism may be lower than in women with elevated TBII titers, 
and such a dose may protect the fetus from hypothyroidism. We 
do not recommend adding T4 to ATD therapy (block-replace 
regimen) in the management o f Graves disease in pregnancy. 
It is difficult to interpret the serum T4 level, and this may 
lead to more unnecessary antithyroid medications.

In addition to PTU-induced liver failure, side effects of ATDs 
occur in 3% to 5% of treated patients (see Box 42-4). The most 
common complications o f both drugs are pruritus and skin 
rash, which usually resolve after switching to the other antithy
roid medication. However, allergies to both antithyroid medica
tions have been reported in a pregnant woman with type 1 

diabetes mellitus. In general, the rash occurs 2 to 6  weeks after 
initiation of therapy. Because pruritus may be an initial symptom 
of hyperthyroidism, it is customary to ask the patient during 
the first visit whether she is bothered by this. Other complica
tions that are much less common are migratory polyarthritis, a 
lupus-like syndrome, and cholestatic jaundice. Agranulocytosis, 
a serious but unusual complication, has been reported in 1 in 
300 patients receiving PTU or M M I. It manifests as fever, 
malaise, gingivitis, and sore throat. Agranulocytosis occurs in the 
first 1 2  weeks of therapy and appears to be related to the dose 
of medication. Patients should be made aware of the potential 
adverse effects of these drugs at the time the prescription is given 
and should be advised to discontinue the medication at once 
if  these effects appear. In this setting, a leukocyte count should 
be obtained immediately. Although some have recommended 
routine white blood cell counts in patients on antithyroid 
therapy, such testing is not indicated because granulocytopenia 
or agranulocytosis may appear without warning symptoms.

(3-Adrenergic blocking agents (propranolol 20 to 40 mg 
every 6  hours or atenolol 25 to 50 mg/day) are very effective 
in controlling hyperdynamic symptoms and are indicated for

the first few weeks in patients who have symptoms. One situ
ation in which P-adrenergic blocking agents may be very effec
tive is in the treatment of severe hyperthyroidism during labor. 
In a case reported in which both mother and fetus were affected, 
labetalol was infused at a rate of 2  mg/min and controlled 
maternal and fetal tachycardia within 45 minutes.

Subtotal thyroidectomy in pregnancy is effective in manag
ing severe hyperthyroidism. However, indications for surgical 
treatment are few and include allergy to ATDs, requirements 
of large doses of medication, patient preference, and the excep
tional case of resistance to drug therapy. Two issues are signifi
cant when advising surgical therapy: first, the mother should 
be prepared with p-adrenergic blocking agents to render her 
hemodynamically stable and with Lugol’s solution for at least 
1 0  days to reduce thyroid gland vascularity (use of potassium 
iodide for a short time is not contraindicated); and second, a 
determination of TRAb is of the utmost importance because a 
value three times greater than normal places the fetus at risk for 
fetal hyperthyroidism .47

1311 therapy is contraindicated in pregnancy because when 
given after 12 weeks’ gestation, it could produce fetal hypo
thyroidism. ' " A pregnancy test is mandatory in any woman 
o f childbearing age before a therapeutic or diagnostic dose 
o f 131I is administered.

Iodine crosses the placenta. If given in large amounts and for 
prolonged periods, it may produce a fetal goiter and hypothy
roidism. Therefore its therapeutic use is not recommended in 
pregnancy. However, iodine was used in small amounts (6  to 
40 mg/day) in a group of pregnant Japanese women with mild 
hyperthyroidism. Elevation in serum TSH was observed in 2 of
35 newborns, and the mothers were slightly hyperthyroid at the 
time of delivery. Despite this observation, iodine therapy is not 
routinely indicated in the treatment of hyperthyroidism in 
pregnancy.

Breastfeeding should be permitted i f  the daily dose of 
PTU or MMI is less than 300 mg/day or 20 mg/day, respec
tively. It is prudent to give the total dose in divided doses after 
each feeding. Occasionally, thyroid function tests may be done 
in the baby.49 In a very provocative study, PTU was given to 
lactating hyperthyroid mothers whose infants were born with 
elevated serum TSH levels. Infant TSH levels normalized even 
with continuation of PTU therapy by the mothers. In another 
study, thyroid tests were done at regular intervals in breast
fed infants of mothers taking up to 20 mg of M M  daily and 
showed no evidence of hypothyroidism. The authors followed 
the children up to 74 months of age and found no evidence of 
physical or intellectual developmental deficits compared with 
176 controls.

Fetal surveillance with serial ultrasounds, nonstress tests 
(NSTs), and biophysical profiles (BPPs) is indicated for 
patients with uncontrolled hyperthyroidism, in the presence 
of fetal tachycardia or IUGR, in pregnancies complicated by 
preeclampsia, or when indicated for other obstetric or medical 
complications.

Treatment of Thyroid Storm
Thyroid storm is a clinical diagnosis based on severe signs of 
thyrotoxicosis with significant hyperpyrexia (>103° F) and neu
ropsychiatric symptoms essential for the clinical diagnosis. 
Tachycardia with a pulse rate that exceeds 140 beats/min is not 
uncommon, and congestive heart failure is a frequent complica
tion. Gastrointestinal symptoms such as nausea and vomiting
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accompanied by liver compromise have been reported. Burch 
and Wartofsky have derived a scoring system based on clinical 
symptoms to predict the likelihood of thyroid storm. Laboratory 
tests show the classic hyperthyroid changes, although the actual 
elevation in FT4 values does not help in the diagnosis.

Management includes the following:
1. Admission to the intensive care unit is initiated for supportive 

therapy such as fluids and correction of electrolyte abnor
malities, oxygen therapy as needed, and control of hyperpy
rexia. Acetaminophen is the drug of choice because aspirin 
may increase free thyroid hormones.

2. Management of congestive heart failure is undertaken, which 
may require large doses of digoxin.

3. Proper antibiotic therapy is instituted in case of infection.
4. To control hyperadrenergic symptoms, (3-adrenergic blocker 

therapy can be used, such as propranolol 60 to 80 mg every
4 hours orally or 1 mg/min intravenously. Esmolol, a short- 
acting (3-acting antagonist, can be given intravenously with 
a loading dose of 250 to 500 (ig/kg of body weight followed 
by continuous infusion at 50 to 1 0 0  |J.g/kg/min.

5. M M I 30 mg or PTU 300 mg every 6  hours can also be used. 
If the patient is unable to take oral medications, a nasogastric 
tube may be needed; thioamides block the synthesis of 
thyroid hormones in a few hours.

6 . One hour after the administration of thioamides, iodine is 
administered in the form of Lugol’s solution, 10 drops three 
times a day, or sodium iodide is given intravenously 1 g every 
1 2  hours.

7. Glucocorticoids are also helpful because they reduce the 
peripheral conversion of serum T 4 to T 3. They are adminis
tered in the form of hydrocortisone every 8 hours or equiva
lent amounts of other glucocorticoids.
In summary, thyroid storm is a life-threatening condition 

with a mortality rate o f 20%  to 30% ,511 and it requires early 
recognition and aggressive therapy in an intensive unit care 
setting.

F e ta l H y p e r t h y r o id is m
In mothers with hyperthyroidism due to Graves disease, either 
active or past, high concentrations ofTRAb that cross the pla
cental barrier stimulate fetal production of thyroid hormones 
and may cause fetal hyperthyroidism. However, in mothers with 
active disease who are under drug treatment, the hyperactive 
fetal thyroid is controlled by maternal therapy, and the fetus 
remains euthyroid during fetal life. W ithin a few days after 
birth, when the beneficial effect of antithyroid therapy ceases, 
the neonate may develop neonatal hyperthyroidism (see the 
section, “Neonatal Hyperthyroidism”). Women at risk for an 
infant with fetal hyperthyroidism are those with a history 
of Graves disease previously treated with ablation therapy, 
either by surgery or with 1311, with elevated TRAb titers 
despite maternal euthyroidism. The fetuses of women with 
Graves disease-associated hyperthyroidism who undergo thera
peutic thyroidectomy in the second trimester of pregnancy are 
also at risk for hyperthyroidism if  the mother carries high titers 
ofTRAb .47 The fetal thyroid TSH receptor starts responding to 
TSI stimulation during the second trimester, and the placental 
transfer of IgG from mother to fetus increases by the end of the 
second trimester, reaching a level in the fetus similar to that of 
the mother at about 30 weeks’ gestation.

Fetal hyperthyroidism is diagnosed in the presence 
o f persistent fetal tachycardia (>160 beats/min), IUGR,

oligohydramnios, hydrops, and occasionally a goiter identi
fied on ultrasonography, sometimes manifested as hyperex
tension o f the fetal neck.51 The diagnosis may be confirmed by 
measuring thyroid hormone levels in cord blood obtained by 
cordocentesis. Serial cordocentesis for monitoring drug therapy 
has been proposed, but its value has been questioned . 5-03 A 
fetal heart monitor tracing that demonstrated a sustained base
line of 170 to 180 beats/min with moderate variability that 
exhibited accelerations without decelerations was present in two 
fetuses of hyperthyroid mothers. The authors stated that ‘ this 
pattern is unique to fetal thyrotoxicosis.” Heckel and associ
ates reviewed nine cases of fetal hyperthyroidism treated with 
antithyroid medications. Fetal tachycardia was the most fre
quent sign, whereas oligohydramnios and IUGR were reported 
in only two cases. Fetal goiter was detected by ultrasonography 
in three cases. Treatment consisted of antithyroid medication 
given to the mother (M MI, 10 to 20 mg/day) , 54 and the dose is 
guided by the improvement and resolution of fetal tachycardia, a 
decrease in the goiter size, and normalization of fetal growth— 
all are indicators of good therapeutic response.

Luton and associates performed clinical fetal evaluation in 72 
mothers with a past or present history of Graves hyperthyroid
ism. The main tools were the determination of maternal TRAb 
and fetal ultrasonography; cordocentesis was rarely indicated. 
In 31 mothers, TRAb titers were undetectable, and none of the 
patients received antithyroid medications. All infants were born 
euthyroid. O f 30 women positive for TRAb and on antithy
roid drug therapy, neonatal function was normal. Eleven fetuses 
were diagnosed with goiter by ultrasonography, and seven of 
them were hypothyroid at birth. Their mothers had low TRAb 
titers and had received antithyroid therapy, probably in higher 
doses than needed. In the four hyperthyroid newborns, mater
nal TRAb titers were very high, and their mothers may not 
have received enough medication. The authors recommended 
monthly fetal ultrasonography after 2 0  weeks’ gestation with 
determination of TRAb early in gestation and again by 24 to 
28 weeks’ gestation.

In summary, the diagnosis of fetal hyperthyroidism should be 
suspected in the presence of fetal tachycardia, IUGR, oligohy
dramnios or polyhydramnios, and accelerated bone maturation 
(the presence of the distal femoral ossification center before 31 
weeks’ gestation) with or without fetal goiter in mothers with 
active hyperthyroidism or in women with a history of Graves 
disease treated previously by ablation therapy in the presence 
of high titers of serum TRAb. The indications for ordering a 
determination ofTRAbs are described in Box 42-5- This should

BOX 42-5 INDICATIONS FOR MATERNAL 
DETERMINATION OF THYROID-BLOCKING ANTIBODIES

Fetal o r neonatal hyperthyro id ism  in previous pregnancies 
Active disease o r trea tm ent w ith  an tith yro id  drugs 
T hyro idecto m y during pregnancy 
Euthyro id , postablation (surgery, Iodine-131)
Presence of:

• Fetal tachycardia
• In trauterine g ro w th  restriction
• Incidental fetal go ite r on u ltrasound
• Accelerated bone m atura tion

From Mestman JH. Endocrine diseases in pregnancy. In Sciarra JJ, 
editor. G yn eco logy and  O bstetrics. Philadelphia: Lippincott-Raven; 
1997:27.
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926 Section VI Pregnancy and Coexisting Disease

be done in patients at risk between 2 2  and 28 weeks’ gesta
tion, although some investigators recommended this test early 
in pregnancy and late in the second trimester. 51 The diagnosis 
may be confirmed by the determination of fetal thyroid hor
mones by cordocentesis in those centers with expertise in this 
technique.

Neonatal Hyperthyroidism
Neonatal hyperthyroidism is infrequent, with an incidence of 
1% to 5% of infants born to mothers with Graves disease; 
therefore it affects 1 in 50,000 neonates. In most cases, the 
disease is caused by the transfer o f maternal immunoglobulin 
antibodies with stimulating activity to the fetus. When 
present in high concentrations in maternal serum, these TSH 
receptor antibodies with stimulating activity (TRAbs) cross the 
placental barrier, stimulate the TSH receptor of the fetal thyroid 
gland, and may produce fetal or neonatal hyperthyroidism. 
Thyroid-stimulating receptor (TSHR) responsiveness to TSH 
develops early in the second trimester. When the mother is 
treated with antithyroid medications, the fetus benefits from 
maternal therapy and remains euthyroid during pregnancy 
despite the high circulating antibody titer. However, the protec
tive effect of the ATD is lost after delivery, and neonatal hyper
thyroidism may develop within a few days after birth. High titers 
ofTRAb, a threefold increase over baseline, in the third trimester 
of pregnancy are a predictor of neonatal hyperthyroidism. If 
neonatal hyperthyroidism is not recognized and treated properly, 
neonatal mortality could be as high as 30%. Because the half-life 
of the antibodies is only a few weeks, complete resolution of 
neonatal hyperthyroidism is the rule.

Sporadic cases of neonatal hyperthyroidism without evidence 
of the presence of circulating TSI in the mother or infant have 
been published. Activation of mutations in the TSH receptor 
molecule is the cause of this entity. It is inherited as an autosomal- 
dominant trait and, in contrast to Graves neonatal hyperthy
roidism, the condition persists indefinitely. Treatment with 
antithyroid medications followed by thyroid ablation therapy 
will eventually be needed.

As described previously, two methods are currently available 
for the determination of TRAb: receptor assays that measure 
thyroid-binding inhibitory immunoglobulins (TBII) and bioas
says that measure the ability of TRAb to stimulate the produc
tion of cAMP (TSI). Abeillon-du Payrat and colleagues reported 
their experience with a second-generation TBII assay in 47 neo
nates born to 42 mothers with history of Graves disease. The 
assay result was considered positive above a cutoff value of
1.5 IU/L. A value over 5 IU/L measured in the second trimester 
indicated a risk of neonatal hyperthyroidism (sensitivity 1 0 0 %, 
specificity 43%). Nine infants were born with hyperthyroidism: 
four who were asymptomatic resolved spontaneously within 3 
to 45 days; in the other five infants, ATD treatment was needed, 
and two infants were admitted to the neonatal intensive care 
unit. The TBII value normalized after a median of 3 months. 
Interestingly, four of the nine mothers were on thyroid replace
ment therapy following thyroid ablation therapy, three with 
surgery and one with l3lI. No mother with a TSI (bioassay) 
below 400% gave birth to a hyperthyroid neonate. Besan9on 
and associates evaluated the course of thyroid function and clini
cal outcome during the first postnatal month in babies born to 
mothers with Graves disease. O f the 6 8  babies, 33 of their 
mothers were on drug therapy during pregnancy, and their 
TRAb assay was positive. They recommend measuring TRAb in

cord blood because a positive value indicates a high risk of neo
natal hyperthyroidism. O f note, serum FT4 should be repeated 
in the neonate between 3 and 5 days because a rapid FT4 eleva
tion during the first postnatal week is predictive of hyperthyroid
ism. Levy-Shraga and colleagues retrospectively studied the 
outcome of 96 neonates of mothers with Graves disease. Four 
infants were diagnosed with overt neonatal hyperthyroidism. In 
a subgroup of 7 7  newborns with subclinical hyperthyroidism, 
serum FT4 levels peaked at day 5 and returned to normal by day 
14 postpartum. Elevated FT4 was associated with poor weight 
gain in the first 2 weeks of life. Serum TSH may remain sup
pressed for up to 3 months. These authors also advised thyroid 
tests between days 3  and 5  after birth to ensure early detection 
of neonatal hyperthyroidism.

Neonatal Central Hypothyroidism
Infants of untreated hyperthyroid mothers may be born with 
transient central hypothyroidism of pituitary or hypothalamic 
origin. High levels o fT 4 cross the placental barrier and feed back 
to the fetal pituitary with suppression of fetal pituitary TSH. 
The diagnosis is made in the presence of a low FT4 and a normal 
or low TSH level in cord blood. This complication should be 
avoidable with proper management of maternal hyperthyroid
ism .37 Prolonged suppression of pituitary TSH production in 
some infants may produce a chronic state of hypothalamic- 
pituitary-thyroid axis dysfunction.

Resistance to Thyroid Hormone Syndrome
Described by Weiss and Refetoff and colleagues, resistance to 
thyroid hormone (RTH) is a syndrome of reduced end-organ 
responsiveness to thyroid hormone caused primarily by muta
tions in the thyroid hormone receptor p-gene, characterized by 
elevated free thyroid hormones with nonsuppressed TSH and 
with signs of hyperthyroidism in some tissues and hypothyroid
ism in others. The clinical manifestations include goiter and 
tachycardia, and the prevalence is about 1/40,000 live births. 
Unaffected fetuses of mothers with RTH syndrome and affected 
fetuses from normal mothers are at risk for poor obstetric 
outcome. Anselmo and associates reported 36 couples with 9 
mothers and 9 fathers affected by the disease and with 18 unaf
fected relatives. The rates of miscarriage were 23.7%  when the 
mother was affected, 6 .7 % when the father was affected, and 
8 .8 % with unaffected first-degree relatives, with a rate of 8 . 1 % 
in the general population. The birthweights of unaffected infants 
born to affected mothers were lower than those of affected new
borns, who in addition had a lower serum TSH at birth. This 
finding suggests that high maternal thyroid hormone levels pro
duced fetal thyrotoxicosis and had a direct toxic effect on the 
fetus. The approach to a pregnant patient with the RTH syn
drome would depend on the genotype of the fetus. This requires 
obtaining the genotype of the fetus from DNA through amnio
centesis or chorionic villus sampling, a history of the course and 
outcome of previous pregnancies, and information about other 
family members with RTH syndrome.

Hypothyroidism
Until 1980, few cases of pregnancy in women with myxedema 
were published because it was believed that most hypothyroid 
women were infertile. Soon after the determination of serum 
TSH became commercially available to confirm the diagnosis of 
primary hypothyroidism, a few series of hypothyroidism in preg
nancy were described.55 56 The incidence of hypothyroidism,
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Chapter 42 Thyroid and Parathyroid Diseases in Pregnancy 927

defined at the time of these original publications as an elevation 
in serum TSH above 5 mlU/L, was reported to be between 2%
and 4 % . 57,58

Etiology and Classification of Hypothyroidism
The two most common etiologies o f primary hypothy
roidism in countries with sufficient dietary iodine supply 
are autoimmune (Hashimoto) thyroiditis and post-thyroid 
ablation therapy, either surgical or 1311 induced. Others 
include congenital disease (about 1 in 3000 births in the United 
States), drug-induced hypothyroidism (with lithium , amioda- 
rone, iodine excess, and ATDs), and prior head and neck radia
tion for nonthyroid malignant disease. Earlier studies in women 
with “hypothyroxinemia,” diagnosed as a low serum protein- 
bound iodine (serum TSH was not available for the diagnosis 
of hypothyroidism), reported a high incidence of congenital 
malformations, perinatal mortality, and impaired mental and 
somatic development in infants of hypothyroid women. In 
contrast, recent reports have shown no increase in the inci
dence of congenital malformations. Secondary hypothyroidism 
includes diseases of the pituitary gland or hypothalamus. Auto
immune hypophysitis as a cause of secondary hypothyroidism 
is of interest to the obstetrician for its relationship to Sheehan 
syndrome. 59

Regardless of the etiology, primary hypothyroidism is classi
fied as either subclinical hypothyroidism  (normal serum FT4 and 
elevated serum TSH) or overt clin ica l hypothyroidism  (low serum 
T 4 and elevated TSH or normal FT4 with serum TSH values 
>10 mlU/L). The spectrum of pregnant women diagnosed with 
hypothyroidism includes ( 1 ) women with subclinical and overt 
hypothyroidism diagnosed for the first time during pregnancy;
(2 ) hypothyroid women who are not consistent in taking their 
medication or those who discontinue thyroid therapy before or 
at the time of conception because of poor medical advice or 
because of the misconception that thyroid medications may 
affect the fetus; (3 ) women on thyroid replacement therapy who 
require larger doses in pregnancy (30% to 40% on prepregnancy 
levothyroxine therapy); (4) hyperthyroid patients on excessive 
amounts of ATD therapy; (5) rarely in the United States, those 
with severe iodine deficiency; and (6 ) some patients on lithium 
or amiodarone therapy.

SUBCLINICAL HYPOTHYROIDISM
Subclinical hypothyroidism (SCH) diagnosed in the first tri
mester o f pregnancy has been associated with maternal, fetal, 
and neonatal complications in some but not all studies. The
most commonly reported complications are miscarriage, preterm 
delivery, and preeclampsia.57'62 Others include gestational diabe
tes, gestational hypertension, placental abruption, and low 
birthweight. Lower intelligence quotients (IQs) in these infants 
and other neurocognitive deficits have been described in the 
past,63,64 but this has not been confirmed recently.

Most patients with subclinical hypothyroidism do not have 
overt clinical symptoms. Thyroid tests may be requested by 
the physician because of vague symptoms that resemble hypo
thyroidism, a patient or family history of thyroid disease, or 
findings in the physical examination such as the presence of a 
goiter. As w ill be discussed later (in the section on screening), in 
women who present for preconception counseling or at the time 
of the first obstetric visit, a selective list of potential risk factors 
should be evaluated, and if any are positive, thyroid tests should 
be obtained. One laboratory test diagnostic o f subclinical

hypothyroidism is an elevated serum TSH in the presence 
o f normal trimester-specific FT4 levels. A determination of 
TPOAbs is helpful to determine the etiology of hypothyroidism 
because they are present in 70% to 80% of hypothyroid patients 
of childbearing age. As mentioned earlier in the section “Thyroid 
Function Tests,” the recommended serum TSH upper limit of 
normal, i f  gestation-specific reference ranges are not avail
able, is 2.5 mlU/L in the first trimester and up to 3 mlU/L 
in the second and third trimesters.65,66 A significant number of 
women on thyroid replacement therapy have become hypothy
roid, most of them subclinical, by the time of the first obstet
ric visit because of the physiologic increase in the need for 
thyroid hormones in the first trimester of pregnancy.25,26 Taylor 
and colleagues reported that in the United Kingdom, 46% of 
levothyroxine-treated women aged 18 to 45 years had a serum 
TSH level greater than 2.5 mlU/L; among pregnant women 
who had their TSH measured in the first trimester, 62.8%  had 
a TSH level greater than 2.5 mU/L, with 7.4% greater than 
10 mU/L.

Casey and associates61 undertook a prospective thyroid 
screening study to evaluate pregnancy outcomes in women with 
subclinical hypothyroidism diagnosed before 2 0  weeks’ gesta
tion. Compared with euthyroid women, pregnancies of women 
with subclinical hypothyroidism were three times more likely 
to be complicated by placental abruption, a very preterm birth 
(before 3 4  weeks’ gestation), and admission of their newborns 
to the neonatal intensive care nursery. Respiratory distress syn
drome was twice as likely. In contrast, Cleary-Goldman and 
colleagues62 reported no adverse outcomes in a group of 247 
women with subclinical hypothyroidism diagnosed on the basis 
of a serum TSH more than the 97.5th percentile (TSH >4.29 
mlU/L) and FT4 between the 2.5th and 97.5th percentiles (0.3 
and 0.71 ng/dL).

In a randomized study by Negro and colleagues67 in southern 
Italy, 4657 women were screened for serum TSH and TPOAbs 
within the first 11 weeks of gestation. O f this group, 642 women 
presented with a serum TSH between 2.5 and 5 mlU/L and neg
ative TPOAbs. The pregnancy loss (miscarriage) rate was 6.1%, 
compared with 3.6% in women with a serum TSH below 2.5 
mlU/L (P = .006). Liu and associates performed thyroid func
tion tests in 3315 women at low risk for thyroid dysfunction at
4 to 8 weeks’ gestation from iodine-sufficient areas of China. The 
pregnancy-specific reference range for TSH in their population 
was 0.29 to 5.22 mlU/L. They also determined thyroid antibod
ies, TPOAb and antithyroglobulin antibody (TgAb). The risk of 
miscarriage was not significantly increased in women with serum 
TSH greater than 2.5 and less than 5.22 mlU/L, compared 
with women with TSH less than 2.5 mlU/L (3.5% vs. 2.2%) 
with exception of those women with positive thyroid antibodies 
(10.0% vs. 3.5%). In a prospective study from Australia of 152 
women in the first trimester, Schneuer and associates68 reported 
a significant increase in miscarriages in those women with a 
serum TSH greater than 2.9 mlU/L. In a review of five studies 
that evaluated SCH and miscarriages, only two of them showed 
a significant association of SCH and miscarriage. Taylor and 
colleagues69 found no increased in miscarriage in first-trimester 
women on levothyroxine replacement therapy with serum TSH 
greater than 2.5 and less than 4.5 mlU/L compared with those 
with a serum TSH below 2.51 mlU/L. O f interest, the adjusted 
odds of miscarriage in women with serum TSH greater than
10 mlU/L was 3.95 versus 1.0 in women with a serum TSH 
between 0.2 and 2.5 mlU/L. The above studies emphasize the
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928 Section VI Pregnancy and Coexisting Disease

importance of the serum TSH-specific reference range for differ
ent populations, which may be affected by ethnicity, geographic 
region, and iodine intake.

NEUROLOGIC DEVELOPMENT AND 
SUBCLINICAL HYPOTHYROIDISM
In 1999, a retrospective study reported neuropsychological 
development in young children of mothers diagnosed early in 
pregnancy with hypothyroidism, a group of them with slight 
elevations in serum TSH. In a recent study from the United 
Kingdom, Lazarus and colleagues conducted a randomized trial 
of pregnant women at a median gestational age of 1 2 . 3  weeks. 
A serum TSH above the 97.5th percentile, FT4 levels below 
2.5th percentile, or both were considered diagnostic of thyroid 
deficiency. Two groups of patients were studied: 390 in the 
screening group and 404 in the control group; 150 JJ,g of levo- 
thyroxine were prescribed to women in the screening group at 
a median of 13.3 weeks. The dose was adjusted to achieve serum 
TSH values of 0.1 to 1.0 mlU/L, and the primary outcome was 
the infant’s IQ  at 3 years of age. The authors concluded that 
no benefit was found with routine screening for maternal 
hypothyroidism at about 12 to 13 weeks’ gestation in the 
prevention o f impaired childhood cognitive function. In 
contrast, two recent studies suggested that normalization of 
thyroid function in hypothyroid women by midgestation avoids 
neurodevelopmental defects in the children.70' 1 A recently com
pleted study organized by the National Institute of Child Health 
and Human Development (NICHD) la,7lb included a total of 
97,226 pregnant women from 14 institutions in the United 
States. In this randomized trial, women with subclinical hypo
thyroidism or hypothyroxinemia received L-thyroxine or placebo. 
The obstetric outcomes and the neurocognitive function of the 
offspring at 5 years were not significantly different.

CLINICAL HYPOTHYROIDISM
The diagnosis o f clinical or overt hypothyroidism in preg
nancy is confirmed by the presence o f an elevated serum 
TSH and an FT4 below the trimester-specific reference range 
or a serum TSH greater than 10 mlU/L irrespective o f the 
serum thyroxine level. Patients with overt hypothyroidism may 
complain of tiredness, cold intolerance, fatigue, muscle cramps, 
constipation, irregular menstrual periods, infertility, and deep
ening of the voice. On physical examination, the skin may be 
dry and cold, deep tendon reflexes may be delayed, and brady
cardia may be detected as well as periorbital edema. A goiter 
is present in almost 80% of patients in whom the etiology is 
chronic thyroiditis. In the other 20% of women with chronic 
thyroiditis, no goiter is found; this is called atrophic thyroiditis, 
also known as primary myxedema or chronic thyroiditis without 
goiter. O f course, a well-healed scar in the neck suggests that 
the patient has had a prior surgical thyroidectomy. The degree 
of severity of the clinical symptoms varies with the thyroid 
abnormalities on testing, although correlation is not always good 
between clinical and chemical parameters. It is important to 
emphasize that many patients with frank hypothyroidism by 
laboratory tests offer no specific complaints. Spontaneous preg
nancies have been reported in newly diagnosed women with 
a serum TSH higher than 150 mlU/L at the time of the first 
obstetric visit. 56 The mean TSH value at the time of diagnosis 
of overt hypothyroidism was 89.7 ± 86.2 mlU/mL (normal,
0.4 to 5.0) with a mean FT4I of 2.1 ± 1.5 (normal, 4.5 to 
12).1 Serum thyroid antibodies— TPOAbs, also known as

antimicrosomal antibodies—are elevated in almost 95% of 
patients with autoimmune hypothyroidism.

As in the case of hyperthyroidism, untreated overt hypothy
roidism is associated with adverse neonatal outcomes that 
include premature birth, SGA infants, and in one study, an 
increased prevalence of fetal death. One o f the most common 
obstetric complications is preeclampsia, with an incidence of 
21%  in a combined study o f 60 patients with overt hypothy
roidism. Preeclampsia has not been reported in all series, 
although some of them were retrospective analyses. Low birth
weight was detected in 16.6% of births, mostly related to 
preterm delivery. Hirsh and coworkers retrospectively compared 
outcomes of 101 pregnant women with serum TSH greater than 
20 mlU/L at diagnosis of pregnancy with a control group of 
205 euthyroid pregnant women identified from the 2009-2010 
computerized database of a health maintenance organization in 
Israel. The mean duration of clinical hypothyroidism during 
pregnancy was 21.2 ±13.2 weeks, and in 36 cases (34.9%), all 
TSH levels during pregnancy remained elevated. The incidence 
of severe hypothyroidism (TSH >20 mlU/L) was 1.1% of all 
hypothyroid mothers. Surprisingly, the incidence of miscar
riages, prematurity, and other pregnancy complications was not 
different between the control and study groups. The authors 
speculated that the low incidence of complications could be due 
to the normal median FT4 level at the time of maximal serum 
TSH measurement and intensive levothyroxine therapy in addi
tion to the thorough obstetric management provided in their 
country.

ISOLATED HYPOTHYROXINEMIA
The term isolated hypothyroxinemia is reserved for those patients 
in areas of sufficient dietary iodine intake with values less 
than the trimester-specific FT4 reference range in the presence 
of normal serum TSH values. Although the pathophysiologic 
explanation for such an entity is not clear, maternal hypothy
roxinemia is extremely frequent in endemic areas of iodine defi
ciency and is associated with increased perinatal morbidity and 
mortality and an increased incidence of hypothyroidism in neo
nates. 2 Recently, a study from China found that isolated hypo
thyroxinemia was associated with iron deficiency, both before 
pregnancy and in the first trimester.

Two reports from iodine-sufficient countries confirmed previ
ous reports of the adverse role of maternal hypothyroxinemia in 
the neuropsychological development of children. Li and col
leagues collected serum from 1268 women at 16 to 2 0  weeks’ 
gestation at Shenyang Maternal and Neonatal Health Clinic in 
an area described as “iodine sufficient.” Intellectual and motor 
development scores were evaluated in the children at 25 to 30 
months of age using the Bayley Scales of Infant Development. 
Eighteen women (1.8%) were diagnosed as having subclinical 
hypothyroidism; 19 women were hypothyroxinemic (1.5%); 
and 34 (2.6%) were euthyroid with an elevated level of TPOAbs. 
The authors concluded that maternal subclinical hypothyroid
ism, hypothyroxinemia, and euthyroidism with elevated serum 
TPOAb titers are all statistically significant predictors of lower 
motor and intellectual development at 25 to 30 months. In a 
population-based cohort study in the Netherlands, Henrichs 
and colleagues6,4 observed that mild and severe hypothyroxin
emia were associated with a higher risk for expressive language 
delay across all ages, categorized as either mild (OR, 1.44; 95% 
C l, 1.09 to 1.91; P  = .010) or severe (OR, 1.8; 95% C l, 1.24 
to 2.61; P=  .0 0 2 ).
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BOX 42-6 INDICATIONS FOR THYROID TESTING 
IN PREGNANCY

H is to ry  o f  th y ro id  d y s fu n c tio n  o r  p r io r  th y ro id  s u rg e ry  
A ge  g re a te r th a n  30 yea rs
S y m p to m s  o f th y ro id  d y s fu n c tio n  o r  th e  p resence  o f g o ite r
T h y ro id  p e ro x id a s e  a n tib o d y  p o s itiv e
T ype  1 d ia b e te s  o r  o th e r  a u to im m u n e  d is o rd e rs
H is to ry  o f  he a d /n e ck  ra d ia tio n
F a m ily  h is to ry  o f  th y ro id  d y s fu n c tio n
M o rb id  o b e s ity  (b o d y  m ass  in d e x  >40 k g /m 2)
Use o f  a m io d a ro n e  o r  lith iu m  o r rece n t a d m in is tra tio n  o f 

io d in a te d  ra d io lo g ic  c o n tra s t 
U n e x p la in e d  in fe r t i l i ty
R es id in g  in an area o f  k n o w n  m o d e ra te  to  seve re  io d in e  

s u ffic ie n c y

From Stagnaro-Green A et al. Guidelines of the American Thyroid Asso
ciation fo r the Diagnosis and Management of Thyroid Disease During 
Pregnancy and Postpartum. Thyro id . 2011 ;21:1081.

No adverse obstetric outcomes were reported by Casey and 
associates73 in evaluating 17,289 women before 20 weeks’ gesta
tion: the prevalence of hypothyroxinemia was 1 %, subclinical 
hypothyroidism was 3%. A study by Lazarus and colleagues74 

included patients with hypothyroxinemia along with women 
with hypothyroidism who were treated with levothyroxine, and 
no difference was found in the IQs of children of treated mothers 
compared with the children of untreated mothers.

It is important to recognize that the assay technique used to 
determine FT4, particularly in the second half of pregnancy, may 
be more difficult to perform . 24

Universal Versus Selective Screening 
for Thyroid Disease
Despite the potential obstetric and pediatric complications from 
maternal thyroid dysfunction reported in the past 50 years, the 
consistency of reports on the incidence of maternal subclinical 
and clinical hypothyroidism in the first trimester, and our rec
ognized difficulty in diagnosing the disease both by medical 
history and physical examination, when and how to screen for 
thyroid disease in pregnant and nonpregnant individuals 
remains a very controversial issue, and different positions 
have been adopted by several medical organizations. A con
sensus development conference on subclinical thyroid disease 
was sponsored by the American Association of Clinical Endo
crinologists (AACE), the ATA, and the ES. Their recommenda
tion was based on an extensive review of the published literature 
available at that time, and it limited thyroid tests to women at 
high risk for thyroid disease.75 In 2007, the Committee on 
Obstetric Practice of the American College of Obstetricians and 
Gynecologists (ACOG) stated, “W ithout evidence that identifi
cation and treatment of pregnant women with subclinical hypo
thyroidism improves maternal or infant outcomes, routine 
screening for subclinical hypothyroidism currently is not recom
mended.” It is reasonable to perform a determination of 
serum TSH at the first obstetric visit in those women at 
higher risk for thyroid dysfunction (Box 42-6). In the second 
version of the ES guidelines and the ATA Clinical Guidelines 
for Thyroid and Pregnancy,76 universal screening is not recom
mended, but it is strongly suggested that health care profession
als personally ask during preconception counseling or in the first 
obstetric visit about risk factors for thyroid disease. The main

barrier to universal screening is the lack o f RCTs that dem
onstrate a reversal o f both obstetric and intellectual abnor
malities in the offspring after normalization o f thyroid 
deficiency by maternal L-thyroxine replacement therapy.

Several studies have consistently demonstrated the failure to 
recognize women at risk for thyroid dysfunction when using a 
case-finding strategy, based on actual thyroid dysfunction symp
toms, a personal or family history of thyroid disease, and obstet
ric history.

Vaidya and coworkers77 offered thyroid function tests early in 
pregnancy to 1560 women to evaluate the effectiveness of uni
versal screening versus case finding. They showed that targeted 
screening would still have missed about one third of all pregnant 
women with an elevated serum TSH. They divided women early 
in pregnancy into two groups, a low-risk group that included 
7 5 % of the women and a high-risk group that comprised the 
remaining 25%. The high-risk group included those with a 
personal and family history of thyroid disorders or other autoim
mune disease and current and past treatment with ATDs, 
L-thyroxine, radioiodine, or thyroid surgery. Forty women, 
2.6% of the total group, had an elevated serum TSH, and 70% 
of them were in the high-risk group.

Similar conclusions have been reported in other studies. Wang 
and coworkers performed thyroid tests in the first trimester of 
pregnancy and classified 367 women (12.7%) out of 2899 as 
high risk, following the recommendations of the ES guidelines.20 

O f the 2899, 294 had thyroid dysfunction: hypothyroidism was 
reported in 7 .5 %, most of which was subclinical hypothyroid
ism; 1% had hyperthyroidism; and 0.9% had hypothyroxin
emia. Positive antibodies were detected in 279 (9.6%), and 196 
of them were euthyroid. The prevalence of thyroid dysfunction 
in the high-risk group was higher than in the low-risk group 
(15% vs. 9.4%; P  = .001). However, of the 217 women with 
an elevated serum TSH, 171 (78.8%) belonged to the low- 
risk group. The authors concluded that a case-finding strategy 
for screening thyroid function in the high-risk group would 
miss about 81.6% of women with an elevated serum TSH and 
80.4% women with hyperthyroidism. In a study from the Czech 
Republic, Horacek and colleagues concluded that more than 
5 5 % of pregnant women at risk would be missed if only those 
with high-risk criteria were examined. The authors stated that a 
more extensive screening of thyroid autoimmunity and dysfunc
tion seems warranted.

Ong and colleagues performed thyroid tests and evaluated 
levels of |3-hCG and pregnancy-associated plasma protein A 
(PAPP-A) in 2411 women, mostly white, in Western Australia 
between 9 and 14 weeks’ gestation. Their objective was to deter
mine whether thyroid function tests performed with first- 
trimester screening predicts adverse pregnancy outcomes. One 
hundred thirty-three women (5.5%) had serum TSH greater 
than 2.15 mIU/L (above the 97.5th percentile for the first tri
mester), five of whom (0.2%) had a serum TSH greater than 10 
mIU/L. On multivariate analysis, neither maternal serum TSH 
greater than 2.15 mIU/L nor TSH as a continuous variable 
predicted primary or secondary outcomes. Their conclusions 
were that testing TSH as part o f first-trimester screening does 
not predict adverse pregnancy outcomes. The authors ques
tion whether screening is justified to detect these cases.

Negro and colleagues78 reported on a prospective randomized 
study of 4562 women in southern Italy. Thyroid tests were done 
very early in pregnancy. Their conclusion was that universal 
screening did not affect the rate of adverse events in comparison
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930 Section VI Pregnancy and Coexisting Disease

to targeted high-risk case finding, implying a negative outcome. 
As discussed in the section on subclinical hypothyroidism, in 
the same article by Negro and associates, a subgroup of low- 
risk patients detected to be hypothyroid were treated with 
L-thyroxine and were compared with a nontreated group. The 
rate of pregnancy-related adverse events was reduced by nearly 
40% after detection and treatment.

A cost-effectiveness approach to compare universal screening 
with case finding was reported in two studies, and both con
cluded that universal screening is cost-effective compared with 
a case-finding strategy.79 However, Thung and colleagues added 
in their conclusions that a wide range of circumstances should 
be considered before universal screening is adopted. The same 
position was voiced by Stagnaro-Green and Schwartz.

A number o f barriers must be considered before universal 
routine thyroid function screening can be recommended in 
pregnancy.Ml They include the selection of thyroid tests to be 
used (TSH, FT4, TPOAb), the threshold applied to characterize 
an abnormality, weeks of gestation, appropriate intervention, 
and monitoring. The second issue still in dispute is the man
agement o f hypothyroid women in the preconceptional 
period. It is accepted that most of these women will need an 
increase in the L-thyroxine dose soon after conception .25,26 It 
could be argued whether the target of serum TSH between 0.3 
and 2.5 mlU/L before pregnancy is reasonable in anticipation 
of the increase in T 4 requirements. Abalovich and associates81 

reported that when the serum TSH is below 1.3 mlU/L before 
conception, only 17% of women need an increase in L-thyroxine 
in the first trimester. It has also been recommended that women 
on L-thyroxine therapy be advised at the time of confirmation 
of pregnancy to increase their dose empirically by two doses a 
week until the results of the thyroid tests are available. 26

The Controlled Antenatal Thyroid Screening trial74 failed to 
show any benefit of levothyroxine therapy on the cognitive 
function of children of mothers with hypothyroidism or hypo- 
thyroxinemia. An argument about the study is that mothers did 
not receive thyroxine therapy until a median gestational age of
13.4 weeks. As mentioned above, a small number of children 
whose hypothyroid mothers started levothyroxine therapy after 
the first trimester of pregnancy had no neurocognitive deficits 
when evaluated after 5 years of age.70' 1 As previously men
tioned, the NICHD Maternal-Fetal Medicine Units Network 
study of universal screening and L-thyroxine treatment for 
women with subclinical hypothyroidism or euthyroid chronic 
thyroiditis diagnosed during pregnancy showed no differences 
in the obstetric outcomes or neurocognitive development of the 
offspring at 5 years of age. The practicing physician should 
consider this new information when decidng whether uni
versal screening versus case finding is warranted and which 
women may benefit from thyroxine therapy.

Euthyroid Chronic or Hashimoto Thyroiditis
Chronic or Hashimoto thyroiditis83 is a benign inflammatory 
disorder of the thyroid gland with a prevalence in women of 
childbearing age of 5% to 20%. Chronic autoimmune thyroid 
disease is more common in women with other autoimmune 
diseases, particularly type 1 diabetes.

In the United States, the incidence is greater in the white than 
in the black population. The classic clinical picture is character
ized by the presence of a goiter with a firm, rubbery consistency 
that moves freely on swallowing. Absence of a goiter (atrophic 
thyroiditis) may be present in 2 0 % to 30% of patients.

On presentation, patients have no symptoms of thyroid dys
function. A goiter is discovered on routine physical examina
tion, by neck ultrasonography, or by the patient or a family 
member or acquaintance. The diagnosis may be suggested by 
a hyperechoic pattern on an ultrasound of the thyroid gland, 
and diagnosis is confirmed by the presence o f thyroid auto
antibodies (TPOAb or TgAb). The actual antibody titer is not 
correlated with the size of the goiter, symptoms, or severity of 
the disease. From a practical point of view, determination of 
TgAb is unnecessary if TPOAbs are positive. It is estimated that 
5% of women with chronic thyroiditis have an isolated positive 
TgAb and a significantly higher serum TSH compared with 
women who do not have autoimmune thyroiditis. Patients with 
euthyroid chronic thyroiditis may develop hypothyroidism over 
time. The odds ratio was 8  over 20 years in those women with 
a normal serum TSH and positive antibodies.2

The importance o f diagnosing chronic thyroiditis in 
women o f childbearing age relates to the potential conse
quences in pregnancy and in the postpartum period. Women 
with chronic thyroiditis who are known to be euthyroid should 
be evaluated early in pregnancy because they are at risk for 
developing hypothyroidism de novo, with an increased risk of 
miscarriages, prematurity (according to some studies), and 
breech presentation.8*

In rare situations, women with chronic thyroiditis— 
particularly those without a goiter, the atrophic form—may 
have high titers of serum TRAb-blocking antibodies compared 
with the stimulating antibodies present in women with Graves 
hyperthyroidism. These antibodies cross the placenta, and at 
high titers, they block the fetal TSH receptor and cause tran
sient congenital hypothyroidism .85 The neonatal disease resolves 
spontaneously over 3 to 6  months, but these infants should 
receive levothyroxine and should be closely followed for 
several years. Therefore in mothers who have given birth to 
infants with congenital hypothyroidism, TRAb should be 
determined.

In 1990, Stagnaro-Green and colleagues84 reported a twofold 
to threefold increased risk for spontaneous abortion in euthyroid 
women with positive thyroid autoantibodies, studies confirmed 
by later publications. Preterm delivery was associated with the 
presence of thyroid antibodies in three out of four reports from 
Belgium, Italy, Japan, and Pakistan. A significant increase in 
preterm premature rupture of the membranes in TPOAb- 
positive euthyroid mothers was also reported.

Regarding the therapeutic use of L-thyroxine in women with 
euthyroid chronic thyroiditis (normal serum TSH and positive 
TPO antibodies), there is only one published study.86 The 
authors performed thyroid tests that included TPOAbs in a 
group of 984 women early in pregnancy; 113(11.7% ) of them 
were TPOAb positive, with normal serum TSH values (reference 
range, 0.27 to 4.2 mlU/L). Their first obstetric visit was at 10.3 
+ 3.1 weeks. Fifty-seven TPOAb-positive women were treated 
with L-thyroxine, with a dose between 0.5 and 1 (Xg/kg per day 
according to TSH values and TPOAb titers. They were com
pared with 58 untreated TPOAb-positive women and a control 
group of TPOAb-negative women. Two end points were evalu
ated: the incidences of miscarriage and preterm delivery. The 
L-thyroxine—treated group had an incidence o f complications 
similar to that o f the control group, whereas the untreated 
chronic thyroiditis group had a threefold increase in miscar
riages and preterm deliveries and in addition developed 
impaired thyroid function in the second half o f pregnancy.
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A higher incidence of thyroid autoimmunity has been reported 
in women with polycystic ovary syndrome (PCOS) and idio
pathic infertility. O f 992 women who attended a fertility clinic 
in Belgium, 16% had evidence of thyroid autoimmunity. Both 
antibodies were present in 74, only TPOAb was present in 41, 
and 48 had isolated TgAb detected.87 In a Dutch study, in a 
selected group of women between 25 and 30 years of age, the 
prevalence of TgAb and TPOAb was 14% and 12%, respec
tively. Based on these and other studies, it appears reasonable, 
in an infertility workup, to determine serum TgAb in the 
presence o f a negative serum TPOAb.

Infertile women seeking treatment should have serum TSH 
measured before treatment is started and every 2  weeks after the 
initiation of treatment because the risk of developing hypothy
roidism is significant. Furthermore, the early diagnosis of hypo
thyroidism and prompt levothyroxine therapy may improve 
pregnancy outcome.

There is also agreement in the literature that the presence 
of TPOAb in the first trimester o f pregnancy is a risk factor 
for the development o f postpartum thyroiditis (see the later 
section, “Postpartum Thyroid Dysfunction”).

Treatment of Hypothyroidism
L-'Ihyroxine is the drug of choice for the treatment of hypothy
roidism. In view o f the complications mentioned previously, 
it is important to normalize thyroid tests as early as possible 
before conception or soon after the diagnosis o f pregnancy.
In women on L-thyroxine replacement therapy, how much the 
dose will need to be increased from prepregnancy levels depends 
on the etiology of the hypothyroidism .88 Loh and colleagues 
reported an increase in L-thyroxine dose of 16% by the second 
trimester in patients with primary hypothyroidism and reported 
a 51% increase following ablation therapy for Graves disease by 
surgery or 131I therapy. For patients with a history of thyroid 
cancer, the increase was 2 1 % by the second trimester, depending 
on the level of TSH suppression recommended for cancer 
patients. In newly diagnosed pregnant women, the levothyrox
ine dose may be calculated according to body weight ( 2  to
2 . 4  |Ig/kg/day), a dose higher than recommended in nonpreg
nant patients (1.7 to 2 jlg/kg/day). In patients with severe hypo
thyroidism, the normalization of serum TSH is delayed, but 
normal serum FT4 or FT4I values are achieved in the first 2 
weeks of therapy if  sufficient L-thyroxine is administered. Aba- 
lovich and colleagues retrospectively analyzed seventy-seven 
patients with newly diagnosed hypothyroidism in pregnancy. 
The objective was to normalize the serum TSH to a value less 
than 2.5 mlU/L in the first trimester and less than 3.0 mlU/L 
in the second and third trimesters. The authors suggested that 
if  the serum TSH is less than 4.2 mlU/L, the levothyroxine 
starting dose should be 1.2 |_lg/kg/day; with TSH greater than
4.2 and less than 10 mlU/L, 1.42 |J.g/kg/day is appropriate; and 
for women with overt hypothyroidism, 2.33 (Ig/kg/day is 
required. Only 11% and 23% of SCH and chronic hypothy
roidism, respectively, required dose adjustment. The time at 
which a euthyroid state was achieved was 6.06 ± 3.3 days in 
SCH and 5.3 ± 1 . 8  days in overt hypothyroidism.

Women planning their pregnancies should have a serum 
TSH below 2.5 mlU/L, ideally closer to 1 mlU/L, given the 
greater requirements expected early in gestation. The serum 
TSH should be repeated every 2 to 6  weeks during the first 20 
weeks’ gestation and at 24 to 28 weeks and at 32 to 34 weeks. 
The aim is to keep serum TSH , as well as serum FT4 or FT4I,

within normal trimester-specific reference ranges. The T 4 dose 
should be adjusted. Increased thyroid requirements are seen in 
about 2 0 % to 30% of patients in the second half of pregnancy. 
Immediately after delivery, patients should return to their 
prepregnancy dose. Interference in the absorption of T 4 was 
discussed previously.20

Hypothyroid treated women who require in vitro fertilization 
(IVF) should have their thyroid tests measured before the initia
tion of controlled ovarian hyperstimulation. In a group of 72 
selected hypothyroid women on replacement therapy and with 
a serum TSH below 2.5 mlU/L, determination of serum TSH 
was obtained at three points: ( 1 ) before treatment, (2 ) at the 
time of hCG administration, and (3) at 16 days after hCG 
administration. Serum TSH levels were 1.7 ± 0.7 at baseline, 
2.9 ± 1.3 at the time of hCG administration, and 3.2 ± 1 . 7  
mlU/L after 16 days. Serum TSH exceeded 2.5 mlU/L in 46 
women (63.8%) and in 49 (6 8 %) 16 days after hCG administra
tion. The authors suggested strictly monitoring serum TSH in 
hypothyroid-treated women during IVF cycles, adjusting therapy 
if necessary. Karmon and colleagues89 evaluated differences in 
intrauterine insemination (IUI) outcomes among euthyroid 
women with preconceptional serum TSH values in the normal 
(0.4 to 2.4 mlU/L) and high-normal (2.5 to 4.9 mlU/L) ranges. 
No autoimmunity tests were available. Data were obtained from 
a single family center and comprised a total of 1477 women who 
underwent 4064 IUI cycles. No difference in adverse outcomes 
was reported between the groups. The above studies89,90 should 
remind us that as health professionals who take care of women 
planning a pregnancy, the lack of uniformity in the results of 
well-planned medical protocols and discrepancies in their obser
vations complicate our ability to counsel these patients.

Single Nodule of the Thyroid Gland
The incidence of thyroid nodularity in pregnancy has been 
studied by several groups using ultrasonography. The three 
studies were done in Belgium, Germany, and China—areas of 
mild iodine deficiency, where the incidence of thyroid nodules 
is increased. They examined the frequency of nodules, the effect 
of progression of pregnancy on nodule size, and new nodule 
formation. Together they showed a prevalence of 3% to 23%, 
the incidence being higher with increasing parity.

It is estimated that nodular thyroid disease is clinically 
detectable in 10%  o f pregnant women. The size o f the thyroid 
nodule clinically detectable is 1.0 to 1.5 cm. In most cases, 
it is discovered during the first routine clinical examination or 
is detected by the patient. The probability for a single or soli
tary thyroid nodule to be malignant is between 5% and 1 0 %, 
depending on risk factors such as previous radiation therapy 
to the head, neck, or chest; rapid growth of a painless nodule; 
patient age; and family history of thyroid cancer. Papillary car
cinoma accounts for almost 75% to 80% of malignant tumors, 
and follicular neoplasms account for 15% to 2 0 %; a few percent 
are represented by medullary thyroid carcinoma. Undifferenti
ated thyroid carcinoma is extremely rare in patients younger 
than 50 years.

The incidence of thyroid carcinoma in the general popula
tion has risen significantly in recent decades, perhaps because 
of the increased detection of small papillary cancers, from 3.6 
per 1 0 0 , 0 0 0  in 1973 to 8.7 per 100,000 in 2002— a 2.4-fold 
increase (95% C l, 2.2 to 2.6; P  <.001 for trend). In part, 
this increase could be explained by the routine use of thyroid 
ultrasonography.
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932 Section VI Pregnancy and Coexisting Disease

EVALUATION OF A PALPABLE THYROID NODULE 
IN PREGNANCY: THERAPEUTIC OPTIONS

FIG 42-5 American Thyroid Association clinical guidelines for thyroid and pregnancy. FNAB, fine-needle aspiration biopsy; TSH, thyroid-stimulating 
hormone.

It is estimated that as many as 14 o f every 100,000 preg
nancies in the United States are complicated by a new diag
nosis o f thyroid cancer. In a retrospective study from the 
California Cancer Registry from 1991 to 1999, 129 cases of 
thyroid cancer were diagnosed during pregnancy; 3 . 3  per
1 0 0 , 0 0 0  were diagnosed before pregnancy; 0 .3  per 1 0 0 , 0 0 0  were 
diagnosed at the time of delivery; and 1 0 .8  per 1 0 0 , 0 0 0  were 
diagnosed within 1 year after delivery.

There is a paucity of information in the literature regarding 
the management and timing of the workup in the presence of 
thyroid nodularity. The ATA management guidelines for patients 
with thyroid nodules and differentiated thyroid carcinoma91 rec
ommended a similar evaluation of thyroid nodules in pregnancy 
as for the nonpregnant patient, with the exception, of course, 
that a radionuclide scan is contraindicated. In the presence of a 
thyroid nodule, they stressed the importance of a careful medical 
history, including a family history of malignant thyroid disease. 
If the family history is positive for familial medullary thyroid 
carcinoma or multiple endocrine neoplasia type 2 , the evalua
tion of the nodule and management requires a more aggressive 
approach.

Careful examination of the neck enables the physician to 
define and characterize the thyroid lesion (Fig. 42-5). In addi
tion to the size of the nodule, the consistency, tenderness, fixa
tion to the skin, and presence of metastasis in the thyroid bed 
should be noted. A hard, painless nodule that measures more 
than 2 cm in diameter is suspicious of malignancy. Serum TSH 
and FT4 need to be assessed. A suppressed or undetectable TSH 
value in the presence of a single or dominant thyroid nodule 
is consistent with an autonomous or “hot” thyroid nodule, 
in which case a fine-needle aspiration biopsy (FNAB) is not

indicated; these are rarely malignant. Interpretation of TSH 
values requires caution because a low or suppressed value may 
be present in a number of pregnancies in the first trimester. 
Serum calcitonin determination is reserved for patients with 
a family history of medullary thyroid carcinoma.91 In expert 
hands, high-resolution real-time ultrasound is very helpful in 
defining the size of the lesion, characterizing the dominant 
nodule in a multinodular gland, and identifying characteristics 
of the lesion suspicious for malignancy: microcalcifications, a 
hypoechoic pattern, or irregular margins among other findings, 
such as whether the lesion is solid, cystic, or mixed. If FNAB 
of the nodule is indicated, pregnancy is not a contraindication, 
and FNAB may be performed at any time during gestation 
irrespective of gestational age. The importance of a competent 
cytopathologist in the interpretation and diagnosis of the speci
mens cannot be overemphasized.

In the presence of a single thyroid nodule detected on physical 
examination or a dominant nodule in a multinodular gland, the 
following approach is recommended by the ATA Clinical Guide
lines for Thyroid and Pregnancy76 (see Fig. 42-5):

1. In the presence of a solid lesion smaller than 1 to 1.5 cm, 
follow-up in the postpartum period is indicated.

2. Nodules larger than 1 to 1.5 cm should be considered for 
FNAB if  ultrasound findings are suspicious.

3. In the presence of tracheal obstruction, immediate surgery 
is indicated.

4. If the FNAB is diagnostic of malignancy or it is a suspi
cious lesion, surgery may be postponed until after delivery 
except with lymph node metastases, if  the diagnosis is a 
large primary lesion, or if  extensive lymph node involve
ment is apparent in a medullary cancer.
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5. Surgery can be postponed until after delivery during the 
last weeks of pregnancy, and FNAB could be safely post
poned until after delivery.

6 . A woman with a malignant lesion or a rapidly growing 
lesion should be offered surgery in the second trimester of 
gestation.

7. Women with follicular lesions or early-stage papillary car
cinoma may postpone surgery until after delivery because 
these lesions are not expected to progress rapidly.

When advising pregnant women on the evaluation o f a 
thyroid nodule, it must be kept in mind that the incidence 
o f malignancy is between 5% and 10% , and in most cases, 
the tumors are slow growing.

It is generally agreed that elective surgery should be avoided 
in the first trimester and after 24 weeks’ gestation because of 
the potential risks for spontaneous abortion and premature 
delivery, respectively. Based on clinical experience, the recom
mendations for total thyroidectomy in the second trimester are 
to avoid unnecessary exposure of the embryo to anesthetic drugs 
and to avoid potential prematurity due to surgery. However, no 
well-controlled study is available to support such recommenda
tions.92 One report showed a higher risk for complications from 
thyroid and parathyroid surgery during pregnancy. Thyroidec
tomy during pregnancy was associated with a complication rate 
of 21%, compared with 8 %, for malignant lesions and 27%, 
compared with 14%, for benign lesions. This was a retrospective, 
cross-sectional analysis of hospital discharge data. Complica
tions included suspected fetal compromise, abortion, and cesar
ean delivery and hysterectomy. A skilled surgeon with ample 
experience in thyroid surgery should perform the procedure.

In one retrospective study, a conservative approach to the 
management of a single thyroid nodule was recommended.93 In 
this report, 61 women were pregnant at the time of the diagnosis 
of differentiated thyroid carcinoma. Fourteen women were oper
ated on during pregnancy, whereas the other 47 women under
went surgical treatment 1 to 84 months after delivery. The 
authors concluded that both diagnostic studies and initial 
therapy might be delayed until after delivery in most patients. 
Yasmeen and associates reviewed cancer registry data and com
pared disease-related survival in 6505 women diagnosed with 
thyroid cancer during pregnancy or 1 year after delivery. No 
significant difference in outcome was apparent up to 1 1  years 
later compared with an age-matched nonpregnant cohort.

Recently, 15 women diagnosed with thyroid cancer during 
pregnancy or within 1 year postpartum were compared with 61 
women matched for age whose cancer was treated before preg
nancy. The authors reported that women diagnosed in pregnancy 
or in the first year postpartum were more likely to have persis
tent or recurrent disease and suggested that estrogen may play a 
role in these poorer outcomes.911 Messuti and colleagues studied 
retrospectively 340 women younger than 45 years with differ
entiated thyroid cancer and compared persistence/recurrence of 
thyroid tumor in three groups: ( 1 ) those diagnosed at least 2  

years after delivery, (2 ) those diagnosed during pregnancy and 
within 2 years after delivery, and (3) women who were nullipa
rous at the time of diagnosis. These researchers concluded that 
persistence/recurrence of disease was significantly higher in the 
group diagnosed during or within 2  years of delivery than in 
the control group (P = .023), which is consistent with the study 
by Moosa and colleagues.94 Further studies are needed before a 
firm recommendation can be offered to patients diagnosed with 
thyroid cancer in pregnancy or postpartum.

Patients With Known Thyroid Cancer 
Before Pregnancy
Pregnancy does not appear to be a risk factor for recurrences 
in women with a previous history o f treated thyroid cancer 
and no evidence o f residual disease. Leboeuf and colleagues95 

published a retrospective analysis of 36 women who became 
pregnant a median of 4.3 years after initial therapy for differenti
ated thyroid carcinoma. They were evaluated a median of 4 
months after delivery (0.1 to 1.7 years), and serum thyroglobu- 
lin values were available before and after pregnancy. Two women 
treated with thyroidectomy and radioactive iodine and one 
treated with thyroidectomy alone, whose serum thyroglobulin 
values were elevated before pregnancy, had new evidence of 
disease with an increase in thyroglobulin values and cervical 
nodes detected by ultrasonography. The authors concluded that 
pregnancy “is probably a mild stimulus to cancer growth as 
evidenced by minor disease progression in some patients with 
known structural disease before pregnancy.”

Hirsch and associates96 evaluated 63 consecutive women, for 
a total of 90 births, who were followed at their institution from 
1992 to 2009 and who had given birth at least once after total 
thyroidectomy, and they evaluated 58 who received 131I for 
papillary thyroid cancer. Serum thyroglobulin values and neck 
ultrasound were compared before and after pregnancy. In this 
study, levels of serum TSH during pregnancy were correlated 
with disease persistence before pregnancy and disease progres
sion during pregnancy. They concluded that pregnancy does not 
cause thyroid cancer recurrence in survivors who have no struc
tural or biochemical evidence of disease persistence at the time 
of conception. The conclusions from both studies indicate no 
progression of the disease in women free of disease before preg
nancy. However, the possibility of progression exists in those 
patients who have evidence of residual cancer at the time of 
conception.

Women on suppressive T 4 therapy for thyroid cancer before 
pregnancy must continue with therapy, adjusting the levothy
roxine dose to keep serum TSH at the same level as before 
pregnancy and serum TFT4 within the normal reference 
range.97,98 In women treated with 131I therapy after thyroidec
tomy for thyroid cancer, a potential concern exists for future 
fertility and a risk for complications, mainly birth defects. 
Miscarriages, preterm delivery, stillbirth, and congenital abnor
malities were not reported in a systemic review of the literature 
by Sawka and coworkers.99 Irregular menses in the first year 
after treatment occurred in 27% of women following radioac
tive iodine treatment, and early menopause occurred in some 
women. Garsi and colleagues100 described 483 patients exposed 
to 131I treatment for thyroid carcinoma and concluded that no 
evidence suggests that exposure to radioiodine affects the 
outcome o f subsequent pregnancies and offspring.

Postpartum Thyroid Dysfunction
Postpartum thyroiditis (PPT) is defined as transient thyroid 
dysfunction in the first year after delivery in women who 
were euthyroid before pregnancy on no thyroid therapy.11,1 '102
PPT also occurs following spontaneous or medically induced 
abortions. 103 The etiology in most cases is autoimmune 
chronic (Hashimoto) thyroiditis, with a few cases due to 
hypothalamic or pituitary lesions (Box 42-7).104

PPT, a variant of Hashimoto or chronic thyroiditis, is the 
most common cause of thyroid dysfunction in the postpartum 
period. Women with type 1 diabetes mellitus and other
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BOX 42-7 POSTPARTUM THYROID DYSFUNCTION

Chronic Thyroiditis

T ra n s ie n t h y p e rth y ro id is m  ( lo w  RAW )
T ra n s ie n t h y p o th y ro id is m  
P e rm a n e n t h y p o th y ro id is m

Graves Disease
E xa ce rb a tio n  o f h y p e rth y ro id is m  (h ig h  R AIU, p o s itiv e  

TR Ab)
T ra n s ie n t h y p e rth y ro id is m  o f c h ro n ic  th y ro id it is  ( lo w  

RAIU , n e g a tive  TR Ab)

Hypothalamic-Pituitary Disease

S heehan s y n d ro m e  
L y m p h o c y tic  h y p o p h y s it is

From Mestman JH. Endocrine diseases in pregnancy. In Sciarra JJ, 
editor. G yneco logy  a nd  O bstetrics. Philadelphia: Lippincott-Raven; 
1997:34.
RAIU, radioactive iodine uptake; TRAb, thyroid-blocking antibody.

_  ,,, Months postpartum
-b  FT4 ng/dL

TSH mU/L

FIG 42-6 Clinical course of postpartum thyroiditis. The green band 
indicates the reference range. FT4, free thyroxine; TSH, thyroid- 
stimulating hormone.

autoimmune diseases are at higher risk for developing PPT. 10'1 

The clinical diagnosis is not always obvious, and the clinician 
should be concerned about nonspecific symptoms such as tired
ness, fatigue, depression, palpitations, and irritability in women 
following the birth of a child or after a miscarriage or abortion. 
Fatigue is the most common complaint. 106 Predictors for the 
development of PPT include high titers of TPOAb in the first 
trimester of gestation, family or personal history of thyroid 
disease, presence of goiter, and smoking. Patients at risk should 
be evaluated in the first year postpartum at 3, 6 , and 12 months 
after delivery.

Postpartum thyroiditis may also develop in women with nega
tive antibodies. In a study from the Netherlands, the authors 
suggested two forms of PPT: an autoimmune form, which is 
most common and eventually will develop into chronic hypo
thyroidism, and a nonautoimmune form without antibodies 
that appears to be transient without progressing to permanent 
hypothyroidism. This has recently been confirmed. 102 The inci
dence of PTT in women with negative TPOAb was 1.7%.

The clinical course o f PPT is not uniform (Fig. 42-6). In 
about one third of cases, mild symptoms of hyperthyroidism 
may develop between 1 and 4 months postpartum. On physical

examination, a goiter is felt in most cases and is firm and non
tender to palpation. Tachycardia may be detected. Thyroid tests 
are in the hyperthyroid range, and thyroid antibodies (TPOAbs) 
are elevated in the vast majority of cases. Titers of TRAb, a 
marker of Graves disease, are negative. In one third of the 
patients, the hyperthyroid phase is followed by hypothyroid
ism (3 to 7 months) and return to a euthyroid state by 7 to 
12 months after delivery. Antibody titers have a tendency to 
increase during this process, and a change in the size of the 
goiter is usually noted. In one third of patients, the course of 
PPT is different, characterized by an initial episode of hypo
thyroidism between 3 and 7 months postpartum without the 
initial hyperthyroid phase. The permanent incidence of hypo
thyroidism 1 2  months after delivery ranges from 2 % to 2 1 %. 
By 5 years after the diagnosis of PPT, most studies report an 
incidence of permanent hypothyroidism of 50%. In summary, 
presentation of PPT is characterized by (1) an episode of hyper
thyroidism (1 to 3 months), followed by hypothyroidism (3 
to 7  months) and reverting to euthyroidism (after the seventh 
month); (2 ) an episode of hyperthyroidism ( 1  to 4 months) 
reverting to euthyroidism; (3) an episode of hypothyroidism (3 
to 7 months) reverting to a euthyroid state; and (4) permanent 
hypothyroidism after the hypothyroid phase (see Fig. 42-6). It 
is recommended that a diagnosis o f PPT be considered for 
any thyroid abnormality that occurs within 1 year after a 
delivery or miscarriage.

Graves hyperthyroidism may recur after delivery with an exac
erbation in the first 3 months or between 6  and 12 months post
partum. The symptoms of hyperthyroidism are more severe than 
those in patients with PPT, and patients with Graves disease 
benefit from antithyroid medications. On physical examina
tion, women with Graves hyperthyroidism may present with 
ophthalmopathy, a visible goiter, and in many situations a bruit. 
Titers ofTRAb are positive. If not contraindicated, as in breast
feeding mothers, a 4- or 24-hour thyroid radioactive iodine 
uptake (RAIU) is helpful in establishing the etiology. It will 
be very low in patients with PPT, whereas it is high normal 
or elevated in patients with recurrent hyperthyroidism due to 
Graves disease. Ide and colleagues studied 42 women with newly 
developed hyperthyroidism after delivery. Eighteen patients had 
Graves disease and 24 had thyroiditis. Twelve of 14 patients who 
developed thyrotoxicosis in the first 3 months postpartum had 
postpartum thyroiditis; all patients who developed thyrotoxi
cosis after 6.5 months postpartum had Graves disease. TRAbs 
were positive in all women with Graves hyperthyroidism and 
were negative in those with PPT. The late postpartum period 
(8  to 1 2  months) is associated with the risk o f developing 
Graves disease de novo. W hether hyperthyroidism is due to a 
recurrence or new onset of Graves disease, treatment with anti
thyroid medications is indicated, or the physician may advise 
ablation therapy.

Although most patients with PPT recover spontaneously, 
treatment is indicated for symptomatic patients. In the pres
ence of hyperthyroid symptoms, ^-adrenergic blocking drugs 
(propranolol 10 to 40 mg every 6  hr or atenolol 25 to 50 mg 
every 24 hr) are effective in controlling the symptoms. Anti
thyroid medications are not effective because the hyperthyrox- 
inemia is secondary to the release of thyroid hormones due to 
the acute injury to the gland (destructive hyperthyroidism). For 
hypothyroid symptoms, small amounts of L-thyroxine (50 (Ig/ 
day) will control symptoms and allow for spontaneous recovery 
of thyroid function after discontinuation of the drug. However,
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in women who desire future pregnancies, it has been recom
mended that L-thyroxine therapy be continued because these 
patients are at high risk for developing hypothyroidism in a 
future pregnancy.lu

Preventing PPT with the administration of selenium during 
pregnancy in women with chronic thyroiditis was evaluated by 
Negro and associates. They studied two groups of pregnant 
women: 7 7  received 2 0 0  H-g/day of selenium during pregnancy 
and postpartum, and 74 were given a placebo. A significant 
reduction was seen in the incidence of PPT between both 
groups: 28.6% of women receiving selenium developed PPT 
compared with 48.6%  of those taking placebo (P< .01). Future 
studies will be needed to confirm these findings.

KEY POINTS

♦ Hyperthyroidism due to Graves disease needs to be dif
ferentiated in the first trimester of pregnancy from the 
syndrome of gestational thyrotoxicosis.

♦ Recent reports indicate increased risk for liver failure 
with the use of propylthiouracil (PTU); it is recom
mended that PTU be used in the first trimester of 
pregnancy and methimazole (MMI) after 13 weeks’ ges
tation. M M I is not indicated in the first trimester 
because of the potential risk for the syndrome of MMI 
embryopathy. PTU may also be teratogenic, but the risk 
is much less than that associated with MMI.

♦ Women with Graves disease planning a pregnancy 
should be informed of the teratogenicity of antithyroid 
drugs.

♦ The dose of anti thyroid medications should be adjusted 
frequently, aim ing to use the minimal amount of drug 
that will keep the FT4 at the upper lim it of normal.

♦ Breastfeeding is not contraindicated in women on anti
thyroid therapy, provided that the maximal daily dose 
is 300 mg of PTU and 20 mg of MMI.

♦ Hypothyroid women on thyroid replacement therapy 
should have their thyroid tests checked at the time of 
planning their pregnancy, and they should have their 
serum TSH adjusted to close to 1 mIU/L.

♦ Women on suppressive T 4 therapy for thyroid cancer 
before pregnancy must continue with therapy. The levo- 
thyroxine dose should be adjusted to keep serum TSH 
at the same level before pregnancy and to keep FT4 

within the normal reference range.
♦ In hypothyroid women, thyroid tests should be per

formed at the time pregnancy is diagnosed and should 
be checked every 2 to 4 weeks in the first trimester. An 
increase in levothyroxine dose is needed in more than 
50% of patients on thyroid replacement therapy.

♦ Women with risk factors for thyroid disease— such as a 
family history of thyroid disease, the presence of a 
goiter, or a history of PPT—-should be studied before 
or early in pregnancy. Determinations of serum TSH 
and TPOAb are recommended in these women.

♦ Postpartum thyroiditis affects up to 16.7% of all women 
in the postpartum period. Women with chronic thy
roiditis are at higher risk for developing the syndrome. 
Long-term follow-up is strongly advised because up to 
50% of these patients will develop permanent hypothy
roidism in 5  to 1 0  years.
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ANTERIOR PITUITARY 
Anterior Pituitary Hormone 
Changes in Pregnancy
During pregnancy, the normal pituitary gland enlarges consider
ably as a result of estrogen-stimulated lactotroph hyperplasia. 1'2 

Prolactin (PRL) levels rise gradually throughout gestation to 
prepare the breast for lactation .3 Beginning in the second half 
of pregnancy, circulating levels of a growth hormone (GH) 
variant made by the syncytiotrophoblastic epithelium of the 
placenta increase, and pituitary GH secretion decreases as a 
result of the negative feedback effects of insulin-like growth 
factor I (IGF-1) . 4’5 Pregnant patients with acromegaly have 
autonomous GH secretion; both forms of GH therefore persist 
in the blood.6

Cortisol levels rise progressively over the course o f a 
normal gestation and result in a twofold to threefold increase 
by term due both to the estrogen-induced increase in corti
costeroid-binding globulin (CBG) levels and an increase in 
cortisol production, so that the bioactive “free” fraction, 
urinary free cortisol levels, and salivary cortisol levels are also 
increased. s

Pituitary Tumors
Pituitary adenomas cause problems because of hormone 
hypersecretion and by causing hypopituitarism, and pregnancy- 
induced alterations in hormone secretion complicate the evalu
ation of patients with pituitary neoplasms. The influence of 
various types of therapy on the developing fetus also affects 
therapeutic decision making.

Prolactinoma
Hyperprolactinemia commonly causes symptoms of galactor
rhea, amenorrhea, and infertility .9 The differential diagnosis of 
hyperprolactinemia is extensive,9 but this discussion will focus 
on the patient with prolactinoma. The choice of therapy has 
important consequences for decisions regarding pregnancy. 
Transsphenoidal surgery for m icroa d en om a s  is curative in 
50%  to 60%  o f prolactinomas after accounting for recur
rences, and it rarely causes hypopituitarism when it is 
performed by experienced neurosurgeons on women with 
tumors less than 10 mm in diameter.10 For patients with mac
roadenomas, tumors 1 0  mm in diameter or larger, surgical cure 
rates are lower, and the risk of causing hypopituitarism is con
siderably greater. 10

The dopamine agonists bromocriptine and cabergoline are 
the primary mode o f medical therapy, restoring ovulatory 
menses in about 80%  and 90%  o f cases, respectively,9'10 and 
reducing m acroadeno?na size. A reduction in size of 50% or 
more occurs in 50% to 7 5 % of patients with bromocriptine and 
in more than 90% of patients with cabergoline. 10

The stimulatory effect of the hormonal m ilieu of pregnancy 
and the withdrawal of the dopamine agonist may result in sig
nificant prolactinoma enlargement (Fig. 43-1). Tumor enlarge
ment that required intervention during pregnancy has been 
reported in 18 of 764 (2.4%) women with microadenomas, 50 
of 238 (2 1 %) with macroadenomas that had not undergone 
prior surgery or radiotherapy, and 7/148 (4.7%) with macroad
enomas that had undergone prior surgery or radiotherapy. 1114 

In almost all cases, such enlargement was successfully treated 
with reinstitution of a dopamine agonist. 14 If the pregnancy is 
sufficiently advanced, another approach is to deliver the baby 
electively. 14 Surgical decompression is only resorted to if these 
other approaches fail. 14
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939Chapter 43 Pituitary and Adrenal Disorders in Pregnancy

FIG 43-1 Coronal and sagittal magnetic resonance imaging scans of an intrasellar prolactin- secreting macroadenoma in a woman before concep
tion (A and B) and at 7 months of gestation (C and D). Note the marked tumor enlargement at the latter point, at which time the patient was 
complaining of headaches. (From Molitch ME. Medical treatment of prolactinomas. Endocrinol Metab Clin North Am. 1999;28:143-170.)

W hen a dopamine agonist is stopped once a woman has 
missed her menstrual period and pregnancy is diagnosed, no 
increase in spontaneous abortions, ectopic pregnancies, tro
phoblastic disease, multiple pregnancies, or malformations 
were found in over 6000 pregnancies in which bromocriptine 
was used and in 822 pregnancies in which cabergoline was 
used.11'15 Although data on safety of continuous dopamine 
agonist therapy during pregnancy are limited, treatment is prob
ably not harmful. 14

Patients with large macroadenomas should be assessed 
monthly for symptoms o f tumor enlargement, and visual 
fields should be tested each trimester. PRL levels may rise 
without tumor enlargement and may not rise with tumor 
enlargement; therefore such tests are often misleading16 and 
should not be done. In some patients, postpartum PRL levels 
and tumor sizes are actually reduced compared with values 
before pregnancy. 17 Therefore many women may be ovulatory 
postpartum and would not need resumption of a dopamine 
agonist. Nursing does not cause an increase of PRL levels nor 
does it increase headaches or visual disturbances suggestive of 
tumor enlargement. 18

Acromegaly
Acromegaly is associated with infertility in about two thirds of 
cases because of associated hyperprolactinemia, hypopituitarism 
due to tumor mass effects, and even increased GH/IGF-1 levels 
(menses are restored with lowering of GH/IGF-1 levels); two or 
more of these causes occur in about one quarter of cases. 19 Most 
patients with acromegaly are treated with surgery as primary 
therapy; those not cured by surgery are usually treated medi
cally with the somatostatin analogues octreotide and lanreo- 
tide.20 Cabergoline may also be helpful in some cases.20

Conventional assays cannot distinguish between normal pitu
itary GH and the placental GH variant.4 If it is critical to make 
a diagnosis of acromegaly during pregnancy, it may be possible 
by demonstrating GH pulsatility with frequent sampling, given 
that GH secretion in acromegaly is highly pulsatile but that of 
the placental variant is not.6 21

Only four patients with GH-secreting tumors have been 
reported to have enlargement of their tumors with a resultant 
visual field defect, in one case during pregnancy.22'21 However, 
in one of these cases tumor enlargement was more likely due to 
octreotide withdrawal, and in another, it was due to hemorrhage 
into the tumor. Therefore as with prolactinomas, patients with 
acromegaly with macroadenomas should be monitored for 
symptoms of tumor enlargement and visual field testing.

Because of GH-induced insulin resistance, the risk of gesta
tional diabetes is increased in acromegalic patients along 
with salt retention and gestational hypertension.26~ Cardiac 
disease has not proved to be an issue in pregnant women with 
acromegaly.26,27

The considerations regarding the use of bromocriptine and 
cabergoline in women with prolactinomas also apply to those 
with acromegaly. Fewer than 50 pregnant patients treated with 
somatostatin analogues have been reported, and no malforma
tions were found in their children .2 However, a decrease in 
uterine artery blood flow has been reported with short-acting 
octreotide,28 and one fetus appeared to have intrauterine growth 
restriction (IUGR) that responded positively to a lower dose of 
long-acting release octreotide.25 Octreotide binds to somatosta
tin receptors in the placenta and crosses the placenta,28 and it 
can therefore affect developing fetal tissues in which somatosta
tin receptors are widespread. I recommend that octreotide and 
other somatostatin analogues be discontinued if  pregnancy is
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940 Section VI Pregnancy and Coexisting Disease

considered and that contraception be used when these drugs are 
administered, and most25'29 but not all28 others concur. A reason
able option could be to switch to short-acting somatostatin 
analogues so that these can be continued until pregnancy is 
diagnosed and then stopped; their short half-life would then 
prevent fetal exposure. On the other hand, these drugs can 
control tumor growth, and for enlarging tumors, their reintro
duction during pregnancy may be warranted rather than operat
ing. Pegvisomant, a GH receptor antagonist, has been given to 
a patient with acromegaly during pregnancy without harm ,30 but 
its safety has not been established.

Thyrotropin-Secreting Tumors
Only three cases of pregnancy occurring in women with thyro
tropin (thyroid-stimulating hormone [TSH])-secreting tumors 
have been reported.31'33 In one of these cases, octreotide was 
stopped but had to be reinstituted to control tumor size.31 In a 
second, octreotide was continued during pregnancy for tumor 
size control.32 The most pressing issue with such tumors is the 
need to control hyperthyroidism during pregnancy, which can 
usually be done with standard antithyroid drugs (Chapter 43 ) . 33 

However, with growing macroadenomas, octreotide may be nec
essary for tumor size control,31’32 and it is possible that it may 
be necessary to control the hyperthyroidism if  thionamides are 
ineffective.

Clinically Nonfunctioning Adenomas
Pregnancy would not be expected to influence tumor size 
in patients with clinically nonfunctioning adenomas 
(CNFAs). Indeed, only two cases have been reported in which 
tumor enlargement during pregnancy resulted in a visual 
field defect.22 34 In the second case, the patient responded 
rapidly to bromocriptine treatment, probably due to shrinkage 
of the lactotroph hyperplasia with decompression of the chiasm 
and probably with little or no direct effect on the tumor itself.34

Most CNFAs are actually gonadotroph adenomas. Two 
patients have been reported who had gonadotroph adenomas 
that secreted intact follicle-stimulating hormone (FSH) with a 
resultant ovarian hyperstimulation syndrome35,36; both became 
pregnant, one after having the FSH hypersecretion controlled 
by bromocriptine3’ and the second following surgical removal 
of the tumor.36

Hypopituitarism
Hypopituitarism may be partial or complete, and loss of gonad
otropin secretion is common. Induction of ovulation may be 
difficult, and a variety of techniques have been used by reproduc
tive endocrinologists, including administration of hCG and 
FSH ,37'38 pulsatile gonadotropin-releasing hormone,37’38 and in 
vitro fertilization .39,40 The malformation rate is normal in such 
pregnancies, but there seems to be an increased frequency of 
cesarean deliveries, miscarriages, and small-for-gestational-age 
(SGA) babies.34’38’40

Because o f increased thyroxine turnover and volume o f 
distribution in pregnancy, thyroxine (T4) levels usually fall 
and TSH levels rise with a fixed thyroxine dose over the 
course o f gestation.41 The average increase in thyroxine needed 
in these patients is about 0.05 mg/day. Because patients with 
hypothalamic/pituitary dysfunction may not elevate their 
TSH levels normally in the face of the increased need for thy
roxine, it is reasonable to increase the thyroxine supplementa
tion by 0.025 mg after the first 4 to 6  weeks and by an

additional 0.025 mg after the second trimester, also following 
total T 4 levels.

The dose o f chronic glucocorticoid replacement does 
not usually need to be increased during pregnancy.8 
Hydrocortisone is metabolized by the placental enzyme
11 P-hydroxysteroid dehydrogenase 2 (11P-HSD2); thus the 
fetus is generally protected from any overdose o f hydrocor
tisone. The usual dose is in the range o f 12 to 15 mg/m2 
given in two or three divided doses; 10 mg in the morning 
and 5 mg in the afternoon is a common regimen.8 Additional 
glucocorticoids are needed for the stress of labor and delivery, 
such as 75 mg of intravenous (IV) hydrocortisone every 8 hours 
with rapid tapering postpartum .8 Prednisolone does not cross 
the placenta, and prednisone crosses only m inimally .42 Sup
pression of neonatal adrenal function in offspring of women 
taking prednisone during pregnancy is very uncommon ,43 and 
the amounts passed in breast m ilk are negligible .44

Few data are available on the use of GH during pregnancy in 
hypopituitary individuals, and in most series, GH therapy has 
been stopped at conception .45 Because the GH variant, which is 
biologically active, is produced by the placenta in substantial 
amounts beginning in the second half of pregnancy, and it can 
access the maternal circulation (see above), then at most the 
mother would be GH deficient only in the first half of preg
nancy. When Curran and colleagues45 analyzed 25 pregnancies 
that occurred in 16 patients with GH deficiency during which 
GH therapy was not continued, they found no adverse outcome 
for either the fetus or the mother from omitting GH therapy 
and concluded that GH replacement therapy during pregnancy 
is not essential for GH-deficient women.

Sheehan Syndrome
Sheehan syndrome consists o f pituitary necrosis secondary 
to ischemia that occurs within hours o f delivery,46 usually 
secondary to hypotension and shock from an obstetric hemor
rhage. The degree of ischemia and necrosis dictates the subse
quent patient course (Table 43-1). This syndrome rarely occurs 
in current obstetric practice.4

Acute necrosis is suspected in the setting of an obstetric hem
orrhage in which hypotension and tachycardia persist following 
adequate replacement of blood products. Failure to lactate and 
hypoglycemia may also occur.41’ Investigation should include 
obtaining blood samples for adrenocorticotropic hormone 
(ACTH), cortisol, prolactin, and free thyroxine. The ACTH 
stimulation test would be normal because the adrenal cortex 
would not be atrophied. Free thyroxine levels may prove normal 
initially because the hormone has a half-life of 7 days, and an 
additional sample should be sent after 1 week. Prolactin levels

TABLE 43-1 SYMPTOMS AND SIGNS 
OF SHEEHAN SYNDROME

ACUTE FORM CHRONIC FORM

Hypotension Light headedness
Tachycardia Fatigue
Failure to lactate Failure to lactate
Hypoglycemia Persistent amenorrhea
Extreme fatigue Decreased body hair
Nausea and vomiting Dry skin 

Loss of libido 
Nausea and vomiting 
Cold intolerance
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Chapter 43 Pituitary and Adrenal Disorders in Pregnancy 941

are usually low in this setting. Diabetes insipidus (DI) may also 
occur and would be revealed with dehydration testing .48

If acute necrosis is suspected, treatment with saline and 
stress doses o f corticosteroids should be instituted immedi
ately after drawing the blood for testing. If later free thyroxine 
levels become low, therapy with levothyroxine is indicated. 
Additional pituitary testing with subsequent therapy should be 
delayed until recovery.

When milder forms of infarction occur, diagnosis may be 
delayed for months or years.46 These women generally have 
a history of amenorrhea, decreased libido, failure to lactate, 
breast atrophy, loss of pubic and axillary hair, fatigue, and symp
toms of secondary adrenal insufficiency with nausea, vomiting, 
diarrhea, and abdominal pain.41’ Rarely, some women retain 
gonadotropin secretion and may have normal menses and 
fertility.43

Lymphocytic Hypophysitis
Lymphocytic hypophysitis is thought to be autoimmune, 
with infiltration and destruction o f the parenchyma o f the 
pituitary and infundibulum by lymphocytes and plasma
cells.49'51 Generally occurring during pregnancy or in the post
partum period ,49'51 this condition is associated with symptoms 
of hypopituitarism or an enlarging mass lesion with headaches 
and visual field defects, and it is suspected based on its timing 
and lack of association with an obstetric hemorrhage or prior 
history of menstrual difficulties or infertility .49'11 DI may also 
occur.49'51 On magnetic resonance imaging (MRI) scans, diffuse 
enhancement is usually seen rather than a focal lesion that might 
indicate a tumor.49'51 The clinical picture often allows a clinical 
diagnosis to be made without invasive procedures.

Treatment o f lymphocytic hypophysitis is generally con
servative and involves identification and correction o f any 
pituitary deficits, especially o f ACTH secretion, which is 
particularly common in this condition.4” 1 Data regarding the 
beneficial effects of high-dose corticosteroid treatment are 
inconclusive. 10 Surgery to debulk but not remove the gland is 
indicated in the presence of uncontrolled headaches, visual field 
defects, and progressive enlargement on scan. Spontaneous 
regression and resumption of partial or normal pituitary func
tion may occur, although most patients progress to chronic 
panhypopituitarism .49 51

POSTERIOR PITUITARY
The set point for plasma osmolality at which arginine vaso
pressin (AVP) is secreted and thirst is stimulated is reduced 
approximately 5 to 10 mOsm/kg in pregnancy.12 The pla
centa produces vasopressinase, an enzyme that rapidly inac
tivates AVP, thereby greatly increasing its clearance.1 14

Standard water deprivation tests, which require 5% weight 
loss, should be avoided during pregnancy because they can 
cause uterine irritability and can alter placental perfusion. 
Instead, desmopressin (dDAVP) is used to assess urinary con
centrating ability.53 Urinary concentrating ability in the preg
nant patient should be determined in the seated position, 
because the lateral recumbent position inhibits maximal urinary 
concentration . 52

Diabetes Insipidus
Central DI may develop in pregnancy because o f an 
enlarging pituitary lesion, lymphocytic hypophysitis, or

hypothalamic disease. Because o f the increased clearance of 
AVP by placental vasopressinase, DI usually worsens during 
gestation, and subclinical DI may become manifest. 53'55 Des
mopressin is resistant to vasopressinase and provides satisfactory, 
safe treatment during gestation, although a higher dose may be 
required.5" During monitoring of the clinical response, clinicians 
should remember that the normal sodium concentration is
5 mEq/L lower during pregnancy, 52 and dDAVP transfers m ini
mally into breast m ilk .56

Transient AVP-resistant forms of DI secondary to placental 
production of vasopressinase may occur spontaneously in one 
pregnancy but not in a subsequent one. 5 Some of these patients 
may respond to dDAVP therapy. Another rare cause of transient 
DI of pregnancy is placental abruption, in which the abruption 
causes a rise in vasopressinase. 58

Acute fatty liver of pregnancy and other disturbances of 
hepatic function such as hepatitis may be associated with late- 
onset transient DI of pregnancy in some patients.51’ In some 
cases, this has been associated with the hemolysis, elevated liver 
enzymes, low platelets (HELLP) syndrome.60 It is presumed the 
hepatic dysfunction is associated with reduced degradation of 
vasopressinase, which further increases vasopressinase levels and 
the clearance of AVP. Polyuria may develop either prior to deliv
ery or postpartum.

DI that develops postpartum may be a result of Sheehan 
syndrome. Transient DI of unknown etiology has been described 
postpartum, lasting only days to weeks.61

Congenital nephrogenic DI is a rare X-linked disorder caused 
by a mutation in the vasopressin V2 receptor gene, which pre
dominantly affects males. 53 Female carriers of this disease may 
have significant polyuria during pregnancy. Treatment is with 
thiazide diuretics,54 which should be used with caution in preg
nant women.

ADRENALS
In addition to the changes during pregnancy in cortisol outlined 
previously, plasma renin activity, angiotensin II, and aldosterone 
increase threefold to sevenfold during pregnancy, and blood 
volume is also increased.62

Cushing Syndrome
Fewer than 150 cases of Cushing syndrome in pregnancy have 
been reported.63'69 Less than 50% of the pregnant patients 
described had pituitary adenomas, a similar number had adrenal 
adenomas, and more than 1 0 % had adrenal carcinomas.63'68 

Pregnancies associated with the ectopic ACTH syndrome have 
been reported only rarely.65,67,68 In many cases, the hypercorti- 
solism first became apparent during pregnancy, with improve
ment and even remission after parturition .65,66,68 Recently, cases 
have been reported of pregnancy-induced Cushing syndrome 
from human chorionic gonadotropin (hCG)-induced stimula
tion of ectopic luteinizing hormone (LH)/hCG receptors on the 
adrenal.69

Diagnosing Cushing syndrome during pregnancy may be dif
ficult. Both conditions may be associated with weight gain in a 
central distribution, fatigue, edema, emotional upset, glucose 
intolerance, and hypertension. The striae associated with normal 
pregnancy are usually pale, but they are red or purple in Cushing 
syndrome. Hirsutism and acne may point to excessive androgen 
production, and proximal myopathy and bone fractures point 
to Cushing syndrome.
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The laboratory evaluation is difficult. Elevated total and 
free serum cortisol and ACTH levels and urinary free cortisol 
excretion are compatible with that of normal pregnancy. The 
overnight dexamethasone test usually demonstrates inadequate 
suppression during normal pregnancy.86' ACTH levels are 
normal to elevated even with adrenal adenomas,8 ,63-65  perhaps 
because of the production of ACTH by the placenta or from the 
nonsuppressible stimulation of pituitary ACTH by placental 
corticotropin-releasing hormone (CRH).

A persistent circadian variation in the elevated levels o f 
total and free serum cortisol during normal pregnancy may 
be most helpful in distinguishing Cushing syndrome from  
the hypercortisolism o f pregnancy, because this finding is 
characteristically absent in all forms o f Cushing syndrome. 
Midnight levels of salivary cortisol during pregnancy have not 
yet been standardized.66 In some cases, MRI scanning of the 
pituitary (without contrast) or ultrasound of the adrenal may be 
helpful, but the high frequencies of “incidentalomas” in both 
glands makes interpretation of imaging difficult.70 71 Little expe
rience has been reported with CRH stimulation testing or petro
sal venous sinus sampling during pregnancy.65,67 68

Cushing syndrome is associated with a pregnancy loss rate 
o f 25%  due to spontaneous abortion, stillbirth, and early 
neonatal death because o f extreme prematurity.65 66-68 The 
passage of cortisol across the placenta may rarely result in sup
pression of the fetal adrenals.72 Hypertension develops in most 
mothers with Cushing syndrome, and diabetes and myopathy 
are frequent. Postoperative wound infection and dehiscence are 
common after cesarean delivery.

In a review of 136 pregnancies collected from the literature, 
Lindsay and colleagues67 found that the frequency of live births 
increased from 76% to 89% when active treatment was insti
tuted by a gestational age of 20 weeks. Therefore treatment 
during pregnancy has been advocated .63,67,68

Medical therapy for Cushing syndrome during pregnancy 
with metyrapone and ketoconazole is not very effective/ 
and IUGR has been reported with ketoconazole.67 The FDA has 
issued a black-box warning for ketoconazole with respect to 
severe liver toxicity; therefore its use cannot be recommended. 
Mitotane should be avoided because of fetal toxicity. Two new 
medications have recently been approved for the treatment of 
Cushing disease. Mifepristone, a cortisol receptor blocker, is 
highly effective, but because it is also a progesterone receptor 
blocker and an abortifacient, it cannot be used during preg
nancy.73 Pasireotide is a new somatostatin analogue with 
modest efficacy in patients with Cushing disease. 1 It has the 
adverse effect o f hyperglycemia, and there is no experience 
with its use during pregnancy. However, the same cautions 
discussed above for somatostatin analogues should also hold true 
for the use of pasireotide in a patient with Cushing disease.

Transsphenoidal resection of a pituitary ACTH-secreting 
adenoma and laparoscopic resection of adrenal adenomas have 
been carried out successfully in several patients during the 
second trimester.66"68 The live birth rate is approximately 87% 
after unilateral or bilateral adrenalectomy.6 Although any 
surgery poses risks for the mother and fetus, 1 it appears that 
with Cushing syndrome, the risks o f not operating are con
siderably higher than those o f proceeding with surgery.

Adrenal Insufficiency
In developed countries, the most common etiology for 
primary adrenal insufficiency is autoimmune adrenalitis.

Primary adrenal insufficiency from infections (tuberculosis or 
fungal), bilateral metastatic disease, hemorrhage, or infarctions 
is uncommon. Secondary adrenal insufficiency from pituitary 
neoplasms or glucocorticoid suppression of the hypothalamic- 
pituitary-adrenal axis may also occur.

Recognition of adrenal insufficiency may be difficult because 
many of the clinical features are found in normal pregnancies, 
including weakness, lightheadedness, syncope, nausea, vomit
ing, hyponatremia, and increased pigmentation. Addisonian 
hyperpigmentation may be distinguished from chloasma of 
pregnancy by its presence on the mucous membranes, on exten
sor surfaces, and on unexposed areas. Weight loss, hypoglycemia, 
salt craving, and excessive hyponatremia should prompt a clini
cal evaluation. If unrecognized, maternal adrenal crisis may 
ensue at times o f stress, such as a urinary tract infection or 
labor.76'78 The fetoplacental unit largely controls its own 
steroid milieu, so maternal adrenal insufficiency generally 
causes no problems with fetal development. Women with 
Addison disease are relatively infertile, and babies born to 
mothers with Addison disease have increased risks of preterm 
birth, low birthweight, and an increased rate of cesarean deliv
ery.79 Severe maternal hyponatremia or metabolic acidosis and 
poor maternal compliance with therapy may cause a poor fetal 
outcome.76'78 Association with other autoimmune conditions 
such as anticardiolipin antibodies may lead to additional risks 
such as miscarriage .80

Adrenal insufficiency may be associated with laboratory find
ings of hyponatremia, hyperkalemia, hypoglycemia, eosino- 
philia, and lymphocytosis. Early morning plasma cortisol levels 
of 3.0 |J.g/dL (83 nmol/L) or less confirm adrenal insufficiency, 
whereas a cortisol level greater than 19 Hg/dL (525 nmol/L) in 
the first or early second trimester excludes the diagnosis in a 
clinically stable patient.81 However, plasma cortisol levels may 
fall in the normal “nonpregnant” range due to the increase 
in CBG concentrations in the second and third trimesters, but 
they will not be appropriately elevated for the stage of preg
nancy.82 Normal basal and cosyntropin (250 (ig)-stimulated 
cortisol values have been established for pregnant women; for 
the first, second, and third trimesters, basal morning values 
(mean ± standard deviation [SD]) were 9.3 ± 2.2 |ig/dL (257 ± 
61 nmol/L), 14.5 ± 4.3 M-g/dL (401 + 119 nmol/L), and 16.6 
± 4.2 |Jg/dL (459 ±1 1 6  nmol/L). Stimulated values were 29.5 
± 16.1 ng/dL (815 ± 445 nmol/L), 37.9 ± 9.0 ng/dL (1047 ± 
249 nmol/L), and 34.7 ± 7.5 |lg/dL (959 ± 207 nmol/L) .83 The
l-|J.g low-dose cosyntropin test has been reported to be accurate 
at 24 to 34 weeks’ gestation using a cutoff of 30 |ig/dL (828 
nmol/L) . 81 W ith primary adrenal insufficiency, ACTH levels 
will be elevated, and a level above 100 pg/mL (22 pmol/L) is 
consistent with the diagnosis.84 However, ACTH will not be low 
with secondary forms because of placental production of this 
hormone, albeit insufficient to maintain normal maternal 
adrenal function.

In the unstable patient, empiric glucocorticoid therapy of 
hydrocortisone 50 to 75 mg IV should be administered pending 
the results of diagnostic testing. Thereafter, doses of 50 to 75 mg 
every 6  to 8 hours should be given in the face of severe stress 
and during labor.78 Despite the normal increase in plasma cor
tisol during pregnancy, baseline maternal replacement doses of 
corticosteroids usually are not different from those required in 
the nonpregnant state .78 Mineralocorticoid replacement require
ments usually do not change during gestation, although some 
clinicians have reduced doses of fludrocortisone in the third
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trimester in an attempt to treat Addisonian patients who develop 
edema, exacerbation of hypertension, and preeclampsia.78

Patients who have received glucocorticoids as antiinflam
matory therapy are presumed to have adrenal axis suppres
sion for at least 1 year following cessation o f such therapy. ̂  
These patients should be treated with stress doses o f gluco
corticoids during labor and delivery. They are at risk for post
operative wound infection and dehiscence, as are patients with 
endogenous Cushing syndrome, and their offspring are at risk 
for transient adrenal insufficiency.

Primary Hyperaldosteronism
Primary hyperaldosteronism rarely has been reported in 
pregnancy and is most often caused by an adrenal ade- 
noma.8' *’ Reports of glucocorticoid-remediable hyperaldoste
ronism in pregnancy are rare.90 The elevated aldosterone levels 
found in affected patients during pregnancy are similar to those 
in normal pregnant women, but the plasma renin activity is sup
pressed.88 Moderate to severe hypertension develops in 85%, 
proteinuria in 52%, and hypokalemia in 55% of patients; symp
toms may include headache, malaise, and muscle cramps.86 89 

Placental abruption and preterm delivery are also risks.86,8' Inter
estingly, the very high progesterone levels of pregnancy may have 
an antimineralocorticoid effect at the renal tubules, and thus the 
hypertension and hypokalemia may ameliorate during preg
nancy in some women .89

Spironolactone, the usual nonpregnant therapy for hyper
aldosteronism, is contraindicated in pregnancy because it 
crosses the placenta and is a potent antiandrogen, which can 
cause ambiguous genitalia in a male fetus.‘S6 Eplerenone, a 
more selective aldosterone receptor blocker without antiandro
gen activity, has been used successfully in one case during preg
nancy without any untoward consequences for the fetus.51 

Surgical therapy may be delayed until after delivery if  hyperten
sion can be controlled with agents safe in pregnancy, such as 
amiloride, methyldopa, labetalol, and calcium channel block
ers.86,87 On the other hand, laparoscopic removal of an aldoste
rone-producing adenoma during pregnancy has been reported.88 

Potassium supplementation may be required, but the hypokale
mia may ameliorate in pregnancy because of the antikaliuretic 
effect of progesterone. Both hypertension and hypokalemia 
may exacerbate postpartum because of removal of the progester
one effect.89

Pheochromocytoma
Exacerbation o f hypertension is the typical presentation of 
pheochromocytoma, which can often be mistaken for preg- 
nancy-induced hypertension or preeclampsia. ,5 As the 
uterus enlarges and an actively moving fetus compresses 
the neoplasm, maternal complications such as severe hyper
tension, hemorrhage into the neoplasm, hemodynamic col
lapse, myocardial infarction, cardiac arrhythmias, congestive 
heart failure, and cerebral hemorrhage may occur. In 10% of 
patients, tumors may be outside of the adrenal, such as at the 
aortic bifurcation, and are particularly prone to hypertensive 
episodes with changes in position, uterine contractions, fetal 
movement, and Valsalva maneuvers.92'95 Unrecognized pheo
chromocytoma has been associated with a maternal mortality 
rate of 50%.92'95

Placental transfer of catecholamines is m inimal,96 

likely because of high placental concentrations of catechol 
O-methyltransferase and monoamine oxidase.96 Adverse

fetal effects such as hypoxia are a result o f catecholamine- 
induced uteroplacental vasoconstriction and placental insuf
ficiency92,93 and o f maternal hypertension, hypotension, or 
vascular collapse. Placental abruption may also occur.92

Diagnosis requires a high index of suspicion. Preconception 
screening of families known to have multiple endocrine neopla
sia (MEN) type 2, von Hippel-Lindau disease, and neurofibro
matosis is important.97 The diagnosis should be considered in 
pregnant women with severe or paroxysmal hypertension, 
particularly in the first half o f pregnancy or in association 
with orthostatic hypotension or episodic symptoms o f pallor, 
anxiety, headaches, palpitations, chest pain, or diaphoresis.

Laboratory diagnosis o f pheochromocytoma relies on 
measuring urine metanephrines and catecholamines and 
plasma metaneprhines.9 11 This is unchanged from the non
pregnant state because catecholamine metabolism is not 
altered by pregnancy per se. If possible, methyldopa and labet
alol should be discontinued because these agents may interfere 
with the quantification of the catecholamines.98 Tumor localiza
tion with MRI, with high-intensity signals noted onT 2-weighted 
images, provides the best sensitivity without fetal exposure to 
ionizing radiation .92,93

Differentiation from preeclampsia is generally simple. Edema, 
proteinuria, and hyperuricemia found in women with pre
eclampsia are absent in those with pheochromocytomas. Plasma 
and urinary catecholamines may be modestly elevated in severe 
preeclampsia and other serious pregnancy complications that 
require hospitalization, although they remain normal in mild 
preeclampsia or in pregnancy-induced hypertension .99 Catechol
amine levels are two to four times normal after an eclamptic 
seizure, however. 100

Initial medical management involves a-blockade with 
phenoxybenzamine, phentolamine, prazosin, or labetalol. All 
of these agents are well-tolerated by the fetus, but phenoxyben
zamine is considered the preferred agent because it provides 
long-acting, stable, noncompetitive blockade.92'95 Phenoxyben
zamine is started at a dose of 1 0  mg twice daily, with titration 
until the hypertension is controlled. Placental transfer of 
phenoxybenzamine occurs101 but is generally considered safe.92'95 

However, two neonates of mothers treated with phenoxybenza
mine have been reported with respiratory distress and hypoten
sion that required ventilatory and inotropic support. 102 

Beta-blockade is reserved for treating maternal tachycardia 
or arrhythmias that persist after full (X-blockade and volume 
repletion.92"95 (3-Blockers may be associated with fetal bradycar
dia and with IUGR but are generally safe, with wide experience 
concerning their use.93 All of these potential fetal risks are small 
compared with the risk of fetal wastage from unblocked high 
maternal levels of catecholamines. Hypertensive emergencies 
should be treated with phentolamine (1 to 5 mg) or nitroprus- 
side, although the latter should be limited because of potential 
fetal cyanide toxicity.

Timing of surgical excision of the neoplasm is controversial 
and may depend on the success of the medical management and 
the location of the tumor. Pressure from the uterus, motion 
o f the fetus, and labor contractions are all stimuli that may 
cause an acute crisis. In the first half of pregnancy, surgical 
excision may proceed once adequate a-blockade is established, 
although the risk of fetal loss may be higher with first-trimester 
surgery. In the early second trimester, fetal loss is less likely with 
surgery compared with the first trimester, and the size of the 
uterus will not make excision difficult. If a pheochromocytoma
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944 Section VI Pregnancy and Coexisting Disease

is not recognized until the second half of gestation, increasing 
uterine size makes surgical exploration challenging. Successful 
laparoscopic excision of pheochromocytomas has been described 
in the second trimester.92'95 Other options include combined 
cesarean delivery and tumor resection or delivery followed by 
tumor resection at a later date.

Although successful vaginal delivery has been reported, 103 

rates of maternal mortality have been higher than with cesarean 
delivery. Labor may result in uncontrolled release of catechol
amines secondary to pain and uterine contractions. Severe 
maternal hypertension may lead to placental ischemia and fetal 
hypoxia. Cesarean delivery is most common, but in the well- 
blocked patient, vaginal delivery may be possible with pain 
management with epidural anesthesia and use of techniques of 
passive descent and instrumented delivery.
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Hematologic Complications 
of Pregnancy

m m h h h h b m i PHILIP SAMUELS
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Immune Thrombocytopenic Purpura 948 
Thrombotic Thrombocytopenic Purpura 

and Hemolytic Uremic Syndrome 948 
Evaluation of Thrombocytopenia  

During Pregancy and the  
Puerperium 949

Therapy of Thrombocytopenia  
During Pregnancy 950

Gestational Thrombocytopenia 950 
Immune Thrombocytopenic Purpura 950 
Management of Thrombotic  

Thrombocytopenic Purpura and 
Hemolytic Uremic Syndrome 951 

Fetal/IMeonatal A lloim mune  
Thrombocytopenia 952

Iron Deficiency Anemia 952 
Megaloblastic Anemia 955 
Hemoglobinopathies 956
Hemoglobin S 956 
Hemoglobin SC Disease 958 
Thalassemia 958 
von Willebrand Disease 960

KEY ABBREVIATIO NS

C horionic v illus  sam pling CVS
Hem olysis, elevated liver enzymes, HELLP

low  platelets
H em olytic urem ic syndrom e HUS
Human im m unodefic iency virus HIV
Im m une th rom bocytopen ic  purpura ITP
Im m unog lobu lin  G igG
Intravenous im m unog lobu lin IVIG
Mean corpuscular vo lum e MCV
Polymerase chain reaction PCR
Red blood cell RBC
T hrom botic  th rom bocytopen ic TTP

purpura
U nusually large m ultim ers  o f von ULVW f

W illebrand factor
U rinary tract infection UTI
von W illebrand cleaving enzyme ADAMTS13
von W illebrand disease vW D
von W illebrand factor vWF

PREGNANCY-ASSOCIATED  
THROMBOCYTOPENIA
Affecting approximately 4% of pregnancies, thrombocytopenia 
is the most frequent hematologic complication of pregnancy 
that results in consultation. As gestation progresses, platelet 
counts generally fall slightly owing to hemodilution and increased 
destruction.1 Commonly, platelet counts will reach a nadir of 
120,000/mm3 during pregnancy; however, they should not fall 
below the normal range. In pregnancy, the vast majority o f 
cases o f mild to moderate thrombocytopenia are caused by 
gestational thrombocytopenia.2 This form o f thrombocyto
penia has little likelihood o f causing maternal or neonatal 
complications.3 The obstetrician, however, should rule out

other etiologies of thrombocytopenia that are associated with 
severe maternal or perinatal morbidity. The common and rare 
causes of thrombocytopenia in the gravida at term are shown in 
the Box 44-1.

Gestational Thrombocytopenia
Most patients with gestational thrombocytopenia generally have 
a platelet count of 120,000 to 149,000/mm3. However, about
1% of patients with gestational thrombocytopenia will have a 
platelet count of 50,000 to 99,000/mm3. These patients require 
no therapy, and the fetus appears to be at negligible risk of 
being born with clinically significant thrombocytopenia or a 
bleeding diathesis. This distinct entity was first suggested but 
not specifically defined in a study published in 1986 by Hart and 
colleagues.4 In this report, 28 of 116 pregnant women (24%) 
who were evaluated prospectively during an 8-month period 
had platelet counts less than 150,000/mm3 at least once during 
pregnancy. In all 17 patients who were followed after delivery, 
platelet counts returned to normal. These researchers were actu
ally describing gestational thrombocytopenia before the con
dition had been recognized as a distinct entity. Samuels and 
colleagues5 also investigated 74 mothers with gestational throm
bocytopenia. Regardless of platelet antibody status, none of the 
infants born to these mothers demonstrated thrombocytopenia. 
Burrows and Kelton6 have further shown that there is little risk 
to the mother or neonate in cases o f gestational thrombocy
topenia. In their study of 1357 healthy, pregnant women, 112 
(8.3%) had platelet counts less than 150,000/mm3. The lowest 
platelet count was 97,000/mm3. The incidence of thrombocy
topenia (platelet count < 150,000/mm3) in the infants of these
112 women was 4.3% , not statistically different from infants 
born to healthy pregnant women without thrombocytopenia 
(1 .5% ).5 None of these infants had platelet counts less than 
100,000/mm3. Indeed, the reports by Samuels and colleagues5 
and Burrows and Kelton6 have convincingly demonstrated that 
gestational thrombocytopenia is a distinct and common entity 
that requires no treatment. However, the obstetrician must 
use judgment in giving this diagnosis because no test exists
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948 Section VI Pregnancy and Coexisting Disease

BOX 44-1 CAUSES OF THROMBOCYTOPENIA 
DURING PREGNANCY
Common Causes
Gestational th rom bocytopenia  
Severe preeclam psia
Hem olysis, elevated liver enzym es, low  platelets (HELLP) 

syndrom e  
D issem inated intravascular coagulation

Uncommon Causes
Im m une th rom bocytopenic  purpura  
A ntiphospholipid antibody syndrom e  
System ic lupus erythem atosus  
Hum an im m unodefic iency virus (HIV) infection

Rare Causes
Throm botic  th rom bocytopenic  purpura  
Hem olytic  urem ic syndrom e  
Type 2b von W illebrand syndrom e  
H em oglobin SC crisis w ith  splenic sequestration  
Folic acid deficiency  
Hem atologic m alignancies
M ay-H egglin  anom aly  (congenital throm bocytopenia) 
W iskott-A ldrich syndrom e

for this disorder. If platelet counts continue to fall to levels 
below 50,000/mm3, other diagnoses should be entertained.

The decrease in platelet count that occurs in gestational 
thrombocytopenia is not merely the result of dilution of platelets 
with increasing blood volume; it also appears to be due to an 
acceleration of the normal increase in platelet destruction that 
occurs during pregnancy. This is demonstrated by the fact that 
the mean platelet volume (MPV) is increased in patients with 
gestational thrombocytopenia. However, if  the platelet counts 
fall below 20,000/mm3 or if  clinical bleeding is present, further 
investigation and intervention are warranted. This scenario, 
however, is rare, and it is difficult to determine whether these 
patients with profound thrombocytopenia have gestational 
thrombocytopenia or thrombocytopenia from another cause. 
Platelet antibody testing should only be utilized if suspicion is 
high for immune thrombocytopenic purpura (ITP). This would 
include a platelet count less than 50,000/mm3

Immune Thrombocytopenic Purpura
Immune thrombocytopenic purpura affects 1 to 3 per 1000 
pregnancies and rarely causes neonatal complications. Although 
rare cases of neonatal thrombocytopenia have been reported, 
fetal complications are almost nonexistent.5 Therefore the focus 
should be on maternal disease and well-being.

In general, pregnancy has not been determined to cause 
ITP or to change its severity, but rare exceptions do exist. Har
rington and associates7 were the first to demonstrate that ITP 
was humorally mediated, and Shulman and colleagues8 showed 
that the mediator of this disorder was immunoglobulin G (IgG). 
These findings were confirmed when Cines and Schreiber9 devel
oped the first platelet antiglobulin test, a radioimmunoassay, in 
1979. Today, this test is usually performed using an enzyme- 
linked immunosorbent assay (ELISA) or flow cytometry. Newer 
assays have shown that these autoantibodies may be directed 
against specific platelet surface glycoproteins, including the lib/ 
I lia  and Ib/IX complexes.10 In vivo, after the platelets are coated 
with antibody, they are removed from circulation by binding to

BOX 44-2 PENTAD OF FINDINGS IN THROMBOTIC 
THROMBOCYTOPENIC PURPURA*
M icroang iopathic  hem olytic  anem ia* 
Throm bocytopenia*
Neurologic abnorm alities* that include confusion, 

headache, paresis, visual hallucinations, seizures  
Fever
Renal dysfunction

♦The classic pentad is found in only 40% o f patients. 
’These three findings are present in 74% of patients.

the Fc receptors of macrophages in the reticuloendothelial 
system, especially the spleen. Approximately 90%  o f women 
with ITP have platelet-associated IgG. ’ Unfortunately, this is 
not specific for ITP, because studies have shown that these 
tests are also positive in women with gestational thrombocy
topenia and preeclampsia.

To make the issue more confusing, the pathogenesis of ITP 
in children and adults usually differs. Childhood ITP most often 
follows a viral infection and clinically presents with petechiae 
and bleeding. This form of ITP is generally self-limited and 
disappears over time. Conversely, adults have milder bleeding 
and easy bruisability and are often diagnosed after a prolonged 
period of subtle symptoms. Adult ITP usually runs a chronic 
course, and long-term therapy is often eventually needed. Many 
pregnancies occur in women in their late teens and early twen
ties. In these women with a history of ITP, it may be difficult 
to ascertain whether the patient has childhood ITP or adult ITP. 
The distinction is important for counseling concerning long
term prognosis.

ITP has a predisposition for women aged 18 to 40 years, 
with an overall female-male ratio o f 1 .7 .11 It is a diagnosis of 
exclusion. The patient must have isolated thrombocytopenia 
with an unremarkable peripheral smear. She must have only 
bleeding clinically consistent with a depressed platelet count, 
such as petechiae. She must not be taking any medication, herbal 
compound, or illicit drug that may cause thrombocytopenia. 
Finally, the patient must have no other disease process than can 
cause thrombocytopenia, such as those listed in the box earlier 
in this chapter.11,12 The American Society of Hematology has 
published a review of ITP that details the diagnostic and thera
peutic guidelines.13

Thrombotic Thrombocytopenic Purpura 
and Hemolytic Uremic Syndrome
These two conditions are characterized by microangiopathic 
hemolytic anemia and severe thrombocytopenia. Pregnancy does 
not predispose a patient to these conditions, but they should 
be considered when evaluating the gravida with severe throm
bocytopenia. Thrombotic thrombocytopenic purpura (TTP) is 
characterized by a pentad of findings, which are shown in Box 
44-2 .14,15 The complete pentad occurs only in approximately 
40%  o f patients, but approximately 75%  have a triad of 
microangiopathic hemolytic anemia, thrombocytopenia, 
and neurologic changes.16 Pathologically, these patients have 
thrombotic occlusions of arterioles and capillaries.14 These occur 
in multiple organs, and no specific clinical manifestation for the 
disease is recognized. The clinical picture reflects the organs that 
are involved.
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Chapter 44 Hem atologic Com plications of Pregnancy 949

TTP/hemolytic uremic syndrome (HUS) may mimic pre
eclampsia. Because preeclampsia is much more common than 
this disorder, it should be considered first. However, delay in 
diagnosing TTP/HUS can have fatal consequences.

To diagnose the hemolytic anemia associated with TTP, 
the indirect antiglobulin (Coombs) test must be negative. 
This rules out an immune-mediated cause for the hemolytic 
anemia. Lactate dehydrogenase (LDH) should be elevated, the 
indirect bilirubin should be increased, and haptoglobin should 
be decreased, indicating ongoing hemolysis. Schistocytes are 
usually seen on the peripheral smear, if  it is carefully reviewed. 
These tests all signify hemolysis, but specificities and sensitivities 
differ. For instance, LDH can be elevated in liver disease. Schis
tocytes are very specific but manifest themselves once the hemo
lysis is severe. The clinician should use the clinical picture, as 
well as some of these tests, to make the diagnosis of hemolysis. 
To be classified as TTP, the platelet count should be less than 
100,000/mm3. In renal insufficiency associated with TTP, the 
urine sediment is usually normal with an occasional red blood 
cell (RBC). This finding helps distinguish this disorder from a 
lupus flare, which more often has associated hematuria and casts. 
The serum creatinine is usually greater than 2 mg/dL. This 
degree of renal dysfunction is unusual, but not rare, in pre
eclampsia. Proteinuria, more than a trace amount, is usually seen 
on urine dipstick.

The neurologic findings in TTP are usually nonspecific. 
They include headache, confusion, and lethargy. Infrequently, 
generalized tonic-clonic seizures occur. Terrell and coworkers17 
examined the epidemiology of TTP/HUS occurring in Okla
homa between 1996 and 2004. In 206 reported cases, they 
found that 37% were idiopathic. However, 13% were associated 
with an autoimmune disease, and 7% occurred in pregnancy 
and postpartum. These researchers were able to project that the 
annual incidence of suspected TTP/HUS is 11 cases per million 
population, whereas the annual incidence of proven cases is 4.5 
cases per m illion.1 If this disease is so rare, why include it 
in a text on obstetrics? Because i f  untreated, TTP carries a 
90%  mortality rate, whereas treatment with plasma exchange 
decreases the mortality rate to 20% . Therefore obstetricians 
must be aware of this disease process so it can be quickly and 
aggressively treated.

Tsai and colleagues 1 have found that a decrease o f 
ADAMTS13 (the von Willebrand cleaving enzyme) activ
ity is strongly associated with TTP. This metalloprotease, 
also known as von Willebrand cleaving enzyme, cleaves unusu
ally large multimers of von Willebrand factor (ULVWf). 
Activity can be decreased from a decrease in the metallopro
tease or antibodies against it. If a deficiency in the activity 
and/or concentration of ADAMTS13 is apparent, ULVWf 
circulates in increased amounts, leading to increased plate
let aggregation and the initiation of TTP. ADAMTS13 
can be readily assayed in clinical laboratories. Ferrari and col
leagues20 have shown that all four immunoglobulin subclasses 
o f anti-ADAMTS13 antibodies are associated with TTP, but 
the IgG4 subclass is most common. Congenital TTP is usually 
associated with a mutation of ADAMTS13 that leads to a pro
found decrease in its activity.21 Moatti-Cohen and colleagues21 
queried the French registry of thrombotic microangiopathies and 
found that 24% of women who developed TTP during preg
nancy had the congenital type (Upshaw-Schulman syndrome) 
compared with less than 5% of total adult cases. Weiner22 has 
published the most extensive literature review concerning TTP.

In this series of 45 patients, 40 developed the disease antepar
tum, and 50%  occurred before 24 weeks’ gestation. The mean 
gestational age at onset o f symptoms was 23.4 weeks. This 
finding may be helpful when trying to distinguish TTP from 
other causes of thrombocytopenia and microangiopathic hemo
lytic anemia that occur during gestation. In Weiner’s review, the 
fetal and maternal mortality rates were 84% and 44%, respec
tively. These mortality rates are overly pessimistic, because this 
series included many patients who contracted the disease before 
plasma infusion/exchange therapy was utilized to treat TTP.

However, TTP may be confused with rarely occurring early- 
onset severe preeclampsia. In preeclampsia, antithrombin III 
levels are frequently low, and this is not the case with TTP. 
This test, therefore, may be a useful discriminator between 
these two disorders.

Although HUS has many features in common with TTP, it 
usually has its onset in the postpartum period. Patients with 
HUS display a triad of microangiopathic hemolytic anemia, 
acute nephropathy, and thrombocytopenia. HUS is rare in 
adults, and the thrombocytopenia is usually milder than that 
seen in TTP, with only 50% of patients having a platelet count 
less than 100,000/mm3 at the time of diagnosis. The thrombo
cytopenia worsens as the disease progresses. A major difference 
between TTP and HUS is that 15% to 25% of patients with 
HUS develop chronic renal disease. HUS often follows infec
tions with verotoxin-producing enteric bacteria. Cyclosporine 
therapy, cytotoxic drugs, and oral contraceptives may predispose 
adults to develop HUS. The majority o f cases o f HUS that 
occur in pregnancy develop at least 2 days after delivery. In 
fact, in one series, only 9 of 62 cases (14.5%) of pregnancy- 
associated HUS occurred antepartum. Four of these nine 
patients developed symptoms on the day of delivery. The mean 
time from delivery to development of HUS in patients in this 
series was 26.6 days. The maternal mortality rate may exceed 
50% in postpartum HUS; however, this mortality rate is based 
on historic data. W ith plasmapheresis and dialysis, the likeli
hood of maternal death is probably much less. It is not impor
tant to make the distinction between TTP and HUS, because 
the initial therapy for both disorders is plasmapheresis.

EVALUATION OF THROMBOCYTOPENIA 
DURING PREGANCY AND THE PUERPERIUM
Before deciding on a course to follow in treating the patient with 
thrombocytopenia, the obstetrician must evaluate the patient 
and attempt to ascertain the etiology of her low platelet count, 
realizing that gestational thrombocytopenia will be the most 
likely diagnosis. Important management decisions are depen
dent on arriving at an accurate diagnosis; therefore a complete 
medical history is critically important. It is essential to learn 
whether the patient has previously had a depressed platelet count 
or bleeding diathesis. It is also important to know whether these 
clinical conditions occur coincidentally with pregnancy. A com
plete medication history should be elicited, because certain 
medications— such as heparin, many antibiotics, and histamine-2 
blockers—can result in profound maternal thrombocytopenia. 
The obstetric history should focus on whether any maternal or 
neonatal bleeding problems occurred in the past. Excessive 
bleeding from an episiotomy site or cesarean delivery inci
sion site or bleeding from intravenous (IV) sites during labor 
should alert the physician to the possibility o f thrombocyto
penia in the previous pregnancy. The obstetrician should also
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950 Section VI Pregnancy and Coexisting Disease

question whether the infant had any bleeding diathesis or any 
problem occurred following a circumcision. The obstetrician 
should also ask pertinent questions to determine whether severe 
preeclampsia or hemolysis, elevated liver enzymes, and low 
platelets (HELLP) syndrome is the cause of her thrombocyto
penia. The treatment of preeclampsia and HELLP are discussed 
in Chapter 31. All thrombocytopenic pregnant women should 
be carefully evaluated for the presence of risk factors for human 
immunodeficiency virus (HIV) infection, because this infection 
can cause an ITP-like syndrome. Also, a family history should 
be elicited because familial forms of thrombocytopenia exist.

An accurate assessment of gestational age should also be 
carried out. This is important not only in helping to determine 
the etiology of the thrombocytopenia but also in the timing of 
delivery. A thorough physical examination of the patient should 
be performed, and the physician should look for the presence of 
ecchymoses or petechiae. The conjunctivae and nail beds often 
reveal petechiae when they are not readily apparent elsewhere 
on the body. Blood pressure should be determined to ascertain 
whether the patient has impending preeclampsia. If the patient 
is developing HELLP syndrome, scleral icterus may be present, 
and an eye exam should be performed to look for evidence of 
arteriolar spasm or hemorrhage.

It is imperative that a peripheral blood smear be examined 
by an experienced physician or technologist whenever a case 
of pregnancy-associated thrombocytopenia is diagnosed. Ihe 
presence or absence of evidence of microangiopathic hemolysis 
on the smear will help establish a diagnosis. This specialist can 
also rule out platelet clumping, which will result in a factitious 
thrombocytopenia. Platelet clumping in ethylenediaminetet- 
raacetic acid (EDTA, a lavender-top tube) occurs in about 3 per 
1000 individuals and may lead to a spurious diagnosis of throm
bocytopenia. If platelet clumping is suspected, the physician 
should ask the laboratory to perform a platelet count on citrate- 
collected blood (a blue-top tube). If the count is normal, platelet 
clumping is likely, and the patient is not thrombocytopenic. 
Other laboratory evaluations should be performed as necessary 
to rule out preeclampsia and HELLP syndrome as well as dis
seminated intravascular coagulation (D IC). If a diagnosis of ITP 
is entertained, appropriate platelet antibody testing may aid in 
the diagnosis but is of limited utility during pregnancy.

After determining the etiology of thrombocytopenia, the phy
sician can better determine whether imminent delivery is neces
sary, if  the thrombocytopenia should be treated before initiating 
delivery, or if  the low platelet count should be monitored during 
an ongoing pregnancy.

THERAPY OF THROMBOCYTOPENIA 
DURING PREGNANCY 
Gestational Thrombocytopenia
Gestational thrombocytopenia, the most common form 
o f thrombocytopenia encountered in the third trimester, 
requires no special intervention or therapy. The most impor
tant therapeutic issue is to refrain from treatment and testing 
that may lead to unnecessary intervention or iatrogenic preterm 
delivery. In patients with mild to moderate thrombocytopenia 
and no antenatal or antecedent history of thrombocytopenia, 
the patient should be treated as a normal pregnant patient. If 
the maternal platelet count drops below 50,000/mm3, the 
patient may still have gestational thrombocytopenia, but not 
enough data are available on mothers with counts this low to

determine whether any maternal or fetal risks exist. These 
patients, therefore, should be treated as if  they have de novo ITP. 
Although approximately 4% of patients have gestational throm
bocytopenia, less than 1% of alternate uncomplicated pregnant 
women will have gestational thrombocytopenia with platelet 
counts less than 100,000/mm3.6

Immune Thrombocytopenic Purpura
Treatment of the gravida with ITP during pregnancy and the 
puerperium requires special attention to the mother, because 
platelet counts can drop to very low numbers during gestation. 
As in other cases of thrombocytopenia, maternal therapy needs 
to be instituted only if  a bleeding diathesis is evident or to 
prevent a bleeding complication if  surgery is anticipated. Usually 
no spontaneous bleeding is present unless the platelet count 
falls below 20,000/mm3.23 In a meta-analysis of 17 studies, the 
risk of fatal hemorrhage in an individual younger than 40 years 
of age with a platelet count less than 30,000/mm3 was 0.4%. 
The predicted 5-year mortality rate in this setting was 2.2% .23 
Surgical bleeding does not usually occur until the platelet 
count is less than 50,000/mm3. The American Society of 
Hematology presently recommends that hospital admission 
is not necessary unless the platelet count falls to below 
20,000/mm3 or i f  clinical bleeding is present.21

The conventional forms of raising the platelet count in the 
patient with ITP include glucocorticoid therapy, IV gamma 
globulins, platelet transfusions, and splenectomy. If the patient 
has clinical bleeding or if the platelet count is below 20,000/ 
mm3, there is usually a need to raise the platelet count in a 
relatively short period of time. Although oral glucocorticoids can 
be used, IV glucocorticoids may work more rapidly. Any steroid 
with a glucocorticoid effect can be used. However, hematolo
gists have had the most experience w ith  methylprednisolone. 
This m edication can be given intravenously and has very 
li t t le  m inera locortico id  effect. It is important to avoid steroids 
with strong mineralocorticoid effects because these agents can 
disturb electrolyte balance, cause fluid retention, and result in 
hypertension. The usual dose of methylprednisolone is 1.0 to 
1.5 mg/kg of total body weight intravenously daily in divided 
doses. It usually takes approximately 2 days for a response, 
but it may take up to 10 days for a maximum response. Even 
though methylprednisolone has very little mineralocorticoid 
effect, some may be observed because of the large dose being 
administered. Therefore i t  is im p o rta n t to  fo llo w  the patient’s 
electrolytes. The likelihood is low that methylprednisolone will 
cause neonatal adrenal suppression because little crosses the pla
centa. It is metabolized by placental 11 (3-dehydrogenase type 1 
to an inactive 11 -keto metabolite. Park-Wyllie and colleagues24 
performed a meta-analysis, which confirmed the general safety 
of glucocorticoids during pregnancy. They did, however, find a 
3.4-fold increased risk of cleft lip and palate with first-trimester 
exposure. The risk/benefit ratio should be discussed with the 
patient before initiation of therapy (see Chapter 8).

After the platelet count has risen satisfactorily using IV meth
ylprednisolone, the patient can be switched to oral prednisone. 
The usual dose is 60 to 100 mg/day. Prednisone can be given 
in a single dose, but less gastrointestinal upset occurs with 
divided doses. The physician can rapidly taper the dose to 30 to 
40 mg/day and decrease it slowly thereafter. The dose should be 
titrated to keep the platelet count at approximately 100,000/ 
mm3. If therapy is initiated with oral prednisone, the usual daily 
dose is 1 mg/kg total body weight.

ak
us

he
r-li

b.r
u



Chapter 44 Hem atologic Com plications o f Pregnancy 951

The likelihood of a favorable response to glucocorticoids is 
about 70%. It is important to realize that i f  the patient has 
been taking glucocorticoids for a period o f at least 2 to 3 
weeks, she may have adrenal suppression and should undergo 
increased doses o f steroids during labor and delivery to avoid 
an adrenal crisis. Tapering should be done slowly thereafter. 
Also, if  the patient has been taking glucocorticoids for some 
time, she may experience significant side effects, including fluid 
retention, hirsutism, acne, striae, poor wound healing, and 
monilia vaginitis. In rare circumstances, patients on long-term 
steroids during gestation can develop osteopenia or cataract 
formation. The chance of any fetal or neonatal side effects from 
the glucocorticoids, however, is remote.

Although glucocorticoids are the mainstays o f treating 
maternal thrombocytopenia, up to 30%  o f patients do not 
respond to these medications. In such cases, IV immuno
globulin (IVIG) is used. This agent probably works by binding 
to the IgG Fc receptors on reticuloendothelial cells and prevent
ing destruction of platelets. It may also adhere to receptors on 
platelets and prevent antiplatelet antibodies from binding to 
these sites. The usual dose is 0.4 g/kg/day for 3 to 5 days. 
However, it may be necessary to use as much as 1 g/kg/day. The 
response usually begins in 2 to 3 days and peaks in 5 days. An 
alternative regimen is to give 1 g/kg once and observe the 
patient. Often this single dose will result in an adequate increase 
in platelets. The length of this response is variable, and the 
timing of the dose is extremely important. If the obstetrician 
wants a peak platelet count for delivery, therapy should be insti
tuted about 5 to 8 days before the planned delivery. The most 
frequent adverse reaction is postinfusion headache, which may 
be lessened by slowing the infusion rate.

IVIG is a blood product from many pooled donors. Early in 
its use, concerns were raised about hepatitis C  transmission. No 
recent cases of viral infection from IVIG use have been reported. 
This is due to careful donor screening as well as an intensive 
purification process. IVIG should be used before seriously 
contemplating splenectomy, because some patients experience 
long-term remission with IVIG, and others have a spontaneous 
increase in platelet counts postpartum. In severe life-threatening 
hemorrhage, recombinant factor V ila  can be used in conjunc
tion with other therapies. This is a very expensive and compli
cated therapy that should only be undertaken with the assistance 
of a physician familiar with its use.

IV anti-D has been used in emergent settings in Rh-positive, 
direct antiglobulin-negative patients. In life-threatening situa
tions, when other methods fail, this could be considered an 
option. The usual dose is 50 to 75 |Jg/kg.25 Anti-D binds to IgG 
Fc receptors different than those bound by IVIG.

The American Society o f Hematology (ASH) has made spe
cific recommendations for treating ITP in pregnancy.21 They 
state that virtually no indication exists for cordocentesis to deter
mine the fetal platelet count. This group recommends no phar
macologic treatment in the first or second trimesters unless 
the platelet count is less than 30,000/mm3 or if clinically 
significant bleeding is evident. I f the count is between 
10,000/mm3 and 30,000/mm3 in the second or third trimes
ter, IVIG is recommended. The ASH does not recommend 
platelet transfusion unless the platelet count falls below 
10,000/mm3.

In the midtrimester, splenectomy can also be used to raise the 
maternal platelet count. This procedure is reserved for those who 
do not respond to medical management, with the platelet count

remaining below 20,000/mm3 and with clinical bleeding. It can 
also be performed postpartum if  the patient does not respond 
to medical management. In extremely emergent cases of life- 
threatening bleeding or unresponsiveness to other therapies, 
splenectomy can be performed at the time of cesarean delivery 
after extending a midline incision cephalad.

In an emergent situation, platelets can be transfused during 
cesarean delivery if  significant clinical bleeding is evident. Plate
lets can be transfused before a vaginal delivery if  the mother’s 
platelet count is less than 10,000/mm3 or at any count if clini
cally significant bleeding is present. Each “pack” o f platelets 
increases the platelet count by approximately 10,000/mm3. 
The half-life o f these platelets is extremely short because the 
same antibodies and reticuloendothelial cell clearance rates 
that affect the mother’s endogenous platelets also affect the 
transfused platelets. However, i f  platelets are transfused at 
the beginning o f surgery, hemostasis adequate to carry out 
the surgical procedure should be provided.

If the patient with profound thrombocytopenia undergoes 
cesarean delivery, certain surgical precautions should be taken. 
Needless to say, the key is adequate surgical hemostasis. The 
bladder flap may be left open to avoid hematoma formation. If 
the parietal peritoneum is closed, subfascial drains are helpful if 
hemostasis is imperfect. If the peritoneum is not closed, the 
peritoneal edges should be carefully inspected to make certain 
no bleeding vessels are present. Small “bleeders” may not be 
apparent if  the patient is hypotensive; therefore the operator 
must watch for bleeding as the blood pressure rises toward the 
end of the surgical case. If severe, life-threatening hemorrhage 
occurs, recombinant factor V ila  and platelet transfusion can 
be used.

In summary, the treatment o f thrombocytopenia during 
gestation is dependent on its etiology. The obstetrician need 
not act on the mother’s platelet count unless it is below 30,000/ 
mm3, if  it is below 50,000/mm3 with evidence of clinical bleed
ing, or if  surgery is anticipated.9 In these cases, the treatment 
depends on the diagnosis. Furthermore, whether delivery needs 
to be expedited or can be delayed is also dependent on the etiol
ogy of thrombocytopenia, the patient’s physical health, fetal 
well-being, and gestational age.

MANAGEMENT OF THROMBOTIC 
THROMBOCYTOPENIC PURPURA AND 
HEMOLYTIC UREMIC SYNDROME
Before the use of plasma exchange, maternal and fetal outcomes 
in pregnancies complicated by TTP were uniformly poor.17 The 
first cases treated with plasma exchange for TTP during preg
nancy were reported in 1984, and no large series of patients with 
TTP in pregnancy have been undertaken. A review of 11 patients 
described in case reports reveals that the prognosis has improved 
greatly with plasma infusion and plasma exchange. 25 These 
researchers also demonstrated that cyclosporin may increase the 
duration of remission. In one case report, TTP relapses were 
prevented by using prophylactic monthly plasma exchange 
throughout gestation.2" i f  TTP is suspected, plasma exchange 
should be initiated immediately.

HUS has been more difficult to treat, and only a few case 
reports have appeared. Supportive therapy remains the main
stay in cases o f HUS, although dialysis is often necessary with 
close attention to fluid management. Platelet function inhibitors 
were used in two cases during pregnancy. Plasma infusion and
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plasma exchange can be attempted, but the results have not been 
as good as those observed in cases of TTP. Vincristine has been 
administered with some success in nonpregnant patients but has 
not been tried in pregnancy, and prostacyclin infusion has been 
effective in children but has not been used during pregnancy.

FETAL/NEONATAL ALLOIMMUNE 
THROMBOCYTOPENIA
In neonatal alloimmune thrombocytopenia, a rare disorder, 
the mother lacks a specific platelet antigen and develops 
antibodies to this antigen. The disease is somewhat analogous 
to Rh isoimmunization but involves platelets. If the fetus inher
its an antigen from its father and the mother lacks the antigen, 
maternal antibody can develop and can cross the placenta. This 
results in severe neonatal thrombocytopenia and possibly fetal 
intracranial hemorrhage. The mother, however, will have a 
normal platelet count. The most common antibodies noted in 
these patients is anti-HPA-la antibodies, although several 
other antibodies have been identified. If this disorder is sus
pected, the mother’s blood should be sent to a reference labora
tory with experience in diagnosing neonatal alloimmune 
thrombocytopenia. These patients should be managed in a 
tertiary care center with experience caring for mothers and 
infants with this rare disorder. Transfusion of maternal plate
lets into the neonate has improved outcome in these cases. After 
birth or in utero, the child can be transfused with the mother’s 
platelets (because she lacks the antigen) or with donor platelets 
known to lack the antigen. Bussel and colleagues27 demonstrated 
that neonates who had an older sibling that was affected, espe
cially with an antenatal intracranial hemorrhage, had lower 
platelet counts than the index pregnancy.28 Pacheco and col
leagues29 have described an excellent algorithm based on risk 
stratification for evaluating mothers at risk of having a neonate 
with alloimmune thrombocytopenia. It describes all of the 
testing that should be performed. McQuilten and colleagues30 
reviewed the experience in Australia and showed that cordocen
tesis with transfusion, IVIG administration, and corticosteroids 
have all been used with good results. Kamphuis and Oepkes31 
reviewed the experience in the Netherlands and demonstrated 
that weekly IVIG alone can virtually prevent fetal/neonatal 
intracranial hemorrhage in neonatal alloimmune thrombocyto
penia; therefore they believe that fetal blood sampling should 
be abandoned because of its risks. Rayment and coworkers32 
searched the Cochrane database and the Childbirth Groups trial 
register to ascertain whether they could discern the optimal 
management of alloimmune thrombocytopenia. They reviewed 
four trials that involved 206 patients. Because of incomplete 
data and differences in interventions, they could not conclude 
the best treatment plan for these patients.32 They convincingly 
show that more randomized studies to look at medication doses 
and timing need to be performed.31

IRON DEFICIENCY ANEMIA
During a singleton pregnancy, maternal plasma volume gradu
ally expands by approximately 50% (1000 mL). The total RBC 
mass also increases but only by approximately 300 mg (25%), 
and this starts later in pregnancy. It is not surprising, therefore, 
that hemoglobin and hematocrit levels usually fall during 
gestation. These changes are not necessarily pathologic but 
usually represent a physiologic alteration o f pregnancy. By 6

BOX 44-3 CAUSES OF ANEMIA DURING PREGNANCY
Common Causes: 85% of Anemia

Physiologic anem ia  
Iron deficiency

Uncommon Causes

Folic acid deficiency  
Vitam in  B12 deficiency  
H em oglobinopathies

• Sickle cell disease
• Hem oglobin  SC
• (3-Thalassemia m inor 

Bariatric surgery  
Gastrointestinal bleeding

Rare Causes

H em oglobinopathies
• (3-Thalassemia m ajor
• a-Thalassem ia  

Syndrom es of chronic hem olysis
• Hereditary spherocytosis
• Paroxysm al nocturnal hem oglobinuria  

Hem atologic m alignancy

weeks postpartum, in the absence of excessive blood loss during 
the puerperium, hemoglobin and hematocrit levels have returned 
to normal if  the mother has adequate iron stores.

Most clinicians diagnose anemia when the hemoglobin 
concentration is less than 11 g/dL or the hematocrit is less 
than 32% .33 Using these criteria, 50%  o f pregnant women 
are anemic. M any women have hemoglobin concentrations as 
low as 10 gm/dL and recover. The incidence of anemia changes 
depending on the population studied. It is unfortunate that this 
problem is often ignored; in developing nations, iron deficiency 
is an overwhelming problem, and worldwide, many maternal 
deaths occur because of excessive blood loss in those who were 
already anemic. Causes of anemia are shown in Box 44-3.

Approximately 75%  o f anemia that occurs during preg
nancy is secondary to iron deficiency. Ho and colleagues34 
performed elaborate hematologic evaluations of 221 gravidas at 
term in Taiwan. None of the studied patients received an added 
iron preparation during gestation. O f the previously nonanemic 
patients, 10.4% developed clinical anemia after a full-term deliv
ery. O f these 23 patients, 11 (47.8%) developed florid iron 
deficiency anemia, and another 11 demonstrated moderate iron 
depletion. The other anemic patient in the group had folate 
deficiency. O f the 198 nonanemic gravidas at term, 46.5% 
showed evidence of iron depletion stores even though they had 
a normal hematocrit. ̂

To distinguish the normal physiologic changes of pregnancy 
from those of pathologic iron deficiency, the normal iron 
requirements of pregnancy (Table 44-1) and the proper use of 
hematologic laboratory parameters must be understood. In adult 
women, iron stores are located in the bone marrow, liver, and 
spleen in the form of ferritin, which constitutes approximately 
25% (500 mg) of the 2 g of iron stores found in the normal 
woman. Approximately 65% of stored iron is located in the 
circulating RBCs. If the dietary iron intake is poor, the inter
val between pregnancies is short, or the delivery is compli
cated by hemorrhage, iron deficiency anemia readily and 
rapidly develops.
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TABLE 44-1 IRON REQUIREMENTS FOR PREGNANCY 
AND THE PUERPERIUM

FUNCTION REQUIREMENT

Increased red blood cell mass 450 mg
Fetus and placenta 360 mg
Vaginal delivery 190 mg
Lactation 1 mg/day

The first pathologic change to occur in iron deficiency anemia 
is the depletion of bone marrow, liver, and spleen iron stores. 
This may take a few weeks to a few months depending on the 
level of the woman’s iron stores. Over a period of a few weeks, 
the serum iron level falls, as does the percentage saturation of 
transferrin. The total iron-binding capacity rises simultaneously 
with the fall of iron, because this is a reflection of unbound 
transferrin. A falling hemoglobin and hematocrit follow within
2 weeks. Microcytic hypochromic RBCs are released into the 
circulation. If this is a pure iron deficiency, a reticulocytosis will 
occur within 3 days of initiating therapy, and the hemoglobin 
concentration will increase within a week. However, it may take 
more than a month to completely replete iron stores. A patient 
who has a very low hemoglobin as a result of iron deficiency 
immediately postpartum should return to normal by her 6-week 
postpartum visit. If iron deficiency is combined with folate or 
vitamin B12 deficiency, normocytic and normochromic RBCs 
are observed on the peripheral blood smear.

Care m ust be taken when using labora tory parameters to  
establish the diagnosis o f  iro n  deficiency anemia du ring  ges
ta tion . A serum iron concentration less than 60 mg/dL with a 
less than 16% saturation of transferrin is suggestive of iron 
deficiency. Conversely, a single normal serum iron concentration 
does not rule out iron deficiency. For example, a patient may 
take iron for several days, and this may result in a transiently 
normal serum iron concentration while iron stores are still neg
ligible. An increase in iron-binding capacity is not reliable, 
however, because 15% of pregnant women without iron defi
ciency show an increase in this parameter.35 If a patient has been 
iron deficient for an extended period of time, her serum iron 
level can rise before she has depleted her iron stores. The fe rr it in  
level indicates the to ta l status o f  her iro n  stores. Serum ferritin 
levels normally decrease m inimally during pregnancy. However, 
a significantly reduced ferritin concentration is indicative of iron 
deficiency anemia and is the best parameter to judge the degree 
of iron deficiency. However, ferritin levels are variable and can 
change 25% from one day to the next.36 Tran and colleagues3' 
have demonstrated that iron deficiency is the only possible diag
nosis for a low ferritin. If a ferritin of 41 ng/mL is used as a 
cutoff, serum ferritin has 98% sensitivity and 98% specificity in 
diagnosing iron deficiency.38 This is true if  there is no concomi
tant infectious or inflammatory process.

Ahluwalia39 compared iron status in normal and obese 
pregnant women and found by comparing ferritin that obese 
women had decreased iron stores. It was also found that 
obese pregnant women had higher concentrations of the inflam
matory marker hepcidin, the concentration of which correlated 
directly with iron status; it was therefore surmised that chronic 
inflammation in obese pregnant women may impede their 
ability to absorb iron.

As part of a large study that included 1171 pregnant women 
between 1999 and 2006, Mei and colleagues,40 working through 
the National Centers for Chronic Disease Prevention and Health

TABLE 44-2 ELEMENTAL IRON AVAILABLE FROM 
_____________COMMON GENERIC IRON PREPARATIONS

PREPARATION ELEMENTAL IRON (mg)

Ferrous gluconate 325 mg 37-39
Ferrous sulfate 325 rng 60-65
Ferrous fumarate 325 mg ____________________  107____________

Promotion, assessed total body iron using ferritin and soluble 
transferrin receptor concentrations. They found that iron defi
ciency increased during pregnancy from 6.9% ± 2.2% in the 
first trimester to 29.5%  ± 2.7% in the third trimester. The 
prevalence of iron deficiency was highest in women with a parity 
of at least two. Iron deficiency was significantly higher in 
Mexican-American and non-Hispanic black women. Statistical 
analysis showed that this difference was not due to educational 
level or family income.40

Bone marrow aspiration is rarely necessary for the diagnosis 
of iron deficiency. It is reserved for persistent anemia with con
fusing hematologic parameters and can be safely performed 
during pregnancy.

Whether all women should receive prophylactic iron in addi
tion to that contained in prenatal vitamins during pregnancy 
remains controversial. In reviewing the Cochrane database, 
M ilman and colleagues41 found that 20% of fertile women have 
iron stores greater than 500 mg, which is the required minimum 
for pregnancy. They also noted that 40% of women have iron 
stores between 100 and 500 mg, and 40% have virtually no 
iron stores. Based on these data, most women do need some 
iro n  supplem entation. No consensus was reached, however, 
on how much iron supplementation may be needed in patients 
with iron deficiency.

In pregnancy, iron absorption from the duodenum increases, 
providing 1.3 to 2.6 mg of elemental iron daily. An acid envi
ronment in the duodenum helps this absorption; therefore the 
frequent ingestion of antacid medications commonly used by 
many patients decreases the absorption of iron. Chronic use of 
Ht blockers and proton pump inhibitors also diminishes iron 
absorption. Vitamin C, in addition to the iron, may increase the 
acidic environment of the stomach and increase absorption. In 
patients who do not show clear signs of iron deficiency, it is 
uncertain whether prophylactic iron, in addition to what is in 
prenatal vitamins, leads to an increased hemoglobin concentra
tion at term. Iron prophylaxis, however, is safe because only 
amounts that can be used are absorbed. W ith the exception of 
dyspepsia and constipation, side effects are few. One 325 mg 
tablet o f  ferrous sulfate da ily  provides adequate prophylaxis. 
I t  contains 60 mg o f  elemental iron , 10% o f  w hich is 
absorbed. If the iron is not needed, it w ill not be absorbed and 
will be excreted in the feces. The standard generic iron tablets 
and the amount of elemental iron they provide are listed in 
Table 44-2.

In iron-deficient patients, one iron tablet three times daily has 
been recommended, although the evidence-based source of this 
recommendation is difficult to ascertain. Most individuals can 
absorb as much iron as they need taking iron twice daily. Iron 
should be taken 30 minutes before meals to allow maximum 
absorption. However, when taken in this manner, dyspepsia and 
nausea are more common. Therapy, therefore, must be individu
alized to maximize patient compliance. Reveiz and colleagues33 
examined the Cochrane database to see whether an optimal
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954 Section VI Pregnancy and Coexisting Disease

treatment for iron deficiency during pregnancy could be dis
cerned. They identified 23 trials that comprised 3198 women. 
M any of the trials were from low-income countries, were gener
ally small, and had poor methodology. Although oral iron sup
plementation led to a reduction in the incidence of anemia, it 
was not possible to assess the effects of treatment by severity of 
anemia. The authors concluded that despite a high incidence 
and significant ramifications of this disease, a paucity of good- 
quality trials exists. Whereas these trials could be relatively easy 
to design and would be relatively inexpensive compared with so 
many other investigations being carried out, a lack of interest 
among researchers and funding institutions in the United States 
is apparent.

Young and colleagues42 studied the effectiveness of weekly 
iron supplementation and found it to be almost as effective as 
daily supplementation in raising the hemoglobin concentration 
in iron-deficient patients. This approach can be used in patients 
with less than optimal compliance. Yakoob and Bhutta43 system
atically reviewed 31 studies in the Cochrane database to deter
mine whether routine iron supplementation affects the incidence 
of anemia in pregnancy They included studies that used iron 
alone and iron with folic acid and found a 73% reduction in 
anemia with routine supplementation. However, no difference 
was found in rates of anemia at term with intermittent iron- 
folate when compared with daily supplementation (relative risk 
[RR], 1.61; 95% confidence interval [CI], 0.82 to 3.14).

For those patients who are noncompliant or unable to take 
oral iron and are severely anemic, IV iron can be given. Singh 
and colleagues44 found that parenteral iron can be safely given 
and significantly raises the hematocrit in patients. It also raises 
the serum ferritin. Hallak and coworkers45 examined the safety 
and efficacy of parenteral iron administration. O f 26 patients 
receiving parenteral iron, only one developed signs of mild 
allergy during the test dose and was excluded from the study. 
The remaining 21 pregnant patients completed the course of 
therapy and received a mean of 1000 mg of elemental iron. 
Their hemoglobin increased an average of 1.6 g/dL from the 
beginning to the end of therapy and rose another 0.8 g/dL 
during the following 2 weeks. Ferritin levels increased from 
2.9 ng/mL at the beginning of therapy to 122.8 ng/dL by the 
end of treatment. Ferritin levels decreased to a mean of 109.4 ng / 
mL 2 weeks later, demonstrating that the iron was being utilized. 
Only mild transient side effects were noted; therefore the authors 
concluded that parenteral iron therapy can be used safely during 
pregnancy.

Parenteral iron is indicated in those who cannot or will 
not take oral iron therapy and are not anemic enough to 
require transfusion. In fact, by building iron stores in the 
patients before delivery, we may be able to prevent a need for 
transfusion postpartum in the severely anemic patient. Iron 
dextran comes in a concentration of 50 mg/mL. It can be given 
intramuscularly or intravenously, although intramuscular injec
tion is very painful. Iron dextran can result in anaphylaxis 
caused by dissociation o f the iron and carbohydrate compo
nents. The reaction may be immediate or delayed; therefore a
0.5 mL test dose should be given, and epinephrine should be 
readily available. Anaphylaxis usually occurs within several 
minutes but may take 2 days to develop. In the past 3 years, 
our group has given iron dextran to 14  patients. Two devel
oped a severe reaction within minutes o f the test dose. 
Although neither patient developed shortness o f breath, both 
exhibited severe bone pain and myalgias. The dosage for iron

TABLE 44-3 P A R E N T E R A L  IR O N  A D M IN IS T R A T IO N
M ED IC ATIO N  DOSE

Iron dextran

Iron sucrose

Sodium ferric 
gluconate

nple:

Total dose (mL) = 0 .0442 
(desired Hb — observed 
Hb) x  LBW  + (0.26 x  
LBW), 100 mg/dose 
maximum 

100 mg/dose, usually 1 
dose/day, usually 10 
doses needed 

125 mg/dose, usually 1 
dose/day, usually 8 
doses needed

PREPARATION

50 mg elemental 
iron/mL

20 mg elemental 
iron/mL

12.5 mg o f elemental 
iron/mL

Hb, hemoglobin; LBW, lean body weight.

dextran therapy is shown in Table 44-3. Although iron dextran 
is rarely used in the United States and Canada, in developing 
nations, this compound is the only parenteral iron readily avail
able, and therefore its discussion is included in this chapter.

Today, two other agents with excellent safety records are avail
able for parenteral iron therapy. Both of these compounds have 
the disadvantage of requiring multiple doses to accomplish what 
can be done with one dose of iron dextran; however, they have 
the advantage of less likelihood of a severe adverse reaction. Iron 
sucrose complex is given intravenously, usually daily, with a 
maximum dose of 100 mg. Patients generally require 10 doses 
(1 g) to obtain the desired rise in ferritin and subsequent rise in 
hemoglobin concentration. Sodium ferric gluconate complex 
can be used similarly, and the maximum dose is 125 mg. It is 
usually given daily, and eight doses (1 g) are most often required 
to obtain the desired results. Sodium ferric gluconate appears to 
have the least risk of adverse side effects. If the patient has con
comitant renal insufficiency, subcutaneous erythropoietin can be 
given to help raise the hemoglobin concentration if iron stores 
have already been increased. These agents should be used only 
in patients with severe iron deficiency who cannot absorb iron 
or who will not or cannot take oral iron. A parenteral iron 
overdose can lead to hemosiderosis.

It is still uncertain whether anemia results in an increased risk 
for poor pregnancy outcome. In their literature review, Scholl 
and Hediger 6 concluded that anemia diagnosed in early preg
nancy is associated with preterm delivery and low birthweight 
(LBW). In this study, women with iron deficiency anemia had 
twice the risk of preterm delivery and three times the risk of 
delivering an LBW infant. Preterm labor, however, is a multi
factorial problem, and many other confounders were present in 
this study Yip**7 reviewed the literature concerning pregnancy 
outcome with anemia and found through epidemiologic studies 
an association between moderate anemia and poor perinatal 
outcome, yet he was unable to determine whether this rela
tionship was causal. Sifakis and Pharmakides48 observed that 
hemoglobin concentrations below 6 g/dL are associated with 
preterm birth, spontaneous abortion, LBW, and fetal deaths. 
Nevertheless, a mild to moderate anemia did not appear to 
have any significant effect on fetal outcomes. Hemminki and 
Starfield49 reviewed controlled trials and concluded that routine 
iron administration did not decrease preterm labor or raise 
birthweight. Conversely, Stephansson and colleagues50 found 
an increased risk of stillbirth and growth-restricted infants in 
women with hemoglobin concentrations greater than 14.6 g I 
dL at their prenatal visit. Demmouche and colleagues51 found 
that nearly 50% of 207 women were anemic, and 14.43% were
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Chapter 44 Hem atologic Com plications o f Pregnancy 955

severely anemic with a hemoglobin less than 9 g/dL. No differ
ence in birthweight was reported between anemic and nonane
mic pregnant women.

In summary, iron deficiency is very prevalent in the general 
pregnant population. In developing nations, severe anemia is 
alarmingly common and is a major cause o f maternal mor
bidity and mortality. Routine iron administration as formu
lated in prenatal vitamins should be used unless it is certain that 
the patient is iron replete. Iron prophylaxis can be taken as one 
iron tablet daily, or as one study showed, it can be given on a 
weekly basis. An association between adverse pregnancy outcome 
and maternal anemia, especially severe anemia, may exist; 
however, it is uncertain whether this is a causal relationship.

MEGALOBLASTIC ANEMIA
Folic acid, a water-soluble vitamin, is found in strawberries, 
green vegetables, peanuts, and liver. Folate stores are located 
primarily in the liver and are usually sufficient for 6 weeks. After
3 weeks of a diet deficient in folate, the serum folate level falls. 
Two weeks later, hypersegmentation of neutrophils occurs. After
17 weeks without folic acid ingestion, RBC folate levels drop. 
In the next week, a megaloblastic bone marrow develops. During 
pregnancy, folate deficiency is the most common cause of 
megaloblastic anemia. The daily folate requirement in the 
nonpregnant state is approximately 50 |ig, but this rises at 
least fourfold during gestation. Fetal demands increase the 
requirement, as does the decrease in the gastrointestinal 
absorption o f folate during pregnancy.

Clinical megaloblastic anemia seldom occurs before the 
third trimester o f pregnancy. If the patient is at risk for folate 
deficiency or has mild anemia, an attempt should be made 
to detect this disorder before megaloblastosis occurs. Serum 
folate and RBC folate levels are the best tests for folate defi
ciency. Whereas serum folate reflects recently ingested folate, 
RBC folate levels give a better idea o f folate status at the 
tissue level.

Folate deficiency rarely occurs in the fetus and is not a cause 
of significant perinatal morbidity. However, some evidence 
shows that fetuses homozygous for the C677T variant of the 
gene that encodes for 5,10-methylene tetrahydrofolate reductase 
have a 20% lower folate level and may be at risk for a neural 
tube defect (NTD). Because infants born to mothers with type 
1 and type 2 diabetes mellitus have an increased incidence of 
NTDs, Kaplan and colleagues52 studied 31 pregnant women 
with diabetes and 54 controls to determine whether aberrations 
in folate metabolism are apparent in patients with diabetes. They 
found no differences in how ingested folate is processed in the 
pregnant patient with diabetes. Prenatal vitamins that require 
physician prescription contain 1 mg o f folic acid, and most 
nonprescription prenatal vitamins contain 0.8 mg o f folic 
acid. These amounts are more than adequate to prevent and 
treat folate deficiency. Women with significant hemoglobin
opathies, patients taking anticonvulsant medications, women 
carrying a multiple gestation, and women with frequent con
ception may require more than 1 mg o f supplemental folate 
daily. Often, 4 mg o f folic acid is recommended daily because 
this is the dose that has been shown to reduce the risk o f 
recurrent NTDs. However, no studies have demonstrated the 
optimal dose of folic acid in women with the conditions listed 
above. If the patient is folic acid deficient, her reticulocyte count 
will be depressed. W ithin 3 days after the administration of

sufficient folic acid, reticulocytosis usually occurs. In fact, folic 
acid deficiency should be considered when a patient has 
unexplained thrombocytopenia. The leukopenia and throm
bocytopenia that accompany megaloblastosis are rapidly reversed, 
and the hematocrit level may rise as much as 1% per day after 
1 week o f folate replacement.

Vollsett and colleagues53 performed a retrospective analysis of 
14,492 pregnancies in 5883 women in Norway to determine 
whether elevated homocysteine levels are associated with preg
nancy complications. An elevated homocysteine level is often 
found with depressed folate levels, so they compared those in 
the upper quartile of homocysteine levels with those in the lower 
quartile. They noted a 32% higher risk for preeclampsia (odds 
ratio [OR], 1.32), a 38% greater risk for prematurity (OR, 
1.38), and a 10% increased risk for very low birthweight (OR, 
2.01). All trends were statistically significant, but the limitations 
inherent in retrospective epidemiologic studies apply here.53 
Munger and associates54 investigated serum folate, RBC folate, 
active pyridoxine, and homocysteine concentrations in 347 
pregnancies complicated by facial clefting and in 469 controls. 
Low RBC and serum folate levels were significantly associated 
with an increased risk of clefting, whereas pyridoxine and homo
cysteine levels were not. Therefore homocysteine does not appear 
to have an etiologic role in clefting.

Iron deficiency is frequently observed in association with folic 
acid deficiency. If a patient with folate deficiency does not 
develop a significant reticulocytosis within 1 week after admin
istration of sufficient replacement therapy, appropriate tests for 
iron deficiency should be performed.

Until recently, the prevalence of vitamin B12 deficiency in 
pregnancy was unusual. However, bariatric surgery has become 
increasingly common. Individuals who were morbidly obese and 
not ovulating suddenly ovulate and become pregnant, and now 
we regularly encounter individuals with vitamin B12 defi
ciency following bariatric surgery. Cobalamin is found only 
in animal products, and the daily minimum required intake is 
6 to 9 |Xg. Total body stores are 2 to 5 mg, and one half of this 
is stored in the liver. For cobalamin to be absorbed, an individual 
needs (1) acid-pepsin in the stomach, (2) intrinsic factor secreted 
by parietal cells in the stomach, (3) pancreatic proteases, and 
(4) an intact ileum with receptors to bind the cobalamin- 
intrinsic factor complex. Because o f the abundant vitamin B12 
stores in the body, it takes several years for a clinical vitamin 
B ,2 deficiency to develop.55 Prolonged vitamin B12 deficiency 
can result in subacute combined degeneration, which involves 
the dorsal horns and lateral columns of the spinal cord. This can 
result in sensory and proprioception deficits, which can progress 
and cause serious disabilities. Fortunately, these changes are 
reversible when detected early.

In addition to bariatric surgery, gastrointestinal diseases 
such as Crohn disease may lead to an inability to absorb 
vitamin B12. Because of advances in medical care, more indi
viduals with these chronic disorders are becoming pregnant. As 
primary care physicians for women, we must be prepared to 
diagnose and coordinate care in these complex patients. Further
more, we are encountering more patients taking metformin, 
which is being prescribed for polycystic ovarian syndrome 
(PCOS) and other disorders in addition to type 2 diabetes mel
litus and gestational diabetes. It is important to note that this 
medication can also result in vitamin Bl2 deficiency, because 
approximately 10% to 30% of patients taking metformin may 
have depressed vitamin B12 levels, which can be reversed with
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956 Section VI Pregnancy and Coexisting Disease

increased calcium intake.56 The major causes of vitamin B12 
deficiency are listed in Box 44-4.

Megaloblastic anemia usually leads to a suspicion o f folate 
or vitamin B12 deficiency. As noted earlier, i f  an associated 
iron deficiency is present, the RBC indices may portray a 
normocytic, normochromic picture. Therefore it is important 
to look at more specific tests for vitamin Bl2 and folate deficien
cies. Vitamin B12 levels may fall during pregnancy, but this 
finding may not represent a pathologic process. Also, serum 
vitamin B12 levels may be normal in up to 5% of individuals 
with a true deficiency.17

Evaluation o f methylmalonate and homocysteine levels 
can be used to distinguish folate deficiency from vitamin B12 
deficiency. Vitamin BI2 is a cofactor in the metabolism of both 
methylmalonic acid and homocysteine. A deficiency in vitamin 
B12 will therefore lead to an increased concentration of both of 
these compounds. Folic acid is a cofactor in the metabolism of 
homocysteine, therefore a folate deficiency will lead to an ele
vated homocysteine level. Savage and colleagues5 found elevated 
methylmalonic acid levels in 98% of individuals with a vitamin 
B12 deficiency but in only 12% of individuals with a folate 
deficiency; he also found elevated homocysteine levels in 96% 
of individuals with a vitamin B12 deficiency and in 91% of 
individuals with a folate deficiency. Figure 44-1 schematically 
shows how to incorporate methylmalonic acid and homocyste
ine testing into the evaluation of megaloblastic anemia.

HEMOGLOBINOPATHIES
Hemoglobin is a tetrameric protein composed of two pairs of 
polypeptide chains with a heme group attached to each chain. 
The normal adult hemoglobin A l (H bAl) comprises 95% of

hemoglobin. It consists of two a-chains and two [3-chains. The 
remaining 5% of hemoglobin usually consists of HbA2, which 
contains two (X- and two 8-chains, and HbF, with two CX- and 
two y-chains. In the fetus, HbF (fetal hemoglobin) declines 
during the third trimester of pregnancy, reaching its permanent 
nadir several months after birth. Hemoglobinopathies arise 
when a change occurs in the structure of a peptide chain or a 
defect compromises the ability to synthesize a specific polypep
tide chain. The patterns of inheritance are often straightforward, 
and the prevalences of the most common hemoglobinopathies 
in black adults are listed in Table 44-4.

Hemoglobin S
Hemoglobin S, a variant form of hemoglobin, is present in 
patients with sickle cell disease (HbSS) and sickle cell trait 
(HbAS). A single substitution of valine for glutamic acid at the 
sixth position in the (3-polypeptide chain causes a significant 
change in the physical characteristics of this hemoglobin. At low 
oxygen tensions, RBCs that contain HbS assume a sickle shape. 
Sludging in small vessels occurs and results in microinfarction 
of the affected organs. Sickle cells have a life span of 5 to 10 
days, compared with 120 days for a normal RBC. Sickling is 
triggered by dehydration, hypoxia, or acidosis. Infants with 
sickle cell anemia show no signs of the disease until the concen
tration of HbF falls to adult levels. Some patients do not experi
ence symptoms until adolescence.

Approximately 1 in 12 black adults in the United States is 
heterozygous for HbS and therefore has sickle cell trait (HbAS) 
and carries the affected gene. These individuals generally have 
35%  to 45%  HbS and are asymptomatic. The child o f two 
individuals with sickle cell trait has a 50%  probability of 
inheriting the trait and a 25%  probability o f actually having

BOX 44-4 CAUSES OF VITAMIN B12 DEFICIENCY THAT 
MAY BE ENCOUNTERED IN PREGNANCY
• Strict vegetarian diet
• Use of proton pum p inhibitors
• M etfo rm in
• Gastritis
• G astrectom y
• Ileal bypass
• Crohn disease
• Sprue
• Helicobacter pylori infection

TABLE 44-4 F R E Q U E N C Y  OF C O M M O N
H E M O G L O B IN O P A T H IE S  IN BLACK

______________ A D U L T S  IN  TH E  U N IT E D  S T A TE S _________
HEMOGLOBIN TYPE FREQUENCY

Hemoglobin AS 1 in 12
Hemoglobin SS 1 in  708
Hemoglobin AC 1 in  41
Hemoglobin C C  1 in  4790
Hemoglobin SC  1 in 757
Hemoglobin S/P-thalassemia 1 in 1672

Increased methylmalonate and folate levels indicate vitamin B12 deficiency.
Normal methylmalonate and increased homocysteine levels indicate folate deficiency.

FIG 44-1 Use of methylmalonate and homocysteine levels in the workup of megaloblastic anemia.
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sickle cell disease. One of every 625 black children born in 
the United States is homozygous for HbS, and the frequency of 
sickle cell disease among blacks is 1 in 708. All at-risk patients 
should undergo hemoglobin electrophoresis. Although it is 
more expensive, it will identify all patients with aberrant hemo
globin types.

The traditional teaching is that women with sickle cell trait 
are not at increased risk for maternal and perinatal morbidity. A 
report by Larrabee and Monga58 questions this. In their study, 
162 women with HbAS had a 24.7%  incidence of preeclamp
sia compared with 10.3% of controls. Furthermore, the mean 
birthweight of infants born to women with HbAS was 3082 g 
compared with 3369 g for controls (P < .0001). The rate of 
postpartum endometritis was 12.3% for sickle trait patients, 
compared with 5.1% for controls (P < .001), despite similar 
rates of cesarean delivery. This study indicates that we should 
increase our surveillance in patients with HbAS.

If a patient has HbAS, the spouse/partner should be tested, 
and i f  both are carriers o f a hemoglobinopathy, prenatal 
diagnosis should be offered. This can be done rapidly by DNA 
analysis with polymerase chain reaction (PCR) amplification 
of DNA fragments. Testing can be performed on amniocytes, 
and the diagnosis can also be made by chorionic villus 
sampling (CVS).

A study conducted on patients from Michigan highlights the 
possibility that adolescents with sickle cell disease may not 
receive adequate contraceptive counseling.'9 These researchers at 
Nationwide Children’s Hospital found that of 250 women with 
sickle cell disease, only 20 had filled prescriptions for contracep
tion. Among the 195 adolescents, 49 underwent 59 pregnancies 
during the study period. The authors suggest that significant 
gaps may exist in family planning care for young women with 
sickle cell disease.

Painful vasoocclusive episodes that involve multiple organs 
are the clinical hallmark o f sickle cell disease. The most 
common sites for these episodes are the extremities, joints, and 
abdomen. Vasoocclusive episodes can also occur in the lung and 
can result in pulmonary infarction. Analgesia, oxygen, and 
hydration are the clinical foundations for treating these 
painful crises, and physicians often underestimate the associ
ated pain. Patients have often received many narcotics and may 
have a tolerance to the usual dosage of these medications. It is 
very important to treat this pain, no matter how much nar
cotic pain medication is needed. If the obstetrician is uncom
fortable with these large doses, he or she should consult with 
a pain specialist with experience in this area.

Sickle cell disease can affect virtually all organ systems. Osteo
myelitis is common, and osteomyelitis caused by Salmonella is 
found almost exclusively in these patients. The risk of pyelone
phritis is increased, especially during pregnancy. Sickling may 
also occur in the renal medulla, in which oxygen tension is 
reduced, resulting in papillary necrosis. These patients also 
exhibit renal tubular dysfunction and hyposthenuria. Because of 
chronic hemolysis and decreased RBC survival, patients with 
sickle cell anemia often demonstrate some degree of jaundice. 
B iliary stasis commonly occurs during crises, and cholelithiasis 
is seen in about 30% of cases. Because of chronic anemia, high- 
output cardiac failure can occur. Left ventricular hypertrophy 
and cardiomegaly are common.

Pregnancies complicated by sickle cell disease are at risk 
for poor perinatal outcomes. The rate o f spontaneous abor
tion may be as high as 25% , and the perinatal mortality rate

is approximately 15%. Powars and coworkers60 studied 156 
pregnancies in 79 women with sickle cell anemia. In this group, 
the perinatal mortality rate was 52.7% before 1972 and 22.7% 
after that time. In a report by Seoud and coworkers,61 the peri
natal mortality rate was 10.5%. Much of this poor perinatal 
outcome is related to preterm birth. Approximately 30%  o f 
infants born to mothers with sickle cell disease have birth- 
weights less than 2500 g. In the report by Seoud and cowork
ers,61 the mean birthweight was 2443 g. In a multicenter study, 
Smith and colleagues62 reported that 21% of infants born to 
mothers with sickle cell disease were small for gestational age 
(SGA). It has been hypothesized that sickling in the uterine 
vessels may lead to decreased fetal oxygenation and intrauterine 
growth restriction (IUGR).

Persistent HbF in the mother decreases episodes of painful 
crises during pregnancy and may also have a protective effect 
on the neonate. Morris and colleagues63 studied 270 singleton 
pregnancies in 175 women with sickle cell disease and found 
an overall rate of fetal wastage of 32.2%. Mothers with 
high HbF levels had a significantly lower perinatal mortality 
rate. Hydroxyurea reduces the incidence of painful crises and 
increases HbF concentration and is especially useful in children, 
although its safety in pregnancy has not been established. If an 
individual becomes pregnant while using hydroxyurea, it should 
be discontinued, but pregnancy termination is not justified. 
Parvovirus B19 infection is usually asymptomatic in pregnant 
women but can cause fetal hydrops. In women with AS or SS 
hemoglobin, parvovirus B19 can result in an acute hemolytic

• 64anemia.
Stillbirth rates o f 8% to 10%  have been described in 

patients with sickle cell disease, although these rates include 
studies that took place many years ago. Whereas the wide
spread use of antenatal fetal testing has reduced the number of 
stillbirths significantly, the rates of preterm delivery are higher. 
These fetal deaths happen not only during crises but also unex
pectedly; therefore careful antepartum fetal testing must be 
used that includes serial ultrasonography to assess fetal 
growth. Anyaegbunam and coworkers65 examined Doppler flow 
velocimetry in patients with hemoglobinopathies and showed 
abnormal systolic/diastolic ratios for the uterine or umbilical 
arteries in 88% of patients with HbSS compared with 7% with 
HbAS and 4% with HbAA. Howard and colleagues66 observed 
that maternal exchange transfusions did not change uteroplacen
tal Doppler blood flow velocimetry in these patients, which 
suggests that although maternal well-being may be improved, 
no change in uteroplacental pathology occurs.

Although maternal mortality is rare in patients with sickle 
cell anemia, maternal morbidity is significant. Infections are 
common and occur in 50% to 67%  o f women with HbSS. 
Most are urinary tract infections (UTIs), which can be detected 
by frequent urine cultures. Common infecting organisms for the 
bladder, kidneys, lungs, and other sites include Streptococcus 
pneumoniae, Haemophilis influenzae type B, Escherichia coli, Sal
monella, and Klebsiella. Patients with HbAS are at greater risk 
for a UTI and should be screened. Pulmonary infection and 
infarction are also common, and patients with sickle cell 
anemia should receive pneumococcal vaccine before preg
nancy. Maternal deaths have been reported in association with 
pulmonary complications in sickle cell disease. Any infection 
demands prompt attention, because fever, dehydration, and 
acidosis results in further sickling and painful crises. The 
incidence of pregnancy-induced hypertension is increased in
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958 Section VI Pregnancy and Coexisting Disease

patients with sickle cell anemia and may complicate almost 
one third of pregnancies in these patients.62 A study by Villers 
and colleagues67 delineated maternal risks and pregnancy 
complications in 17,952 deliveries in women with sickle cell 
disease between 2000 and 2003. They observed that cerebral 
vein thrombosis, pneumonia, pyelonephritis, deep venous 
thrombosis, transfusion, postpartum infections, sepsis, and 
systemic inflammatory response syndrome (SIRS) were sta
tistically more common in women with sickle cell disease. 
Furthermore, they found that pregnancy-related complica
tions including hypertensive disorders, antepartum bleeding, 
abruption, preterm labor, growth restriction, and urinary 
tract infections were much more common in parturients with 
sickle cell disease. Seaman and colleagues reviewed the 
Pennsylvania Health Care Cost Containment Council data
base to investigate maternal morbidity in 212  women with 
HbSS. They found that thromboembolic phenomena were 1 
to 1.5 times greater in these individuals than in the general 
population, especially in patients with sickle cell crisis and 
pneumonia.

The care o f the pregnant patient with sickle cell anemia 
must be individualized and meticulous. These patients benefit 
from care in a medical center experienced in treating the mul
titude of problems that can complicate such pregnancies. From 
early gestation, good dietary habits should be promoted, and a 
folic acid supplement of at least 1 mg/day should be adminis
tered as soon as pregnancy is confirmed. This is because these 
patients are in a state of chronic hemolysis, and folic acid is 
needed for their increased hematopoiesis. Although hemoglobin 
and hematocrit levels are decreased, iron supplements should 
not be routinely given. Serum iron and ferritin levels should be 
checked monthly, and iron supplementation should be started 
only when these levels are diminished. Often, because of ongoing 
hemolysis, serum ferritin values are significantly higher in preg
nant women with HbSS disease than in those with HbAA 
disease. Routine iron supplementation, even with prenatal vita
mins, should not be given, because iron overload can lead to 
hemosiderosis and even hemochromatosis. Patients with sickle 
cell anemia may benefit from an echocardiogram in the first 
trimester because they are at increased risk for hypertensive and 
other cardiovascular complications during pregnancy.

No role exists for prophylactic transfusions in these 
patients. Although a few studies showed decreased maternal and 
neonatal morbidity with exchange transfusion,69’70 Koshy and 
colleagues71 followed 72 pregnant patients with sickle cell 
anemia: half received prophylactic transfusions and half received 
transfusions only for medical or obstetric emergencies. No sig
nificant difference was seen in perinatal outcome between the 
offspring o f mothers who received prophylactic transfusions 
and those who did not. Two risk factors were identified as 
harbingers o f an unfavorable outcome: the occurrence o f a 
perinatal death in a previous pregnancy and twins in the 
current pregnancy. Even though no difference in perinatal 
morbidity and mortality was reported, prophylactic transfu
sion did appear to decrease significantly the incidence of 
painful crises.

Mahomed72 reviewed the Cochrane database and found that 
evidence was insufficient to make any conclusions about the use 
of prophylactic RBC transfusion in patients with sickle cell 
disease. M any of the cited studies did not show evidence of 
benefit to the fetus from exchange transfusion. A review by 
Hassell73 summarized the various small studies and concluded

that prophylactic transfusion does not improve fetal and neona
tal outcome. He did not, however, attempt to quantify changes 
in maternal well-being.

In a study of 128 patients, Ngo and colleagues 4 attempted 
to delineate whether prophylactic partial exchange transfusion 
improved fetal/neonatal outcomes. Although their control group 
comprised patients with HbAA, they demonstrated significant 
perinatal/neonatal complications in patients with sickle cell 
disease who received prophylactic exchange transfusions. The 
study would have been much stronger had they used a control 
group of patients with HbSS who had not received exchange 
transfusions.

Transfusion should be reserved for the same indications that 
would be used if  the patient were not pregnant. However, in the 
postpartum period, the obstetrician should realize that the 
patient with HbSS will not increase her hemoglobin/hematocrit 
as quickly as would the patient with HbAA.

Vaginal delivery is preferred for patients with sickle cell 
disease, and cesarean delivery should be reserved for obstetric 
indications. Patients should labor in the left lateral recumbent 
position and should receive supplemental oxygen. Although 
adequate hydration should be maintained, fluid overload must 
be avoided. Conduction anesthesia is recommended because 
it provides excellent pain relief and can be used for cesarean 
delivery if  necessary. W inder and colleagues 1 reported a case in 
which epidural anesthesia was used antepartum to relieve a 
painful crisis, and the patient’s hospital stay was significantly 
shortened. Figure 44-2 provides a schematic presentation of the 
care of patients with sickle cell anemia. It can also be adapted 
to patients with other hemoglobinopathies.

Hemoglobin SC Disease
Hemoglobin C is another (3-chain variant. It results from a G 
to A point mutation in the first nucleotide of codon 6. The gene 
is present is 2% of blacks. C linically significant HbSC disease 
occurs in 1 in 833 black adults in the United States. Women 
with both S and C hemoglobin suffer less morbidity in preg
nancy than do patients with only HbS. As in sickle cell disease, 
however, the incidence of early spontaneous pregnancy loss and 
pregnancy-induced hypertension are increased. Because patients 
with SC disease can have only mild symptoms, this hemoglo
binopathy may remain undiagnosed until a crisis occurs during 
pregnancy.

Whereas patients with HbSS often undergo “autosplenec- 
tomy” as a result of splenic infarction, patients with HbSC may 
have an enlarged, tender spleen. Crises in patients with HbSC 
may be marked by sequestration o f a large volume o f RBCs 
in the spleen accompanied by a dramatic fall in hematocrit. " 
Because these patients have increased splenic activity, they 
may be mildly thrombocytopenic throughout pregnancy and 
may become profoundly thrombocytopenic during a crisis. 
During gestation, patients with HbSC should receive the same 
program of prenatal care outlined for women with HbSS (see 
Fig. 44-2).

Thalassemia
Thalassemia is due to a defect in the rate o f globin chain 
synthesis. Any of the polypeptide chains can be affected. As a 
result, production and accumulation of abnormal globin sub
units occurs and leads to ineffective erythropoiesis and a 
decreased life span of RBCs. The disease may range from 
minimal suppression of synthesis of the affected chain to its
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First trimester
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Anticipate vaginal delivery and encourage 
conduction anesthesia

FIG 44-2 Schematic presentation of the care of patients with sickle cell anemia.

complete absence. Either a -  or P-thalassemia can occur, and 
heterozygous patients are often asymptomatic.

Thalassemia can be detected by prenatal diagnosis. Prenatal 
diagnosis of P-thalassemia can be accomplished by DNA from 
villi or amniocytes. Because there are many fJ-globin mutations, 
it is important to report the patient’s ethnicity and the geo
graphic region of the family when submitting specimens. The 
laboratory can then test for specific mutations based on this 
information and will be able to identify p-thalassemia in 90% 
of cases. a-Thalassemia is also amenable to prenatal diagnosis 
using quantitative PCR or Southern blot analysis. The Ameri
can College o f Obstetricians and Gynecologists (ACOG) rec
ommends thalassemia screening for pregnant women with a 
low mean corpuscular volume (MCV) and no evidence of 
iron deficiency.

Homozygous a-thalassemia results in the formation of 
tetramers o f ̂ -chains known as hemoglobin Bart. This hemo
globinopathy can result in hydrops fetalis. Ghosh and coin
vestigators78 reported their experience caring for 26 Chinese 
women who were at risk to deliver a fetus with homozygous 
a-thalassemia. Six of the 26 fetuses were affected. In two of the 
six cases, progressive fetal ascites appeared before 24 weeks

gestation. These pregnancies were terminated, and the diagnoses 
were confirmed. The remaining four patients had evidence of 
IUGR by 28 weeks’ gestation. At later gestational ages, an 
increase in the transverse cardiac diameter was seen in the 
affected fetuses. Woo and colleagues79 reported that umbilical 
artery velocimetry revealed a hyperdynamic circulatory state 
in fetuses that were hydropic because o f a-thalassemia. In a 
study from Taiwan, Hsieh and colleagues80 demonstrated that 
umbilical vein blood flow measurements can help to distinguish 
hydrops fetalis caused by hemoglobin Bart from hydrops fetalis 
from other causes. The umbilical vein diameter, blood velocity, 
and blood flow in fetuses with hemoglobin Bart were usually 
higher than those in fetuses with hydrops fetalis due to other 
etiologies.

P-Thalassemia is the most common form o f thalassemia,
although patients with the heterozygous state are usually asymp
tomatic; they are detected by an increase in their level of both 
HbA2 and HbE HbE is another (i-chain variant found generally 
in patients from Southeast Asia. The clinical course is variable 
and is similar to that described for p-thalassemia. In the homo
zygous state of P-thalassemia, synthesis of HbAl may be com
pletely suppressed. HbA2 levels of greater than 50% are found
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960 Section VI Pregnancy and Coexisting Disease

in 40% of patients with P-thalassemia, and an elevated HbF 
level is observed in 50% of these patients. The homozygous 
state o f P-thalassemia is known as thalassemia major (for
merly known as Cooley anemia). Patients with this disorder are 
transfusion dependent and have marked hepatosplenomegaly 
and bone changes secondary to increased hematopoiesis. These 
individuals usually die of infectious or cardiovascular complica
tions, have a decreased life expectancy, and rarely become preg
nant. They also have a high rate of infertility, although successful 
full-term pregnancies have been reported. The few patients who 
do become pregnant generally exhibit severe anemia and conges
tive heart failure.81 Prenatal care is dependent on transfusion 
therapy similar to that used in the care of the patient with sickle 
cell disease.

Heterozygous P-thalassemia has different forms of expression. 
Patients with thalassemia minima have microcytosis but are 
asymptomatic. Those with thalassemia intermedia exhibit sple
nomegaly and significant anemia and may become transfusion 
dependent during pregnancy. Their anemia can be significant 
enough to produce high-output cardiac failure. If these patients 
have not undergone splenectomy, they are at risk for a hyper- 
splenic crisis as seen in HbSC disease. Also, extramedullary 
hematopoiesis may impinge on the spine, resulting in neurologic 
symptoms.

These patients should be managed with a treatment program 
similar to that followed for patients with sickle cell disease (see 
Fig. 44-2). As in the case o f sickle hemoglobinopathies, iron 
supplementation should be given only i f  necessary, because 
indiscriminate use o f iron can lead to hemosiderosis and 
hemochromatosis. W hite and coworkers82 have shown that 
patients with a P-thalassemia usually have a much higher fer
ritin concentration than normal patients and those who are 
a-thalassemia carriers. In P-thalassemia carriers, the incidence 
of iron deficiency anemia is four times less common than it is in 
a-thalassemia carriers and in normal patients.82 Although iron is 
not necessary, folic acid supplementation appears important 
in P-thalassemia carriers. Leung and coinvestigators83 showed 
that the daily administration of folate significantly increased the 
predelivery hemoglobin concentration in both nulliparous and 
multiparous patients.

Patients who are transfusion dependent can develop iron over
load, but few data are available on the safety of iron chelating 
agents during pregnancy. Ricchi and colleagues8,1 report a case 
of successful pregnancy while using deferasirox in the first tri
mester. The pregnancy went to term, and no fetal malformations 
were reported. This therapy has not been reported in other 
pregnancies; therefore chelating agents should only be used in 
emergent situations.

As in the case o f sickle cell disease, antepartum fetal evalu
ation is essential in patients with thalassemia who are anemic. 
Patients with clinically significant thalassemia should undergo 
serial ultrasonography to track fetal growth as well as nonstress 
testing to evaluate fetal well-being. Asymptomatic thalassemia 
carriers need no special testing.

Occasionally, individuals will inherit two hemoglobinopa
thies, such as sickle cell thalassemia (HbS thalassemia). The 
prevalence of this disorder among adult blacks in the United 
States is 1 in 1672.81 The clinical course is variable: if  minimal 
suppression of p-chains occurs, patients may be free of symp
toms; however, with total suppression of P-chain synthesis, a 
clinical picture similar to that of sickle cell disease will develop. 
The course of these patients during pregnancy is quite variable,

and their therapy must be individualized. In summary, Figure
44-3 presents a stepwise approach to the workup o f anemia 
and the diagnosis o f the conditions discussed in this chapter.

V O N  W IL L E B R A N D  D IS E A S E
The most common congenital bleeding disorder in humans is 
von Willebrand disease (vWD), and up to 1% o f the popu
lation may have some form o f the disorder. Type 1 is an 
autosomal-dominant disorder, whereas type 3 and occasionally 
type 2 are autosomal recessive.86 vWD is related to quantita
tive or qualitative abnormalities o f von Willebrand factor 
(vWF). This multimeric glycoprotein serves as carrier protein of 
factor VIII, prolonging its life span in plasma. It also promotes 
platelet adhesion to the damaged vessel and platelet aggrega
tion. Distinct abnormalities o f vWF are responsible for the 
three types o f vWD. Types 1 and 3 are characterized by a 
quantitative defect of vWF, whereas type 2 comprises subtypes 
2A, 2B, 2M , and 2N and refers to molecular variants with a 
qualitative defect of vWF. In these subtypes, there are various 
problems in binding of vWF to factor VII or platelet surface.87 
The knowledge of the structure of the vWF gene and the use 
of PCR have led to the identification of the molecular basis of 
vWD in a significant number of patients.88 In type 2B, the only 
clinical symptom in pregnancy may be thrombocytopenia.89 
Therefore this diagnosis should be considered in the gravida 
with isolated thrombocytopenia during pregnancy who exhibits 
a significant bleeding diathesis.

The clinical severity o f vWD is variable. Menorrhagia, easy 
bruising, gingival bleeding, and epistaxis are common. Men
orrhagia is most severe in patients with types 2 and 3 vWD but 
is most common in patients with type 1 disease. In a compila
tion of two studies, 17% of women with severe menorrhagia 
had a form of vW D.90 Some patients may be entirely asymp
tomatic until they have severe bleeding after surgery or trauma, 
and von Willebrand disease does not appear to affect fetal 
growth or development.

Classically, the bleeding time is prolonged in patients with 
vWD as a result of diminished platelet aggregation. Occasion
ally, the activated partial thromboplastin time (aPTT) is also 
abnormal. This is only seen when the factor VIII activity is 
extremely low.91 In pregnancy, clotting factors that include the 
factor VIII complex increase, and the patient’s bleeding time 
may improve as gestation progresses. " This is especially true 
for type IA vWD. In type IB, the patient may not correct her 
bleeding time.90 In type 2B, the platelet count decreases, which 
may be exacerbated in pregnancy.91 There will, however, be an 
improvement in the vWF multimeric pattern.92

Heavy bleeding may be encountered in patients with vWD 
undergoing elective or spontaneous first-trimester pregnancy 
loss because the levels of factor VIII have not yet risen.93 
Most important, postpartum hemorrhage may be a serious 
problem. The concentration o f factor VIII appears to deter
mine the risk o f hemorrhage. If the level is greater than 50% 
of normal and the patient has a normal bleeding time, excessive 
bleeding should not occur at vaginal delivery.87 In a study by 
Kadir and colleagues,93 18.5% of patients with vWD experi
enced a significant postpartum hemorrhage, and 6 o f 31 patients 
required transfusion. The clinical course during labor is variable. 
In a study by Chediak and colleagues,94 bleeding complications 
were seen in six of eight (75%) pregnancies. Five of the new
borns had vWD, one of whom was born with a scalp hematoma.
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FIG 44-3 Evaluation of anemia. LDH, lactate dehydrogenase.

Conversely, Conti and associates95 reported no bleeding com
plications during the puerperium in five women with vWD. 
Ieko and colleagues96 demonstrated that factor VIII concentrate 
could raise the platelet levels in patients with type 2B vWD. Ito 
and coinvestigators55 followed six women with type 1 vWD in 
10 term pregnancies, three induced abortions, and one sponta
neous abortion. Bleeding complications occurred within 1 week 
after term delivery and immediately after both spontaneous and 
induced abortions. Pacheco and coworkers97 published a com
prehensive review of vWD coexisting with pregnancy. This study 
confirmed that most type I patients do not need treatment as 
long as the factor VIII concentration is greater than 50%. They 
also stressed the need for close postpartum follow-up because 
levels of vWF can plummet a few days postpartum. It was 
recommended that pudendal anesthesia and operative vaginal 
delivery be avoided if  possible.1

As noted earlier, bleeding during pregnancy is rare because 
levels o f factor VIII and vWF increase during pregnancy. 
However, shortly after delivery, they drop. If the factor VIII 
level is less than 50% , treatment during labor and delivery 
should be initiated. Hemorrhage can also occur several days 
postpartum. Therefore factor VIII levels should be checked 
before the patient goes home after delivery.

Desmopressin is the treatment of choice for type 1 vW D.98 
It elicits the release of vWF from endothelial cells. Intrana
sal preparations of 300 |ig are usually used, although the half- 
life of desmopressin is about 8 hours, so the dose should be 
repeated every 12 hours. In emergent or preoperative situa
tions, 0.3 |!g/kg of desmopressin can be given intravenously

over 30 minutes.97 Desmopressin can rarely cause hyponatremia 
and fluid retention.98 Patients can develop tachyphylaxis with 
desmopressin, so it should not be used for prolonged periods. 
Also, desmopressin can initiate uterine contractions and should 
be used with caution in patients in the second or early third 
trimesters of pregnancy.

For those women who do not respond to desmopressin or for 
those with vWD types other than IA, Humate-P or Alphanate 
should be used. These commercially available concentrates of 
antihemophiliac factor have been tested extensively in clinical 
studies. They contain two to three times more vWF than they 
do factor VIII concentrate.99 The usual dose of Humate-P or 
Alphanate is 20 to 50 U/kg. During labor, this can be given 
every 12 hours. For labor and delivery, usually the lower end of 
the dosage range will suffice. If a cesarean delivery is needed, the 
upper end of the dosage range should be used. These compounds 
have been heated at high temperature and treated with solvents 
and detergents to inactivate blood-borne viruses. It is important 
to note that products that contain highly purified factor VIII 
obtained by recombinant DNA should not be used. They 
contain very little vWF and are ineffective in vWD. Therefore 
the infused factor VIII has a very short half-life because vWF is 
essential to prevent the degradation of factor VIII. Bleeding 
during pregnancy is rare. Patients with classic type 1 vWD 
usually need no treatment owing to the increase in factor VIII 
levels during pregnancy. Those with a history of postpartum 
hemorrhage should be given an IV dose of desmopressin imme
diately after delivery, and the dose should be repeated 24 hours 
later. For those with types 2 and 3 disease, factor VIII/vWF
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962 Section VI Pregnancy and Coexisting Disease

concentrates are occasionally needed. Before a cesarean delivery, 
factor VIII activity should be measured. If it is less than 50% of 
expected, patients with type 1 vWD should be given desmopres
sin, and patients with vWD type 2 or type 3 should receive 
factor VIII/vWF concentrate.100 In an emergent situation, i f  
the type o f vWD is not known with certainty, factor VIII/ 
vWF concentrate should be used.

KEY POINTS

♦ Four percent of pregnancies will be complicated by 
maternal platelet counts of less than 150,000/mm3. 
The vast majority of these patients have gestational 
thrombocytopenia with a benign course and need no 
intervention.

♦ Surgical bleeding occurs if  the platelet count falls below 
50,000/mm,3 and spontaneous bleeding occurs if the 
platelet count falls below 20,000/mm3. Platelet counts 
below 30,000/mm3 warrant therapy during pregnancy.

♦ In the second and third trimesters of pregnancy, intra
venous immunoglobulin is an effective initial treatment, 
although glucocorticoids can also be utilized.

♦ Iron deficiency anemia is the most common cause of 
anemia in pregnancy, and serum ferritin is the single 
best test to diagnose it.

♦ If a patient with presumed iron deficiency does not 
increase her reticulocyte count with iron therapy, she 
may also have a concomitant folic acid deficiency.

♦ Patients pregnant with twins, those on anticonvulsant 
therapy, those with a hemoglobinopathy, and those who 
conceive frequently need supplemental folic acid during 
gestation.

♦ Most hereditary hemoglobinopathies can be detected in 
utero, and prenatal diagnosis should be offered to the 
patient early in pregnancy. Early testing can be done 
using DNA analysis from the chorionic villus sampling 
specimen.

♦ As in the nonpregnant patient, analgesia, hydration, and 
oxygen are the key factors in treating pregnant women 
with sickle cell crisis.

♦ Women with sickle cell disease are at high risk for 
maternal complications during the puerperium and 
should be closely monitored.

♦ Patients with sickle cell disease are at increased risk for 
a fetus with growth restriction and adverse fetal out
comes; therefore they warrant frequent sonography and 
antepartum fetal evaluation.

♦ Any woman with a low mean corpuscular volume 
without evidence of iron deficiency should be screened 
for thalassemia.

♦ In the pregnant patient with von Willebrand disease, 
the normal increase in the factor VIII clotting complex 
reduces the risk of bleeding, but levels can fall postpar
tum and can place the patient at risk for delayed post
partum hemorrhage.
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KEY ABBREVIATIO NS 1

Activated partial th rom bop lastin  tim e aPTT
Am erican College o f O bstetricians and ACOG

Gynecologists
Activated protein  C APC
Adenosine diphosphate ADP
A ntiphospho lip id  antibody APA
A ntiphospho lip id  syndrom e APS
Com puted tom ography CT
Com puted tom ograph ic  pulm onary CTPA

angiography
Deep venous th rom bosis DVT
Dissem inated intravascular coagulation DIC
Enzyme-linked im m unosorbent assay ELISA
Factor V Leiden FVL
Heparin-induced th rom bocytopenia HIT
In ferior vena cava IVC
International norm alized ratio INR
Low -m olecu la r-w eight heparin LMWH
M agnetic resonance angiography MRA
M agnetic resonance im aging MRI
Protein Z -dependent protease inh ib ito r ZPI
Pulm onary em bolus PE
System ic lupus erythem atosus SLE
Throm bin-activa tab le  fib rino lys is TAFI

inh ib ito r
Throm boxane A2 TXA2
Tissue facto r TF
Tissue facto r pathw ay inh ib ito r TFPI
Type 1 plasm inogen activator inh ib ito r PAI-1
Unfractionated heparin UFH
Urokinase-type p lasm inogen activator uPA
Venous th rom boem bo lism VTE
Venous u ltrasonography VUS
V entila tion-perfusion scan V/Q scan

B A C K G R O U N D  A N D  H IS T O R IC  N O T E S
Pregnancy, childbirth, and the puerperium pose serious chal
lenges to a woman’s hemostatic system. Whereas implantation, 
placentation, and uterine spiral artery remodeling lead to the 
development of the high-volume, high-flow, low-resistance 
uteroplacental circulation required for human fetal develop
ment, they require enhanced hemostatic responsiveness to avoid 
potentially fatal hemorrhage. The price paid for this essential 
hemostatic adaptation to human hemochorial placentation 
is an increased risk o f superficial and deep venous thrombo
sis (DVT) and pulmonary embolus (PE). Acquired or inher
ited thrombophilias, obesity, advanced maternal age, advanced 
parity, antepartum hospitalizations, surgery, and infection are 
major risk factors for DVT and PE in pregnancy and the puer
perium. The expeditious identification and prompt treatment of 
thrombotic events is critical to avoiding death and serious post- 
phlebitic sequelae.

D IA G N O S E S  A N D  D E F IN IT IO N S
Thrombosis is the obstruction or occlusion of a vessel by a blood 
clot. Venous thromboembolism (VTE) includes venous throm
bosis of the deep venous system of the lower (common) or upper 
(uncommon) extremity (DVT). Thrombosis or inflammation of 
the superficial venous system is generally not associated with 
morbidity, although in some cases it can develop into or be 
associated with DVT or PE. In fact, 10% to 20% of superficial 
thrombosis cases in nonpregnant patients are associated with 
DVT. Pulmonary embolus is the obstruction o f the pulmo
nary artery or one o f its branches, arising from a clot from 
a DVT in approximately 90%  o f cases. A majority of PE cases 
are due to deportment of thrombus from the lower extremities; 
for the purposes of this chapter, pulmonary embolus will refer to 
VTE of the pulmonary vasculature (rather than air, fat, or amni
otic fluid embolism).
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Symptoms
Deep Venous Thrombosis
Clinical findings typical of DVT include erythema, warmth, 
pain, edema, and tenderness localized to the area of the throm
bosis. Occasionally, a palpable cord may be present that 
corresponds to a thrombosed vein. Homans sign is pain and 
tenderness elicited on compression of the calf muscles by squeez
ing the muscles or by dorsiflexion of the foot. These are rather 
nonspecific signs and symptoms that involve a broad differential 
diagnosis, including cellulitis, ruptured or strained muscle 
or tendon, trauma, ruptured popliteal (Baker) cyst, cutaneous 
vasculitis, superficial thrombophlebitis, and lymphedema. The 
specificity of these manifestations is less than 50%, and among 
patients with these signs and symptoms, the diagnosis of DVT 
is confirmed by objective testing in only approximately one third 
of the group.1'2

Pulmonary Embolism
Tachypnea (>20 breaths/min) and tachycardia (>100 beats/min) 
are present in 90% of patients with acute PE, but these findings 
lack specificity and generate a broad differential diagnosis.3 Pre
syncope and syncope are rarer symptoms and indicate a massive 
embolus.4

EPIDEMIOLOGY AND INCIDENCE
Occurring in approximately in 1 in 1500 pregnancies, VTE 
is a relatively uncommon disorder but is a leading cause o f 
mortality and serious morbidity in pregnant women. 12 This 
rate represents a nearly tenfold increase compared with non
pregnant women o f comparable childbearing age. According 
to the most recent U.S. vital statistics, from 2006 through 2010, 
VTE was a leading cause of maternal mortality that contributed 
to 9% of pregnancy-related deaths.13 Classic teaching viewed the 
postpartum period as the period of maximal thrombotic occur
rence. However, management styles of prior eras that included 
prolonged puerperal bed rest and estrogen to suppress lactation 
likely inflated this risk.10 More recent studies have shown that a 
majority of thromboembolic events happen in the antepartum 
period.5'71416 Given its shorter duration, and after adjusting for 
duration of exposure, the day-to-day relative risk of VTE is 
about threefold to eightfold higher in the puerperium.12 New 
evidence suggests that the risk for a thrombotic event extends 
out to 12 weeks postpartum, although the absolute increase in 
risk is quite low after 6 weeks.17

GENETICS
It is well known that inherited mutations in various components 
of the coagulation cascade, the so-called inherited thrombophil
ias, contribute to significant risk for thrombosis, especially in 
the presence of other risk factors such as pregnancy, surgery (e.g., 
cesarean delivery), trauma, infection, or immobility. Factor V  
Leiden is the most common mutation and accounts for over 
40%  o f inherited thrombophilias in most studies. Most of 
these genetic mutations act in an autosomal-dominant manner, 
thus one mutation will incur an elevated risk for VTE; individu
als with two mutations will have higher risks for thrombotic 
events than those with one. Patients with a strong family history 
of thrombotic events who have screened negative for the panel 
of known thrombophilia mutations likely have an as yet unrec
ognized gene defect in a specific component of the coagulation

cascade. The details of the known inherited thrombophilias are 
discussed later in this chapter.

PHYSIOLOGY OF HEMOSTASIS 
Vasoconstriction and Platelet Action
Vasoconstriction and platelet activity play a primary initial role 
in lim iting blood loss following vascular disruption and endo
thelial damage. Vasoconstriction limits blood flow and also 
limits the size of thrombus necessary to repair the defect. Platelet 
adherence to damaged vessels is mediated by the formation of 
von Willebrand factor (vWF) “bridges” anchored at one end to 
subendothelial collagen and at the other to the platelet glyco
protein lb (GP Ib)/factor IX/V receptor.18 Platelet adhesion 
stimulates release of a-granules that contain vWF, thrombo- 
spondin, platelet factor 4, fibrinogen, |3-thromboglobulin, and 
platelet-derived growth factor as well as dense granules that 
contain adenosine diphosphate (ADP) and serotonin. These 
latter molecules, when combined with the release of thrombox
ane A2 (TXA2), contribute to further vasoconstriction and plate
let activation. In addition, ADP causes a conformational change 
in the platelet GP Ilb/IIIa receptor that promotes aggregation 
by forming interplatelet fibrinogen, fibronectin, and vitronectin 
bridges.19

Coagulation Cascade
Platelet action alone is insufficient to provide adequate 
hemostasis in the face o f a substantial vascular insult; in this 
setting, the coagulation cascade—with resultant fibrin plug 
formation— is required to restore hemostasis. Tissue factor 
(TF), a cell membrane-bound glycoprotein, is the primary ini
tiator of the coagulation cascade.20 It is expressed constitutively 
by epithelial, stromal, and perivascular cells throughout the body 
and in abundance by endometrial stromal cells and the pregnant 
uterine decidua.20 21 TF is also present in low concentrations in 
blood, on activated platelets, and in high levels in amniotic fluid, 
which accounts for the coagulopathy seen in amniotic fluid 
embolism.22 It is interesting to note that although intrauterine 
survival is possible in the absence of platelets or fibrinogen, it is 
not possible in the absence ofTF.23 Clotting is initiated by the 
binding of TF to factor VII, the only clotting factor with intrin
sic coagulation activity in its zymogenic form (Fig. 45-1).

Following endothelial in jury and in the presence of ionized 
calcium, perivascular cell- or platelet-bound TF comes into 
contact with factor VII on anionic cell membrane phospho
lipids. Factor VII has low intrinsic clotting activity but can 
be autoactivated after binding to TF, or it can be activated by 
thrombin or activated factors such as IXa, Xa, or X lla .20'24 The 
TF-activated factor VII (V ila) complex initiates the elements 
of the coagulation cascade by activating both factors IX and X. 
Activated factor IX (IXa) complexes with its cofactor V illa  to 
indirectly activate X. Once generated, Xa binds with its cofactor 
Va to convert prothrombin (factor II) to thrombin (factor Ha). 
Cofactors V  and VIII can each be activated by either throm
bin or Xa, and X lla  activates XI on the surface of activated 
platelets, which provides an alternative route to IX activation. 
Factor XII can be activated by kallikrein/kininogen as well as by 
plasmin. The key event o f hemostasis occurs when thrombin 
cleaves fibrinogen to produce fibrin. Fibrin monomers self- 
polymerize and are cross-linked by thrombin-activated factor 
XHIa. Although TF is the initiator of hemostasis, thrombin is 
the ultimate arbiter of clotting; it not only activates platelets
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FIG 45-1 Hemostatic, thrombotic, and fibrinolytic pathways. APC, acti
vated protein C; FDP, fibrin degradation product; PAI, plasminogen 
activator inhibitor; PROT, protein; TAFI, thrombin-activatable fibrinoly
sis inhibitor; TFPI, tissue factor pathway inhibitor; tPA, tissue-type 
plasminogen activator; ZPI, protein Z—dependent protease inhibitor.

and generates fibrin, it also activates critical clotting factors and 
cofactors (V, VII, VIII, XI, and XIII). Figure 45-1 provides a 
diagram of the interaction of the various components of the 
coagulation cascade.

Anticoagulant System
The risk of thrombosis, the inappropriate and excessive activa
tion of the clotting cascade, is restrained by the anticoagulant 
system (see Fig. 45-1). Evidence shows that the coagulation 
system “idles” like a car engine to quickly respond to vascular 
injury, and thus the anticoagulant system performs the critical 
role o f preventing inappropriate acceleration o f clotting. 4 
Tissue factor pathway inhibitor (TFPI) binds to the prothrom- 
binase complex (factor Xa/TF/factor V ila) to stop TF-mediated 
clotting.25 However, as noted, factor XIa generation can bypass 
this block. Moreover, in the 10 to 15 seconds before TFPI- 
mediated prothrombinase inhibition, sufficient quantities of 
factors Va, V illa , IXa, and Xa and thrombin are generated to 
sustain clotting for some time. As a result, additional physiologic 
anticoagulant molecules are required to maintain blood fluidity.

Paradoxically, thrombin also plays a pivotal role in the anti
coagulant system by binding to thrombomodulin, which causes 
a conformation change that allows it to activate protein C. The 
activated protein C  (APC) molecule binds to anionic endothelial 
cell membrane phospholipids on damaged vessels or to the 
endothelial cell protein-C receptor (EPCR) to inactivate factors 
Va and V illa .26 Protein S is an important cofactor in this process 
because it enhances APC activity. Factor Va is also a cofactor in 
APC-mediated factor V illa  inactivation.

Factor Xa can also be inhibited by the protein Z-dependent 
protease inhibitor (ZPI). W hen ZPI forms a complex with its 
cofactor, protein Z, its inhibitory activity is enhanced a thou
sandfold, although ZPI can also inhibit factor XIa independent

of protein Z.27 Deficiencies of protein Z can promote both 
bleeding and thrombosis, although the latter predominates par
ticularly in the presence of other thrombophilias.

Thrombin activity is modulated by a number o f serine 
protease inhibitors— such as heparin cofactor II, (X-2 macro
globulin, and antithrombin—which serve to inactivate 
thrombin and Xa. The most active inhibitor within this group 
is antithrombin, which binds to either thrombin or factor Xa 
and then to heparin or other glycosaminoglycans, augmenting 
antithrombin’s rate of thrombin inactivation more than a thou
sandfold.28,29 The other two inhibitors work in a similar fashion 
to inhibit thrombin.

Clot Lysis and Fibrinolysis
Fibrinolysis is a further critical element in preventing over
whelming thrombosis (see Fig. 45-1). Tissue-type plasminogen 
activator (tPA), an endothelial enzyme metabolized by the liver, 
becomes embedded in fibrin and cleaves plasminogen to gener
ate plasmin, which in turn cleaves fibrin into fibrin degradation 
products; the latter are indirect measures of fibrinolysis. These 
fibrin degradation products can also inhibit thrombin action, a 
favorable effect when production is limited, but a contributor 
to disseminated intravascular coagulation (DIC) when produc
tion is excessive. A second plasminogen activator, urokinase-type 
plasminogen activator (uPA), is produced by endothelial cells. 
A series of fibrinolysis inhibitors also prevent hemorrhage from 
premature clot lysis. The a -2  plasmin inhibitor is bound to the 
fibrin clot, where it prevents premature fibrinolysis. Platelets and 
endothelial cells release type 1 plasminogen activator inhibitor 
(PAI-1), an inactivator of tPA. In pregnancy, the decidua is also 
a rich source of PAI-1,30 whereas the placenta produces mostly 
type 2 (PAI-2). The thrombin-activatable fibrinolysis inhibitor 
(TAFI) is another fibrinolytic inhibitor that is also activated by 
the thrombin-thrombomodulin complex.31 TAFI modifies fibrin 
and renders it resistant to inactivation by plasmin.

PATHOPHYSIOLOGY OF THROMBOSIS 
IN PREGNANCY
Characteristic physiologic changes in decidual and systemic 
hemostatic systems occur in pregnancy in preparation for the 
hemostatic challenges of implantation, placentation, and child
birth. Decidual TF and PAI-1 expression are greatly increased 
in response to progesterone, and levels of placental-derived 
PAI-2, which are negligible prior to pregnancy, increase until 
term.30,31 Pregnancy is associated with systemic changes that 
enhance hemostatic capability and promote thrombosis. For 
example, a doubling occurs in circulating concentrations of 
fibrinogen, and 20%  to 1000%  increases are seen in factors 
VII, VIII, IX, X, and XII, all o f which peak at term in prepa
ration for delivery.32 Levels of vWF also increase up to 400% 
at term.32 In contrast, levels of prothrombin and factor V remain 
unchanged, and levels of factor XIII and XI decline modestly. 
Concomitantly, there is a 40%  to 60%  decrease in the levels 
o f free protein S, conferring an overall resistance to activated 
protein C.32’33 Further reductions in free protein-S concentra
tions are caused by stress, cesarean delivery, and infection; this 
accounts for the high rate of PE following cesarean deliveries, 
particularly in association with prolonged labor and endomyo
metritis. Coagulation parameters may normalize as early as 3 
weeks postpartum, but they generally return to baseline at 6 
to 12 weeks.
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968 Section VI Pregnancy and Coexisting Disease

The risk of thrombosis in pregnancy is also related to physical 
changes in the gravid woman. Venous stasis in the lower 
extremities results from compression o f the inferior vena cava 
(IVC) and pelvic veins by the enlarging uterus.34'5 Despite 
the presence of the sigmoid colon promoting uterine dextrorota
tion, ultrasound findings indicate lower flow velocities in the left 
leg veins throughout pregnancy.36 This would explain why mul
tiple studies have confirmed that the incidence o f thrombosis 
is far greater in the left leg than in the right.1 11 Hormone 
mediated increases in deep vein capacitance secondary to 
increased circulating levels of estrogen and local production of 
prostacyclin and nitric oxide also contribute to the increased risk 
of thrombosis.

Antiphospholipid Syndrome
Overall, antiphospholipid syndrome (APS) is responsible 
for approximately 14%  o f thromboembolic events in preg
nancy.3 38 The diagnosis of APS requires the presence of prior 
or current vascular thrombosis or characteristic obstetric com
plications together with at least one laboratory criterion, such 
as anticardiolipin antibodies (immunoglobulin G [IgG] or 
IgM greater than 40 GPL [1 GPL unit is 1 Jig of IgG antibody] 
or 40 MPL [1 MPL unit is 1 fig of IgM antibody] or greater 
than the 99th percentile), anti-P-2 glycoprotein-I (IgG or IgM 
greater than the 99th percentile), or lupus anticoagulant.39 
Refer to Chapter 46 for details of diagnosis and treatment 
of APS.

The antiphospholipid antibodies (APAs) are a class of self
recognition immunoglobulins whose epitopes are proteins 
bound to negatively charged phospholipids. These antibodies 
must be present on two or more occasions at least 12 weeks apart 
for diagnosis39 and are present in 2.2% of the general obstetric 
population, and most affected patients have uncomplicated 
pregnancies.<0 Thus providers should use caution when order
ing and interpreting tests in the absence o f APS-qualifying 
clinical criteria.

APS has been associated with both venous (DVT, PE) and 
arterial vascular events (stroke). A meta-analysis of 18 studies 
has shown elevated risk of DVT, PE, and recurrent VTE among 
patients with systemic lupus erythematous (SLE) who test posi
tive for APA. Overall, when compared with those SLE patients 
who do not test positive for either test, those with lupus antico
agulants and anticardiolipin antibodies have a respective sixfold 
and twofold increased risk of venous thrombosis.41 These anti
bodies also pose a risk to patients without SLE. The lifetime 
prevalence of arterial or venous thrombosis in affected non-SLE 
patients is approximately 30%, with an event rate of 1% per 
year.42 43 The risks of thromboembolic events are highly depen
dent on the presence of other predisposing factors that include 
pregnancy, estrogen exposure, immobility, surgery, and infec
tion. As noted above, APS has also been associated with adverse 
pregnancy outcome and accounts for 14% of VTE in preg- 
nancy.37,3f' In fact, the risk of a thrombotic event in pregnancy 
is 5% even with prophylaxis.44 All patients who present with 
VTE in pregnancy or in the postpartum period should have an 
appropriate APS workup.

Inherited Thrombophilias
The inherited thrombophilias are a heterogeneous group of 
genetic disorders associated with arterial and venous thrombosis 
as well as fetal loss. As with APAs, the occurrence of a throm
boembolic event is highly dependent on other predisposing

factors such as pregnancy, exogenous estrogens, immobility, 
obesity, surgery, infection, trauma, and the presence of other 
thrombophilias. However, the most important risk modifier is a 
personal or family history of venous thrombosis.43 Table 45-1 
presents the prevalence and risk of venous thrombosis among 
pregnant patients with and without a personal or family history 
of venous thrombosis. As noted, the thrombophilias are divided 
into high and low risk based on the overall risk of VTE. The 
screening for and management of inherited thrombophilias 
during and around the time of pregnancy has been recently 
addressed by American College of Obstetricians and Gynecolo
gists (ACOG).4'’ All patients who present with VTE in preg
nancy or postpartum should be considered for an appropriate 
workup for inherited thrombophilias.

Recent prospective studies have suggested that lower-risk 
inherited thrombophilias may have an even weaker association 
with maternal thrombosis than that reported by the retrospective 
studies cited in Table 45-1. For example, a prospective study of 
4885 low-risk women screened in the first trimester of preg
nancy noted that 134 (2.7%) carried the factor V  Leiden muta
tion, but none had a thromboembolic event during pregnancy 
or the in puerperium (95% confidence interval [CI], 0% to 
2.7% ).4 In two other prospective studies48,49 that involved 584 
Irish and 4250 British pregnant women again screened for factor
V  Leiden early in pregnancy, no thrombotic episodes were noted 
among carriers. Said and associates50 tested 1707 Australian nul
liparous women blindly for factor V Leiden, the prothrombin 
gene G20210A mutation, and a thrombomodulin polymor
phism prior to 22 weeks and reported an expected prevalence 
of heterozygosity for the factor V  Leiden and prothrombin 
G20210A gene mutations and homozygosity for the thrombo
modulin polymorphism of 5.39%, 2.38% , and 3.51% , respec
tively; again, none of the patients developed VTEs. However, 
one prospective study51 of 2480 women tested for activated 
protein-C resistance/factor V Leiden early in pregnancy observed 
that affected patients had an eightfold increase in VTE. Thus 
the true risk of thrombosis in patients with low-risk inherited 
thrombophilias is probably lower than that suggested by retro
spective case-control and cohort studies and is also likely depen
dent on the presence of concomitant risk factors such as a strong 
family history, obesity, and surgery.

Risk Factors and Associations
Virchow triad—vascular stasis, hypercoagulability, and vas
cular trauma— describes the three classic antecedents to 
thrombosis, and many o f the physiologic changes o f preg
nancy contribute to these criteria. Other pregnancy-specific 
risk factors for thrombosis include increased parity, postpartum 
endomyometritis, operative vaginal delivery, and cesarean deliv
ery. The latter is associated with a substantial ninefold increase 
in VTE risk compared with vaginal delivery.14 Risk factors not 
unique to pregnancy include age greater than 35 years, obesity, 
trauma, immobility, infection, smoking, nephrotic syndrome, 
hyperviscosity syndromes, cancer, surgery (particularly ortho
pedic procedures), and a history of DVT or PE (Table 45-2). 
Admission to the hospital in pregnancy may be associated 
with a seventeenfold increased risk for VTE compared with 
a nonhospitalized cohort, with this risk remaining high 
(sixfold) for the 28 days after admission. 2 In vitro fertiliza
tion (IVF) has been shown to increase the risk for VTE in the 
first trimester in a cross-sectional study in Sweden, although the 
overall absolute risk is still rather low.53
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TABLE 45-1 INHERITED THROMBOPHILIAS AND ASSOCIATION WITH VENOUS THROMBOEMBOLISM IN PREGNANCY

RISK

High
risk

TH R O M BO PH ILIA
TYPE

FVL homozygous 
Prothrombin gene 

G 20210A

PREVALENCE 
IN THE 
EUROPEAN 
PO PULATIO N

0.07% *
0.02%*

PREVALENCE 
IN PATIENTS 
W ITH VTE IN 
PREG NANCY

<1%*
< 1% *

RR/OR OF 
VTE IN 
PREGNANCY
(95%  Cl)

25.4 (8.8-66) 
N/A

PROBABILITY 
OF VTE IN 
PREGNANT 
PATIENTS 
WITH
PERSONAL OR 
F A M ILY  HX

» 10%
» 10%

PROBABILITY 
OF VTE IN 
PREGNANT 
PATIENTS 
W ITHOUT 
PERSONAL OR 
F A M ILY  HX

1.5%
2.8%

STU D Y

45, 124-127 
128, 129

Low
risk

homozygous 
Antithrombin III 0 .02% -1.1%

deficiency 
Compound 0.17%+

heterozygous
(FVL/
prothrombin
G20210A)

FVL heterozygous 5.3%
Prothrombin 2.9%

G 20210A 
m utation 
heterozygous 

Protein C  deficiency 0.2% -0.3%
Protein S deficiency 0.03% -0.13%

l% -8%

<1%+

17%

<14%
12.4%

119

84 (19-369)

6.9 (3.3-15.2) 
9.5 (2.1-66.7)

13.0 (1.4-123) 
NA

11 %-40% 3.0% -7.2%

4.7%  (overall probability o f VTE in 
pregnancy)

>10%
>10%

NA
NA

0.26%
0.37% -0.5%

0.8% -1.7%
< l% -6.6%

124, 127, 128 

45, 1 24 ,13 0

45, 124-126, 131 
45, 124, 129, 130

124, 127, 128, 132 
45, 124, 128, 133

•Calculated based on a Hardy-Weinberg equilibrium.
Cl, confidence interval; FVL, factor V Leiden; HX, history, NA, Data not available; OR, odds ratio; PREG, pregnant; PROB, probability; PTS, patients; RR, relative risk; VTE, venous 
thromboembolism.

Complications
Thromboembolism is associated with serious complications that 
include arrhythmia, hypoxia, pulmonary hypertension, heart 
failure, and postthrombotic syndrome of the extremities. Throm
boembolism is a major cause of death worldwide; thus prompt 
diagnosis and treatment is a priority. W hen confronted with the 
signs and symptoms suggestive of VTE, rapid initiation of the 
workup and treatment is essential to avoid complications. Com
plications of anticoagulation, such as bleeding or thrombocyto
penia, are also a reality and should be avoided.

Considerations in Management 
of Pregnant Women
Pregnancy and the postpartum period are considered a high- 
risk period for thromboembolism. Key considerations in the 
workup and management of pregnant women are the selection 
of appropriate diagnostic tools and anticoagulation regimens 
with special concern regarding pregnancy-related changes and 
fetal exposures.

Diagnosis of Venous Thromboembolism  
DEEP VENOUS THROMBOSIS
CLINICAL SIGNS AND SYMPTOMS
The clinical findings typical of DVT include erythema, warmth, 
pain, edema, and tenderness localized to the area of the throm
bosis. Occasionally, a palpable cord may correspond to a throm
bosed vein. Homans sign is the pain and tenderness elicited 
on compression of the calf muscles by squeezing the muscles 
or by dorsifiexion of the foot. These are rather nonspecific 
signs and symptoms that involve a broad differential diagnosis 
that includes cellulitis, ruptured or strained muscle or tendon, 
trauma, ruptured popliteal (Baker) cyst, cutaneous vasculitis,

superficial thrombophlebitis, and lymphedema. In fact, as noted 
above, evidence suggests that the specificities of these manifesta
tions are less than 50%, and among patients with these signs 
and symptoms, the diagnosis of DVT is confirmed by objective 
testing in only approximately one third of the group.1’2

RISK-SCORING SYSTEM
Work by Chan and colleagues54 demonstrated that subjective 
assessment by “thrombosis experts” of clinical risk of DVT in 
symptomatic pregnant patients can categorize patients prior to 
diagnostic testing into two groups, one low risk (1.5% preva
lence, 98.5%  negative predictive value) and the other non-low  
risk (25% prevalence). Three factors—symptoms in the left 
leg, a leg circumference discrepancy o f 2 cm or more, or first- 
trimester presentation—were highly predictive o f DVT. 
Furthermore, this study and one additional validation study 
demonstrated that patients who lack all three criteria were at no 
risk for VTE.55 Thus determination of prediagnostic study risk 
can be helpful before proceeding to the selection and interpreta
tion of diagnostic tests.

IMAGING
Contrast venography, an invasive technique that involves the 
injection of dye into a vein distal to the site of suspected throm
bosis, followed by radiographic imaging is now rarely used for 
diagnosis of DVT. The risks of radiation and contrast allergy, as 
well as its technical difficulty, particularly preclude its use in 
pregnancy.56

The most common diagnostic modality used in the evalua
tion o f patients with suspected DVT is venous ultrasonogra
phy (VUS) with or without color Doppler. This modality has 
virtually replaced the cumbersome and less accurate impedance
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970 Section VI Pregnancy and Coexisting Disease

TABLE 45-2 RISK FACTORS FOR
VENOUS THROMBOEMBOLISM

GENERAL PREGNANCY RELATED

Age >35 years Increased parity
Obesity Postpartum endomyometritis
Trauma Operative vaginal delivery
Immobility Cesarean delivery
Infection
Smoking
Nephrotic syndrome
Hyperviscosity syndromes
Cancer
Surgery, especially orthopedic 
Prior deep venous thromboembolism or 

pulm onary embolism 
Hospital admission

plethysmography technique. The ultrasound transducer is placed 
over the common femoral vein beginning at the inguinal liga
ment and is then sequentially moved to image the greater saphe
nous vein, the superficial femoral vein, and the popliteal vein to 
its trifurcation with the deep veins of the calf. Compression VUS 
involves the application of pressure with the probe to determine 
whether the vein under investigation is compressible. The most 
accurate ultrasonic criterion for diagnosing venous thrombo
sis is noncompressibility o f the venous lumen in a transverse 
plane under gentle probe pressure using duplex and color 
flow Doppler imaging.1 The overall sensitivity and specificity 
of VUS has been reported at 90% to 100% for proximal vein 
thromboses, but traditionally it has been considered lower for 
the detection of calf vein thromboses.5 This is confirmed by a 
more recent meta-analysis, which demonstrated that in non
pregnant patients, duplex ultrasound has a pooled sensitivity of 
96.4% for proximal (knee or thigh) DVT and 75.2%  for distal 
(calf) DVT, and total specificity is 94.3% .58

Magnetic resonance imaging (MRI) appears to have equiva
lent test performance characteristics to VUS. One meta-analysis 
demonstrated a sensitivity of 91.5% and specificity of 94.8% 
for diagnosis of DVT in nonpregnant patients with suspected 
DVT or PE.55 Similar to VUS, sensitivity is also improved for 
distal, compared with proximal, thrombi (93.9% vs. 62.1%). 
The advantage of MRI may be in the ability to detect more 
centralized DVT, like those in the pelvic, iliac, or femoral veins.

D-DIMER ASSAYS
Laboratory evaluation of serum concentrations of D-dimer, a 
product of the degradation of fibrin by plasmin, has been increas
ingly advocated as a helpful test in the diagnosis of DVT in the 
nonpregnant population. Testing relies on the use of monoclonal 
antibodies to D-dimer fragments. The most accurate and reli
able tests for D-dimer appears to be two rapid enzyme-linked 
immunosorbent assays (ELISAs; Instant-IA D-dimer [Stago] 
and Vidas DD [bioMerieux]) and a rapid whole blood assay 
(SimpliRED D-dimer [Agen Biomedical]). The test is limited 
by factors that may contribute to false-positive testing, including 
pregnancy, postpartum and postoperative periods, and superficial 
thrombophlebitis.60'61 In particular, normal pregnancy causes a 
physiologic increase in D-dimer, with levels that exceed the 
threshold for normal in 78%  and 100%  o f patients in the 
second and third trimesters, respectively.62 The performance 
of the SimpliRED D-dimer test was evaluated by Chan and col
leagues54 in a prospective cohort of pregnant patients at risk for

DVT. In this population, who had a DVT prevalence of 8.7%, 
sensitivity of D-dimer testing was 100% and specificity was 
60%. Utility in particular appeared to be stratified across gesta
tion; false-positive rates were 0%, 24%, and 51% for the first, 
second, and third trimesters, respectively. The value of D-dimer 
testing in pregnancy may lie in its ability to rule out disease 
because this same study showed a negative predictive value of 
100% with a 95% confidence interval of 95% to 100%. The 
value of D-dimer testing in the late second and third trimesters 
is likely to be lower than in the first half of pregnancy because 
patients in the late second and third trimester will likely have 
levels above the threshold. Thus at this time, although D-dimer 
appears useful as a test to rule out a DVT, its routine use in 
pregnancy cannot be endorsed.

WORKUP OF PATIENTS WITH SUSPECTED DEEP 
VENOUS THROMBOSIS
The diagnostic paradigm outlined in Figure 45-2 can be used to 
diagnose DVT in pregnant patients with maximal sensitivity and 
specificity. Risk may be stratified as in the section above (see 
“Risk-Scoring System”).

PULMONARY EMBOLUS
CLINICAL SIGNS AND SYMPTOMS
Tachypnea (>20 breaths/min) and tachycardia (>100 beats/min) 
are present in 90% of patients with acute PE, but these findings 
lack specificity and generate a broad differential diagnosis.3 Pre
syncope and syncope are rarer symptoms and indicate a massive 
embolus.4

NONSPECIFIC STUDIES
The classic electrocardiography (ECG) changes associated with 
PE are the S I , Q3, and inverted T3. Other findings include 
nonspecific ST changes, right bundle branch block, or right axis 
deviation. These findings are usually associated with cor pulmo
nale and right-sided heart strain or overload, reflective of more 
serious cardiopulmonary compromise. About 26% to 32% of 
patients with massive PE had the above-mentioned ECG 
changes.63 These findings are why the Royal College of Obstetri
cians and Gynaecologists (RCOG)64 have recommended that an 
ECG be performed in women who present with signs and symp
toms of an acute PE. Arterial blood gases and oxygen satura
tion have limited value in the assessment o f acute PE, 
particularly in a pregnant population. Measurements of PO2 
are greater than 80 mm Hg in 29% of PE patients younger than 
40 years of age.61 In another study, up to 18% of patients with 
PE had PO2 measurements of more than 85 mm Hg.

The chest radiograph may be abnormal in up to 84% of 
affected patients.3 The common findings on radiography are 
pleural effusion, pulmonary infiltrates, atelectasis, and elevated 
hemidiaphragm. The eponymous findings of pulmonary infarc
tion such as a wedge-shaped infiltrate (Hampton hump) or 
decreased vascularity (Westermark sign) are rare.66 Although a 
normal chest radiograph in the setting of dyspnea, tachypnea, 
and hypoxemia in a patient without known preexistent pulmo
nary or cardiovascular disease is suggestive of PE, a chest radio
graph cannot be used to confirm the diagnosis.66 It is useful, 
however, in the workup for PE as a tool for selecting the correct 
diagnostic modality (ventilation-perfusion [V/Q] scan vs. com
puted tomography [CT] scan; see below).

A large PE can create changes consistent with cor pulmo
nale and right-sided heart strain. Large emboli in the main
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FIG 45-2 Diagnostic algorithm for suspected deep venous thrombosis. MRI, magnetic resonance imaging; VUS, venous ultrasonography.

pulmonary artery and its primary branches can result in acute 
right-sided heart failure, which is the ultimate cause of death 
in most patients with PE. Between 30% and 80% of patients 
with PE display echocardiographic abnormalities in right ven
tricular size or function.6 69 Typical findings include a dilated 
and hypokinetic right ventricle, tricuspid regurgitation, and 
absence of preexisting pulmonary arterial or left-sided heart 
pathology. Transesophageal echocardiography with or without 
contrast appears to improve the imaging of main or right pul
monary artery emboli and, occasionally, of left pulmonary artery 
clots.70 For these reasons, bedside echocardiography can be 
very useful for the unstable patient or the patient unable to 
travel for other imaging studies.

Ventilation-Perfusion Scanning. Perfusion scanning uses 
intravenously injected radioisotope-labeled albumin macroag
gregates that deposit in the pulmonary capillary bed. Ventilation 
scanning involves the inhalation of radiolabeled aerosols, whose 
distribution is evaluated by gamma camera. The comparison of 
these two images allows for interpretation of characteristic pat
terns that are then used to assign diagnostic probabilities (high, 
intermediate, or low). More than 90% of high-risk patients with 
high probability ventilation-perfusion (V/Q) scans have a PE, 
whereas less than 6% of low-risk patients with low-probability 
scans have a PE. Given that most young, healthy women have 
little underlying lung pulmonary pathology, the diagnostic 
efficacy o f V/Q scanning in pregnancy is substantially higher 
than that in older, nonpregnant patients.

Spiral Computed Tomographic Pulmonary Angiography. Spiral 
CT scanning (computed tomographic pulmonary angiography 
[CTPA]) requires injection of intravenous (IV) contrast while 
simultaneously imaging the distribution of contrast in the pul
monary vasculature with a CT scanner.56 Although this can be 
an effective judge of large, segmental, and central emboli, CT is 
of limited value with small subsegmental vessels and horizontally 
oriented vessels in the right middle lobe. One strength of CTPA 
is its utility in diagnosing nonembolic pulmonary phenomena 
such as pneumonia or pulmonary edema.

In nonpregnant patients, CTPA is often the modality of 
choice; however, this is not likely the case in pregnancy. Several 
studies have shown that CTPA performs less well in pregnant 
compared with nonpregnant cohorts. Andreou and associ
ates71 demonstrated in a small study of 32 patients with sus
pected PE that contrast enhancement of the pulmonary arteries 
is reduced in pregnant women compared with nonpregnant 
women, likely due to the increased cardiac output of pregnancy. 
Another reason may be the more frequent dilution or interrup
tion of contrast by nonopacified blood from the lower vena cava 
in pregnancy.72 Comparing CTPA imaging in 40 pregnant 
patients with that in 40 nonpregnant patients, U-King-Im and 
colleagues73 also demonstrated a threefold higher rate of subop
timal studies in the pregnant population (27.5% vs. 7.5%).

Ventilation-Perfusion Scanning Versus Computed Tomo
graphic Pulmonary Angiography. V/Q scanning and CTPA have 
been directly compared in pregnant patients by Cahill and col
leagues,74 who retrospectively evaluated a cohort of 304 preg
nant or postpartum women evaluated for pulmonary embolism. 
CTPA was performed in 108 women, and a V/Q scan was done 
in 196. In women with a normal chest radiograph, CTPA 
yielded nondiagnostic results 5.4 times more often than V/Q 
scanning (30.0% vs. 5.4%). As would be expected, in those 
patients with an abnormal chest radiograph, V/Q scanning was 
more often nondiagnostic. Ridge and colleagues ‘ evaluated 
these two techniques prospectively in a total of 50 patients. 
Again, they found that CTPA more often gave a nondiagnostic 
result (35.7% vs. 2.1% ), and V/Q scanning was adequate for 
diagnosis more frequently (35.7% vs. 4%). For these reasons, as 
well as considerations of radiation exposure (see below), V/Q 
scanning is the modality o f choice for pregnant patients with 
suspected PE and a normal chest radiograph.

Magnetic Resonance Angiography. Magnetic resonance angi
ography (MRA) may be performed using MRI during IV injec
tion of gadolinium. Faster image-acquisition rates and improved 
image timing to respiratory and cardiac motion have allowed 
this technique to be utilized. Preliminary experience by Meaney
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972 Section VI Pregnancy and Coexisting Disease

and colleagues75 suggested a sensitivity of 100%, specificity of 
95%, and positive and negative predictive values of 87% and 
100%, respectively, for MRA in 30 patients also assessed by 
classic pulmonary angiography. Another prospective study that 
involved 141 patients showed an overall sensitivity of only 77% 
in comparison to pulmonary angiography, with the sensitivity 
broken down to 40%, 84%, and 100% for isolated subsegmen- 
tal, segmental, and central pulmonary emboli, respectively.76 
Because MRA does not involve ionizing radiation, it is an 
appealing alternative to CT scanning and angiography for preg
nancy, and further assessment in large trials are needed to prove 
its ultimate utility as a primary diagnostic modality. Gadolinium 
contrast crosses the placenta and enters the amniotic fluid 
through excretion by the fetal kidneys. A majority of animal 
studies suggest no teratogenic effects by gadolinium, and it is 
considered a category C agent by the U.S. Food and Drug 
Administration (FDA), although it should be used with caution.

D-Dimer Assays. The D-dimer assay appears to have much 
lower sensitivity in patients with PE and thus it is not helpful 
as a test for ruling out disease. Negative D-dimer testing has 
been observed in patients with confirmed PE.7 Damodaram 
and associates78 report a sensitivity and specificity of 73% and 
15% for D-dimer in testing for suspected PE in pregnancy. The 
difference in D-dimer test performance for PE in pregnancy may 
be due to the smaller clot burden compared with DVT coupled 
with the increase in intravascular plasma volume of pregnancy. 
This unacceptably high false-negative rate indicated no role for 
D-dimer testing in the workup o f pregnant patients with 
suspected PE.

Lower Extremity Evaluation. Most PEs (90%) arise from 
lower extremity DVTs, and among patients with the diagno
sis o f PE, half will be found to harbor a lower extremity DVT; 
this includes up to 20%  o f PE patients without signs or 
symptoms o f lower extremity DVT. 81 In patients who present 
with signs or symptoms of PE who also have left-sided lower 
extremity symptoms, it is reasonable to begin with lower extrem
ity VUS to detect DVT because the need for therapeutic anti
coagulation is similar. This avoids exposure to the ionizing 
radiation, as well as the burden of more complicated testing, 
associated with CTPA and V/Qscanning. Furthermore, in high- 
risk patients in whom CTPA or V/Q scanning is nondiagnostic 
or even negative, evaluation of the leg veins for DVT can be 
helpful to reinforce results. In such cases, however, a negative 
VUS study is still associated with a 25% risk of PE, which sug
gests further studies are generally needed.82

WORKUP OF PATIENTS WITH SUSPECTED 
PULMONARY EMBOLUS
Workup of patients with suspected PE should begin with evalu
ation of their cardiorespiratory status to determine whether they 
are critically ill; this would include an ECG and chest radio
graph. Patients who are stable hemodynamically with favor
able oxygenation status (oxygen saturation >80%) should be 
evaluated in a carefully ordered fashion, taking into account the 
possibility of lower extremity DVT and the results of the chest 
radiograph (Fig. 45-3), according to an algorithm advocated 
by a panel of experts from the American Thoracic Society, the 
Society of Thoracic Radiology, and ACOG.83 If lower extremity

FIG 45-3 Diagnostic algorithm for suspected pulmonary embolus (PE) in a hemodynamically stable patient. CTPA, computed tomographic pul
monary angiography; CXR, chest radiograph; DVT, deep venous thrombosis; V/Q, ventilation-perfusion; VUS, venous ultrasound.
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FIG 45-4 Diagnostic algorithm for suspected pulmonary embolism (PE) in a critically ill or hemodynamically unstable patient. CTPA, computed 
tomographic pulmonary angiography; CXR, chest radiograph; D/C, discontinue; V/Q, ventilation-perfusion.

symptoms are present, particularly if  left sided, VUS can be 
performed; if  results are positive, therapeutic anticoagulation 
should begin. Chest radiography should definitely be per
formed when VUS is negative or when no lower extrem
ity signs or symptoms are apparent. Although the chest 
radiograph is not typically used in the actual diagnosis, it 
allows for proper selection o f the next diagnostic test. V/Q 
scan is performed if the chest radiograph is normal. A positive 
(high or moderate probability) V/Q scan should prompt thera
peutic anticoagulation. A negative test should exclude the diag
nosis. A nondiagnostic result— such as intermediate probability/ 
equivocal test in any patient and a low-probability result in a 
high-risk patient (one with prior VTE, known thrombophilia, 
family history of thrombosis in a first-degree relative under 50 
years of age, or other clinical risk factors)— should trigger per
formance of CTPA.

For such patients, and for those with an abnormal chest 
radiograph, CTPA is the diagnostic modality of choice. Positive 
tests will prompt initiation of anticoagulation. In the patient 
with an abnormal chest radiograph who has a negative CTPA, 
the true etiology of the chest pathology is often seen on CT. 
Alternatively, if  the CTPA is nondiagnostic, further testing is 
performed, such as MRA or serial lower extremity VUS studies.

In the critically ill patient, anticoagulation should be 
started— in the absence o f contraindications— and a similar 
protocol is followed (Fig. 45-4). Very unstable patients who 
cannot be transported safely can be evaluated with a bedside 
echocardiogram, which may have more test accuracy in this 
setting.

Radiation Exposure from Diagnostic Procedures 
FETAL EXPOSURE
The diagnosis of DVT and PE in pregnant patients poses unique 
challenges because of concerns in regard to fetal radiation expo
sure. ACOG advises that exposure to less than 5 rads has not 
been associated with increases in pregnancy loss or fetal

TABLE 45-3 FETAL RADIATION EXPOSURE OF 
____________ VARIOUS IONIZING MODALITIES________

FETAL R AD IATIO N
R ADIOLOGIC M O D ALITY EXPOSURE (R/

Chest radiograph <0.01
Venography

Limited, shielded <0.05
Full (unilateral), unshielded 0.31

Pulmonary angiography
Brachial vein 0.05
Femoral vein 0 .22-0.37

Ventilation-perfusion scan 0.007-0.031
Ventilation scan 0.001-0 .019
Perfusion scan 0.006-0.012
Spiral computed tomography 0.013

Modified from Toglia M, Weg J. Venous thromboembolism during pregnancy. N  Engl J  
Med. 1996;335(2): 108-114.

anomalies.84 Exposure to ionizing radiation doses above 1 rad, 
however, may create a marginally increased risk of childhood 
leukemia (from 1/3000 baseline to 1/2000).85,86 Table 45-3 out
lines the f e t a l  radiation exposure of different radiation modali
ties. A combination o f chest x-ray, V/Q scan, and pulmonary 
angiography exposes the fetus to less than 0.5 rads.10 CTPA 
is associated with only slightly lower radiation levels for the fetus 
compared with V/Q scanning. Although the concern for pos
sible adverse effects should not prevent a medically important 
test from being performed, judicious use and selection of tests 
is advised.

MATERNAL EXPOSURE
Radiation exposure to the maternal breast is also an impor
tant consideration when choosing tests because the increased 
glandularity and proliferative state o f the pregnant breast 
presumably make it more radiosensitive. This is an important 
concern with respect to cumulative radiation exposure and
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974 Section VI Pregnancy and Coexisting Disease

cancer risk.87 V/Q scanning results in substantially lower mater
nal breast radiation exposure. CTPA is estimated to expose 
maternal breast tissue to 150 times more ionizing radiation than 
V/Q scanning88 with doses estimated at 2 to 6 rads.89,90 This dose 
can be reduced approximately 50% to 60% with breast shield
ing, without significant reduction in image quality.91

MRI and ultrasonography have not been associated with any 
adverse fetal effects, and teratogenic effects have not been 
described after administration of gadolinium contrast media.92 
Concerns about fetal goiter following maternal radiographic 
contrast exposure suggest that fetal heart rate monitoring may 
be used to detect the reduced variability that can be seen with 
fetal hypothyroidism, and neonatal thyroid function should be 
tested during the first week of life.92

Managem ent of Venous Thromboembolism  
PREVENTION
PERIOPERATIVE PREVENTION
Evidence is very limited regarding the value of perioperative 
thromboprophylaxis with cesarean delivery.93,94 Perioperative 
administration o f low-dose unfractionated heparin may be 
appropriate in patients undergoing cesarean delivery with 
clear risk factors such as obesity, malignancy, immobility, or 
a high-risk chronic medical disease. As noted, patients with 
low-risk thrombogenic thrombophilias require postoperative 
prophylaxis. Nonpharmacologic interventions aimed at prevent
ing VTE include graduated elastic compression stockings and 
pneumatic compression devices. In pregnancy, a cohort study 
suggested that the use of graduated compression stockings 
reduced the prevalence of postpartum VTE from 4.3%  to
0.9% .95 Because these stockings and pneumatic compression 
devices pose no hemorrhagic risk and do little harm, they 
should be strongly considered for thromboprophylaxis in all 
patients with risk factors, such as those patients who are 
hospitalized or immobilized, including pregnant or postop
erative cesarean patients. The left lateral decubitus position in 
the third trimester may also reduce the risk of VTE.

PRECONCEPTION COUNSELING
Preconception counseling is particularly important for patients 
at high-risk for recurrent VTE in pregnancy and for patients 
with a recent VTE. Patients on long-term anticoagulation before 
pregnancy, for example, should be advised of the risks of preg
nancy. In particular, patients on warfarin can be counseled that 
they would be advised to switch from warfarin to a heparin- 
based regimen upon finding out about pregnancy. In particular, 
it would be helpful for the woman to know that the risks of 
warfarin embryopathy are highest between the sixth and twelfth 
weeks of pregnancy, so vigilance on tracking the last menstrual 
period is important.

THERAPY
UNFRACTIONATED HEPARIN
Unfractionated heparin (UFH) affects anticoagulation by 
enhancing antithrombin activity, increasing factor Xa inhibi
tor activity, and inhibiting platelet aggregation.96 UFH, an 
FDA category C agent, does not cross the placenta and is not 
teratogenic.97 The chief side effects of heparin include hemor
rhage, osteoporosis, and thrombocytopenia. The former is more 
common with treatment coinciding with surgery or liver disease 
or with concomitant aspirin use. Heparin-associated bone loss is 
usually reversible and correlates more with therapy that exceeds

15,000 U/day for more than 6 months and can be opposed 
by supplemental calcium use (1500 mg/day).98 99 Heparin- 
induced thrombocytopenia (HIT) occurs in 3%  of patients,
and type 1HIT is the most common form; it occurs within 
days of exposure, is self-limited, and is not associated with a 
significant risk of hemorrhage or thrombosis. Immunoglobulin- 
mediated type 2 HIT, on the other hand, is rare and usually 
occurs 5 to 14 days following initiation of therapy; paradoxically, 
it increases the risk of thrombosis. Monitoring for HIT should 
include serial platelet counts every 2 to 3 days from day 4 until 
day 14 or until heparin is stopped, whichever occurs first.100 A 
50% decline in platelet count from its pretreatment maximum 
suggests immune-mediated HIT type 2 and should prompt 
cessation of all heparin exposure, including that in IV flushes. 
The diagnosis of HIT type 2 can be confirmed by serotonin 
release assays, heparin-induced platelet aggregation assays, flow 
cytometry, or solid-phase immunoassays.101

Protamine sulfate reverses the effect o f intravenously 
administered UFH. It is given by slow IV infusion of less than 
20 mg/min, with no more than 50 mg given over 10 minutes. 
The total dose of protamine required is calculated based on the 
residual amount of circulating heparin, with a ratio of 1 mg of 
protamine sulfate necessary for every 100 U of residual circulat
ing heparin. Residual heparin is calculated by assuming a half- 
life of 30 to 60 minutes of IV heparin. However, repeated serial 
administrations of lower doses of protamine, coinciding with 
serial measurements of the activated partial thromboplastin time 
(aPTT), are required when the heparin is dosed subcutaneously.

LOW-MOLECULAR-WEIGHT HEPARIN 
The low-molecular-weight heparins (LMW Hs)— dalteparin, 
enoxaparin, and tinzaparin— are reliable and safe alternatives to 
UFH and have fewer side effects. Enzymatic manipulation of 
standard heparin produces lower molecular weight molecules 
with equivalent anti—factor Xa but little or no antithrombin 
effects. The LMWHs have longer half-lives, and a closer correla
tion exists between anti—factor Xa activity and body weight than 
subcutaneously administered UFH. We suggest following anti
factor Xa levels in pregnant patients, although this is not uni
versal practice, because the variability in binding, distribution, 
metabolism, and excretion is far greater. However, this approach 
may be justified in pregnancy because of an increased rate of 
subprophylactic levels in pregnancy in patients on standard 
40-mg once-daily enoxaparin dosing, which may be due to 
enhanced renal clearance.102,103 The LMW Hs (pregnancy cate
gory B) do not cross the placenta and do not enter breast milk, 
and the risk of hemorrhage associated with LM W H is lower. 
However, regional anesthesia is contraindicated within 18 to 
24  hours o f therapeutic LMWH administration. Accordingly, 
we recommend switching to UFH at 36 weeks or earlier if 
preterm delivery is expected. Protamine is not as effective in fully 
reversing the anti-factor Xa activity of LM W H, although it may 
reduce bleeding. Dosing of 1 mg of protamine for every 100 
antifactor Xa units of LM W H can normalize aPTT values, but 
antifactor Xa levels can only be reversed by 80% .104,105 Whereas 
the risk of HIT type 2 is lower in patients who receive LMWH, 
platelet counts should still be checked every 2 to 3 days from 
day 4 to day 14.100,106,107

FONDAPARINUX
Fondaparinux is a synthetic heparin pentasaccharide that com
plexes with the antithrombin binding site for heparin to permit
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the selective inactivation of factor Xa but not thrombin. A major 
advantage of this medication is that there does not appear to be 
a risk of HIT type 2. It has comparable efficacy to both LMWH 
and UFH in nonpregnant patients.108,109 Although fondaparinux 
has been used in a small number of pregnant patients without 
complication,110'113 umbilical cord plasma concentrations at 10% 
of those of maternal plasma have been demonstrated, which 
suggests lim ited transplacental passage.114 Use of fondaparinux 
should be lim ited to women without other therapeutic alterna
tives, such as those with a history of HIT type 2 or heparin 
allergies and those who have failed other anticoagulants.

COUMARIN
The coumarins are vitamin K antagonists that block the vitamin 
K-dependent, function-enhancing posttranslational modifica
tions of prothrombin and factors VII, IX, and X as well as the 
anticlotting agents protein C and S. Coumadin (warfarin) has 
been shown to be effective for both the primary and secondary 
prevention of VTE, stroke, myocardial infarction, and systemic 
embolism due to artificial valves and atrial fibrillation."^ War
farin is a pregnancy category X  medication because fetal 
exposure can cause nasal and midface hypoplasia, microph
thalmia, mental retardation, and other ocular, skeletal, and 
central nervous system malformations (see Chapter 8). Tera
togenic potential is greatest between the 6th and 12th weeks of 
pregnancy, and the risk of warfarin also includes fetal hemor
rhage. As a result, warfarin is rarely used during gestation, 
although the exceptional case of a patient requiring therapeutic 
anticoagulation who cannot be sufficiently treated with the 
heparins may require its use (e.g., certain patients with artificial 
heart valves). Warfarin is also favored in the postpartum period 
because it is safe to use during lactation.

Therapy is started at a dose of 5 to 10 mg for 2 days, with 
subsequent doses titrated to achieve an international normalized 
ratio (INR) of 2.0 to 3.0. Peak effects occur within 72 hours, 
and its half-life is from 36 to 42 hours.115 Warfarin metabolism 
is greatly affected by genetic polymorphisms, making the 
response to particular dosing regimens unpredictable. A 
pharmacogenetic approach to warfarin dosing includes testing 
for particular variations in vitamin K and warfarin metabolic 
enzymes and using this information to formulate a dosing 
regimen that expeditiously achieves a proper maintenance 
dose.116 A criticism of this approach is that pharmacogenetics 
only account for 30% to 50% of the variability in response 
because environment, diet, and comorbidities often have a sig
nificant influence as well. A nomogram for predicting warfarin 
dosing, based on patient-specific responses to warfarin doses as 
assessed by day 3 and day 5 INRs, has been proposed by Lazo- 
Langner and associates.117 Avoiding the need for costly genetic 
testing, this protocol accounts for individual variation of warfa
rin metabolism.

Because of protein C ’s shorter half-life relative to the other 
vitamin K-dependent clotting factors, warfarin may initially 
create a prothrombotic state, particularly in pregnancy. Thus 
patients who are started on warfarin postpartum should be on 
therapeutic doses of UFH or LM W H for 5 days and until the 
INR is therapeutic for 48 hours. Coumadin effects can be 
reversed by vitamin K.118 The INR generally normalizes within 
6 hours of a 5 mg dose of vitamin K and within 4 days with 
cessation of warfarin therapy. Fresh-frozen plasma can be used 
to achieve immediate reversal of effects. RCOG recommends 
avoiding warfarin until at least the fifth postpartum day and

TABLE 45-4 WEIGHT-BASED NOMOGRAM
FOR UNFRACTIONATED HEPARIN

Give a bolus o f 80 U/kg, followed by a maintenance dosage of
18 U/kg/hr following aPTT values every 6 hr and w ith the following 
adjustments for aPTT values obtained:

aPTT VALUE A D JU STM EN T

<35 sec (<1.2x control value)

35-45 sec (1.2-1.5X control)

46-70 sec (1.6-2.3X control) 
71-90 sec (2.4-3x control) 
>90 sec (>3x control)

Repeat full bolus (80 U/kg) then 
increase infusion rate by 4 U/kg/hr 

Repeat half bolus (40 U/kg) then 
increase infusion rate by 2 U/kg/hr 

No change in infusion rate 
Decrease infusion rate by 2 U/kg/hr 
Stop infusion for 1 hour then decrease 

to 3 U/kg/hr

Modified from Raschke R, Reilly B, Guidry J , Fontana J, Srinivas S. The weight-based 
heparin dosing nomogram compared with a “standard care” nomogram. A randomized 
controlled trial. Ann Intern Med. 1993;119:874-881. 
aPTT, activated partial thromboplastin time.

even longer in patients at increased risk for postpartum 
hemorrhage.64

TREATMENT OF ACUTE DEEP VENOUS THROMBOSIS 
OR PULMONARY EMBOLUS
Women with new-onset VTE diagnosed during pregnancy 
should receive therapeutic anticoagulation, and this treatment 
should be continued for at least 20 weeks. If this period of time 
expires before the end of the postpartum period, prophylactic 
anticoagulation should be initiated in patients without highly 
thrombogenic thrombophilias and should be continued for 6 
weeks to 6 months postpartum, depending on the severity of 
the thrombotic event and the underlying risk factors. During 
pregnancy, UFH and the LMWHs are the drugs of choice given 
their efficacy and safety profile. Therapeutic doses o f the 
LMWH enoxaparin may start at 1 mg/kg subcutaneously 
twice daily. Dosing should be titrated to achieve anti-factor Xa 
levels of 0.6 to 1.0 U/mL when tested 4 hours after injection 
because of inconsistent efficacy of this weight-based regimen in 
pregnant patients.119 UFH for acute DVT or PE is initially given 
intravenously and is titrated to keep the aPTT at 1.5 to 2.5 times 
control (checked every 4 to 6 hours during the titration period), 
usually according to weight-based protocols (Table 45-4).120 IV 
heparin should be continued for 5 to 10 days or until clinical 
improvement is noted. This regimen can be changed to subcu
taneous injections every 8 to 12 hours to keep the aPTT at 1.5 
to 2.0 times control when tested 6 hours after injection.

Prophylactic Anticoagulation Recommendations for Low-, 
Moderate-, and High-Risk Groups. Risk stratification based on 
the likelihoods of recurrence, such as in Table 45-1, is the essen
tial foundation of the recommendations for antepartum and 
postpartum anticoagulation in patients without recent or active 
VTE. This issue has recently been addressed by ACOG121 and 
is summarized in Table 45-5. The first principle is that the 
postpartum period represents a time o f elevated risk, particu
larly in patients with risk factors. For this reason, anticoagula
tion recommendations in the postpartum period are typically a 
maintenance of antepartum recommendations or an increase. 
The second principle is that the various thrombophilias can 
be classified into high- and low-risk types, and anticoagula
tion recommendations for each type will be different depend
ing on whether the patient has a personal history o f VTE. 
Third, patients with recurrent VTE who have tested negative
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TABLE 45-5 ANTICOAGULATION IN PREGNANCY: INDICATIONS, TYPES, AND TIMING
IN D IC ATIO N

VTE in current pregnancy

High-risk thrombophilia
• FVL homozygous
• Prothrombin G 20210A mutation 

homozygous
• FVL/prothrombin G 20210A 

mutation double heterozygous
• Antithrombin III deficiency
Low-risk thrombophilia
• FVL heterozygous
• Prothrombin G 20210A mutation 

heterozygous
• Protein C  deficiency
• Protein S deficiency
No thrombophilia

Two or more prior VTE episodes 
(thrombophilia or no 
thrombophilia)

DESCRIPTION

History o f one prior VTE

No history o f VTE

History o f one prior VTE 

No history o f VTE

History o f one prior VTE
(pregnancy or estrogen related) 

History o f one prior VTE 
(idiopathic)

On long-term anticoagulation

Not on long-term anticoagulation

AN TEPAR TU M

Therapeutic LMW H/UFH to complete
20-week course, then therapeutic 
or prophylactic LMWH/UFH 
regimen as appropriate based on 
thrombophilia or risk factors 

Therapeutic or prophylactic LMWH/ 
UFH

Prophylactic LMWH/UFH

Prophylactic LMW H/UFH or
surveillance w ithout anticoagulation 

Surveillance without anticoagulation or 
prophylactic LMWH/UFH

Prophylactic LMW H/UFH or
surveillance w ithout anticoagulation 

Prophylactic LMWH/UFH or
surveillance w ithout anticoagulation 

Therapeutic LMWH/UFH

Therapeutic or prophylactic LMWH/ 
UFH

POSTPARTUM

Therapeutic LMW H/UFH regimen 
to complete 20-week course, 
followed by prophylactic LMWH 
or postpartum warfarin

Therapeutic or prophylactic LMWH 
regimen or postpartum warfarin; 
dosing/level to match 
antepartum regimen 

Prophylactic LM W H  or postpartum 
warfarin

Prophylactic LMW H/UFH or 
postpartum warfarin 

Surveillance w ithout anticoagulation 
or prophylactic LMWH/UFH or 
postpartum warfarin if  patient 
has additional risk factors 

Prophylactic LM W H  or postpartum 
warfarin

Prophylactic LM W H  or postpartum 
warfarin 

Resumption of long-term 
anticoagulation therapy 

Therapeutic or prophylactic 
LMWH/UFH

Modified from American College of Obstetricians and Gynecologists. Practice Bulletin no. 123: Thromboembolism in pregnancy. Obstet Gynecol. 2011; 118(3):718-729. 
FVL, factor V Leiden; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; VTE, venous thromboembolism.

for the known inherited thrombophilias likely have an 
underlying pathology (e.g., an undiagnosed genetic malforma
tion in a step in the coagulation cascade) and should be cared 
for cautiously.

After this stratification, appropriate dosing is chosen (Table
45-6). Dosing regimens are categorized into prophylactic 
and therapeutic types. Prophylactic therapy is warranted in all 
patients with low to moderate risk during pregnancy and the 
postpartum period. Typical prophylactic doses o f the LMWH 
enoxaparin may start at 40 mg subcutaneously daily. Weight- 
based dosing in pregnant patients may be unreliable, and some 
investigators, but not all, recommend titrating doses to achieve 
anti-factor Xa levels of 0.1 to 0.2 U/mL 4 hours after injection. 
UFH prophylaxis may range from 5000 to 10,000 units subcu
taneously every 12 hours, with dosing adjusted by trimester and 
based on weight. Because of inconsistent efficacy in pregnant 
patients, and because the aPTT cannot be followed in prophy
lactic dosing, this dosing may be titrated to achieve heparin 
levels (by protamine titration assay) of 0.1 to 0.2 U/mL.1” 
Therapeutic dosing of LMWH and UFH should be followed 
with anti-factor Xa levels or aPTT, respectively, as in Table 45-6. 
Postpartum anticoagulation is typically done with LMW H (pro
phylactic or therapeutic dosing), warfarin, or a newer agent if  
the patient is on long-term anticoagulation.

INFERIOR VENA CAVA FILTERS
The use of IVC filters is primarily restricted to patients with 
absolute contraindications to medical anticoagulation or those 
who have failed therapeutic anticoagulation. Pregnant patients 
in need of prophylaxis with a history of HIT type 2 or with true 
heparin or LMW H allergies are potential candidates for IVC 
filters. However, the introduction of fondaparinux may elim i
nate this need. The use of IVC filters is discouraged in younger 
patients, but newer retrievable filters may be appropriate.123

TABLE 45-6 EXAMPLE ANTICOAGULATION REGIMENS

TYPE

Prophylactic
LM W H

Therapeutic
LM W H

Prophylactic
UFH

Therapeutic
UFH

Warfarin
(postpartum,
therapeutic)

DRUG A N D  
DOSING

Enoxaparin 40 mg SC 
once daily

Enoxaparin
1 mg/kg/12 hr

First trimester: UFH 
5000-7500 units 
SC/12 hr 

Second trimester: 
UFH 7500-10 ,000 
units SC/12 hr 

Third trimester: UFH 
10,000 units 
SC/12 hr 

UFH 10,000 U (or 
more)/12 hr

Begin 5-10 mg oral 
daily and titrate to 
INR target

SURVEILLANCE

Consider target anti-Xa 
levels o f 0 .1-0.2 U/mL 
4 hours after injection 

Target anti-Xa levels of
0 .6-1 .0  U/mL tested 
4 hours after injection 

aPTT should be in the 
normal range 

Consider target heparin 
levels o f 0 .1-0 .2  U/mL

Target aPTT in 1.5-2.5X 
control range tested 6 
hours after injection 

Overlap UFH or LMWH 
therapy until INR is 
>2.0 for more than 2 
days; target INR, 2.0-3.0

Modified from American College of Obstetricians and Gynecologists Practice Bulletin no. 
123: Thromboembolism in Pregnancy. Obstet Gynecol. 2011; 118(3):718-729. 
aPTT, activated partial thromboplastin time; INR, international normalized ratio; 
LMWH, low-molecular-weight heparin; SC, subcutaneously; UFH, unfractionated 
heparin; Xa, activated factor X.

DELIVERY AND ANESTHESIA CONCERNS 
As noted earlier, the major concerns of therapeutic anticoagula
tion in pregnancy are regional anesthesia use and the risk of 
hemorrhage. Regional anesthesia is contraindicated within 18 
to 24 hours of therapeutic LM W H use, thus LMW H should be 
converted to UFH at 36 weeks or earlier if  clinically indicated.
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Vaginal or cesarean delivery more than 24 hours after thera
peutic LM W H dosing should not pose a risk of hemorrhage, 
although protamine sulfate may be necessary to partially reverse 
anticoagulation. Protamine sulfate may also be used to normal
ize completely an elevated aPTT in patients on therapeutic 
UFH near the time of delivery. Heparin anticoagulation may be 
restarted 3 to 6 hours after vaginal delivery and 6 to 8 hours after 
cesarean delivery. Coumadin anticoagulation may be started on 
the first postpartum or postoperative day, although it should be 
recognized that RCOG recommends waiting until at least the 
fifth day postpartum. As noted earlier, because of the paradoxic 
increase in APC resistance and factor VIII after starting couma- 
din, therapeutic doses of the heparins should be continued for 
5 days and until the INR reaches therapeutic range (2.0 to 3.0) 
for 2 successive days.

The risk of hemorrhage or complication from regional anes
thesia is minimal when administered more than 12 hours after 
a prophylactic dose of LM W H. Again, given the difficulty of 
timing administration with the onset of labor, we recommend 
converting from LM W H to UFH at 36 weeks or earlier as clini
cally indicated. As with therapeutic use, anticoagulation may be 
restarted 3 to 6 hours after vaginal delivery and 6 to 8 hours 
after cesarean delivery.

POSTPARTUM BREASTFEEDING
UFH does not cross into breast m ilk and is therefore considered 
safe during breastfeeding. Warfarin is also considered safe for 
breastfeeding because it does not accumulate in breast m ilk and 
has no effect on the coagulation of breastfeeding neonates. 
Long-term use of UFH is associated with bone loss, typically 
in doses higher than 15,000 U/day and for use longer than 6 
months. Bone density typically recovers over time after discon
tinuing heparin.

KEY POINTS

♦ Pregnancy, childbirth, and the puerperium pose serious 
hemorrhagic challenges that are met by increased decid
ual and systemic clotting potential.

♦ VTE is a leading cause of mortality and serious morbid
ity in pregnant women, with a prevalence of 1 per 1000 
to 1 per 2000 pregnancies; the greatest risk of fatal PE 
occurs following caesarean deliveries.

♦ Inherited and acquired thrombophilias account for 
most VTEs in pregnancy.

♦ VUS is the most common diagnostic modality used in 
the evaluation of patients with suspected DVT, with an 
overall sensitivity and specificity of 90% to 100% for 
proximal vein thromboses.

♦ In stable patients with suspected PE and leg signs or 
symptoms, VUS should be performed because it may 
avoid the risks of radiation exposure and may detect a 
DVT, the cause of the PE.

♦ Stable patients with suspected PE should have a chest 
radiograph to determine the diagnostic test to be used. 
A nondiagnostic chest radiograph should therefore 
prompt performance of a V/Q scan. A patient with 
abnormal chest radiography should be evaluated with 
spiral CTPA.

♦ Heparin remains the mainstay of therapy for VTE, 
with its most serious but rare complication being

immunoglobulin-mediated HIT type 2, which usually 
occurs 5 to 14 days following initiation of therapy and 
paradoxically increases the risk of thrombosis.

♦ Thromboprophylaxis is warranted in high- and 
moderate-risk groups based on a history of VTE and 
the presence of thrombophilia and should be selected 
according to overall risk for recurrence.

♦ Protamine sulfate can entirely reverse the anticoagulant 
effect of UFH and can partially (80%) reverse the effect 
of LMWH.

♦ Graduated elastic compression stockings and pneumatic 
compression devices appear to reduce the likelihood of 
VTE in pregnancy and, at a minimum, should be used 
in all high-risk patients and should be strongly consid
ered for all patients undergoing cesarean delivery. (We 
follow this recommendation in our own practice).
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SYSTEMIC LUPUS ERYTHEMATOSUS 
Epidemiology and Etiology
Systemic lupus erythematosus (SLE) is a chronic inflamma
tory and autoimmune disorder that can affect multiple organ 
systems, including the skin, joints, kidneys, central nervous 
system, heart, lungs, and liver.

SLE is more prevalent among women than men, and most 
women who are affected by the disease manifest it at some

point during their reproductive years. Not infrequently, an 
initial diagnosis is made during the course of an evaluation for 
pregnancy complications or during pregnancy or the postpar
tum period. Significant racial differences are apparent in 
disease prevalence: black women have a prevalence o f 405  
per 100,000 compared with a prevalence o f 164 per 100,000  
among white women.1

Genetic predisposition appears to be an important contrib
uting factor to the development of SLE in that 5% to 12%
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Section VI Pregnancy and Coexisting Disease

of relatives of SLE patients also have the disease. The con
cordance for SLE is high (-25% ) among monozygotic twins. 
Rare genetic factors such as deficiencies in complement com
ponents and mutations in the TREX1 gene, which encodes 
a DNA-degrading enzyme—as well as more common single 
nucleotide polymorphisms (SNPs) in the major histocompatibil
ity complex (M HC)— are associated with the development of 
SLE.2 Although an individual may be genetically predisposed to 
develop SLE, the cause appears to be multifactorial. Studies have 
identified various exposures— such as to the Epstein-Barr virus, 
ultraviolet (UV) light, and silica dust— as having associations 
with SLE.3 Emerging research suggests that such exposures may 
mediate the development of SLE through epigenetic changes 
that cause sustained alterations in gene expression.3

Consistent with the higher prevalence of SLE among women, 
hormonal factors appear to play an important role. Early 
menarche, oral contraceptives, and postmenopausal hormone 
replacement have all been associated with an increased risk 
for SLE.4

Clinical Manifestations
The clinical course o f SLE is characterized by periods o f  
disease “flares” interspersed with periods o f remission. The 
most common presenting symptoms o f SLE include arthral
gias, fatigue, malaise, weight change, Raynaud phenomenon, 
fever, photosensitive rash, and alopecia. Constitutional symp
toms will be present in nearly all women at some point in their 
disease course. More than 90%  o f individuals with SLE will 
experience arthralgias, which are typically migratory and most 
commonly involve the proximal interphalangeal and metacar
pophalangeal joints, wrists, and knees. The arthralgias o f SLE 
typically improve as the day progresses. Most patients also 
have skin manifestations at some point in the course o f the 
disease, and the classic presentation is a malar “butterfly” 
rash that worsens with sun exposure. For women who present 
in the postpartum period, some SLE symptoms—such as fatigue 
and hair loss—may be easily overlooked. More severe but less 
common manifestations include discoid lupus (inflammatory 
skin lesions that result in scarring), lupus nephritis (LN), pleu
risy, pericarditis, and seizures or psychosis.

Diagnosis
The American College of Rheumatology (ACR) has devised a 
set of diagnostic criteria for SLE. These criteria were most 
recently revised in 1997 (Table 46-1) and are highly sensitive 
and specific for SLE. To be diagnosed with SLE, a patient must 
have at least four o f the 11 clinical and laboratory criteria, 
either serially or simultaneously. It should be emphasized, 
however, that some women with features o f SLE might not 
meet the strict diagnostic criteria but can still be at risk for 
pregnancy complications. These women may benefit from 
increased surveillance and even treatment.

Because nearly all individuals with SLE will have a positive 
antinuclear antibody (ANA) titer, this is a reasonable initial 
screening test for women with suggestive symptoms. I f the 
ANA test is negative, a diagnosis o f SLE is highly unlikely. 
However, an elevated ANA titer is not specific for SLE because 
it can also be seen in other autoimmune conditions such as 
Sjogren syndrome, scleroderma, and rheumatoid arthritis (RA). 
Anti-double-stranded DNA (anti-dsDNA) and anti-Smith 
(anti-Sm) antibodies are more highly specific for SLE, albeit 
less sensitive. Anti-dsDNA titers are frequently elevated in

TABLE 46-1 REVISED AMERICAN COLLEGE OF 
RHEUMATOLOGY CRITERIA FOR 
CLASSIFICATION OF SYSTEMIC LUPUS 
ERYTHEMATOSUS (1982 AND 1997)

Fixed erythema, flat or raised, over the malar eminences 
that tends to spare the nasolabial folds 

Erythematous raised patches w ith adherent keratotic 
scaling and follicular plugging; atrophic scarring may 
occur in older lesions 

Oral or nasopharyngeal ulceration, usually painless 
Nonerosive arthritis involving two or more peripheral 

joints, characterized by tenderness, swelling, or 
effusion

Pleuritis (convincing history o f pleuritic pain, rubbing 
heard by a physician, or evidence o f pleural effusion) 

Pericarditis documented by ECG or rub or evidence of 
effusion

Persistent proteinuria greater than 0.5 g/day or greater 
than 3+ if  quantitation is not performed 

Cellular casts: Red cell, hemoglobin, granular, tubular, or 
mixed

Seizures in the absence o f offending drugs or known 
metabolic derangements (e.g., uremia, ketoacidosis, 
or electrolyte imbalance)

Psychosis in the absence o f drugs or metabolic 
derangements 

Hemolytic anemia w ith reticulocytosis 
Leukopenia <4000/mm3 on two or more occasions 
Lymphopenia < 1500/mm3 on two or more occasions 
Thrombocytopenia < 100,000/mm3 in the absence of 

drugs
Anti-DNA: Antibody to native DNA in abnormal titer 
Anti-Sm: Presence o f antibody to Sm nuclear antigen 
Positive finding o f antiphospholipid antibodies based 

on* d )  an abnormal serum level o f IgG or IgM 
anticardiolipin antibodies, (2) a positive test result for 
lupus anticoagulant using a standard method, or (3) a 
false-positive serologic test for syphilis for 6 months 

An abnormal titer o f  ANA by immunofluorescence or 
an equivalent assay at any point in time and in the 
absence o f drugs known to be associated with 
drug-induced lupus syndrome

For the purposes of enrollment in clinical studies, a person is defined as having systemic 
lupus erythematosus (SLE) if  four or more of the 11 criteria are present, serially or 
simultaneously.
*Testing for antiphospholipid antibodies should also include IgG and IgM anti-P2- 
glycoprotein I antibodies.
ANA, antinuclear antibody; ECG, electrocardiograph; Ig, immunoglobulin.

the setting of a disease flare, whereas Anti-Sm antibodies are 
detected in 30% to 40% of individuals with SLE and are associ
ated with LN. Antiribonucleoprotein (anti-RNP) antibodies are 
associated with myositis and Raynaud phenomenon. Patients 
with either SLE or Sjogren syndrome may also have anti-Ro/ 
SSA and anti-La/SSB antibodies, which are particularly rel
evant to the obstetric patient because o f the association with 
neonatal lupus erythematosus (NLE) and congenital heart 
block (CHB).

Lupus Flare in Pregnancy
Studies on the risk of SLE flare in pregnancy have yielded incon
sistent results. In the 1960s and 1970s, studies suggested a sig
nificant risk for disease flare in pregnancy with accompanying 
high rates of adverse maternal and fetal/neonatal outcomes. 
However, more recent studies indicate that pregnancy may not 
significantly increase the risk of an SLE flare.5'1’ If flares do occur 
in pregnancy, they are generally not severe and are relatively 
easily treated. The best predictor o f the course o f SLE during

M alar rash 

Discoid rash

Oral ulcers 
Arthritis

Serositis

Renal

Neurologic
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Chapter 46 Collagen Vascular Diseases in Pregnancy 983

gestation is the state o f disease activity at the onset o f preg
nancy. In one study, approximately one third of women who 
were in remission for at least 6 months prior to pregnancy suf
fered an SLE flare compared with two thirds of women with 
active disease at the beginning of pregnancy.8 Thus women with 
SLE should be counseled to delay pregnancy until their 
disease has been in remission for at least 6 months.

The detection of SLE flare in pregnancy requires frequent 
clinical assessment and astute clinical judgment. Flares in preg
nancy most commonly manifest as fatigue, joint pain, rash, 
and proteinuria. Assessing anti-dsDNA titers and comple
ment (C3 and C4) levels may provide additional evidence o f  
disease flares in women with clinical symptoms. The routine 
assessment o f anti-dsDNA and complement levels in asymp
tomatic women is o f doubtful clinical utility.

Lupus Nephritis in Pregnancy
Renal manifestations are present in approximately half of 
all patients with SLE. Although LN may be suspected based 
on hematuria, proteinuria, and casts on urinalysis, confirma
tion of the diagnosis requires a renal biopsy. According to the 
International Society of Nephrology and the Renal Pathology 
Society, six classes of LN have been defined, with the most 
common and severe form being class IV, or diffuse LN."1 All 
patients with active diffuse LN have proteinuria and hematuria, 
and a significant subset of patients will progress to nephrotic 
syndrome, hypertension, and renal insufficiency. Women with 
LN, particularly active disease, are at especially increased 
risk for adverse pregnancy outcomes that include hyperten
sive disorders o f pregnancy, disease flares, low birthweight 
infants, and indicated preterm delivery." Similar to SLE in 
general, the activity of LN during pregnancy is related to disease 
status at conception. In one study, an LN flare was seen in only 
9% of cases in which the disease was in remission for at least
5 months prior to pregnancy, compared with 66% of cases 
in which disease was clinically active at conception.12 Women 
with baseline renal insufficiency are at greatest risk. Ideally, 
assessment of baseline renal status— serum creatinine and urine 
protein excretion— is done prior to planning a pregnancy. If 
the patient is already pregnant, assessment as early as feasible 
in the pregnancy is recommended. As a general rule, a serum 
creatinine o f 1.4 to 1.9 mg/dL (estimated glomerular filtration 
rate [EGFR] -3 0  to 59 mL/min/1.73 m2) is a relative contrain
dication to pregnancy given the substantial risk o f midterm 
pregnancy complications that might require preterm deliv
ery. Most experts consider a serum creatinine o f 2.0 mg/ 
dL or greater (EGFR -15 to 29 mL/min/1.73 m2) to be an 
absolute contraindication to pregnancy, again because of 
the substantial risk o f pregnancy complications requiring 
extreme preterm birth (PTB) and the threat to long-term 
renal function. Women with moderate and especially severe 
baseline renal insufficiency should be counseled regarding the 
small (5% to 10%) but real risk of an irreversible decline in 
renal function during pregnancy.1’

Women with LN often have increasing proteinuria across 
gestation, related in part to increased glomerular filtration. 
However, an isolated increase in proteinuria without new-onset 
or worsening hypertension or a significant rise in serum creati
nine should not be an indication for preterm delivery. Further
more, the American College of Obstetricians and Gynecologists 
(ACOG) no longer considers proteinuria a necessary diagnostic 
criterion for preeclampsia.

Distinguishing between a flare in SLE (and LN) and pre
eclampsia can pose a clinical dilemma. Both entities can 
present with hypertension and proteinuria. If the pregnancy is 
at or near term, delivery may be the most prudent strategy. 
Preeclampsia should resolve after delivery. However, if  the preg
nancy is still very preterm, distinguishing between a disease flare 
and preeclampsia is more critical. A SLE flare can usually be 
treated, such as with corticosteroids, to prolong the pregnancy 
and optimize neonatal outcomes. Because elevated anti-dsDNA 
titers and low complement levels are often seen in active SLE, 
assessing them may aid in distinguishing between a disease flare 
and preeclampsia. However, it should be emphasized that hypo- 
complementemia can also be seen in preeclampsia.14 Examina
tion o f the urine sediment may also provide useful information 
because hematuria and cellular casts often accompany an LN 
flare but are not characteristic of preeclampsia. Renal biopsy may 
be considered in difficult cases but is usually avoided during 
pregnancy unless management of the pregnancy is incumbent 
upon the results.

Women with severe LN are often treated with mycopheno- 
late mofetil (MMF), a significant teratogen that is contrain
dicated in pregnancy. MMF is typically replaced by azathioprine 
(A7.A) when a pregnancy is planned or soon after conception in 
an unplanned pregnancy. In one study, preconceptional replace
ment of MMF with AZA among women with inactive disease 
did not lead to an increase in LN flares in the 3 to 6 months 
prior to a confirmed pregnancy.15

Pregnancy Complications
Women with SLE do not appear to be less fertile than women 
without SLE, but they are at increased risk for multiple ad
verse pregnancy outcomes that include pregnancy loss, PTB, 
preeclampsia, and intrauterine growth restriction (IUGR).

Pregnancy Loss
Studies from the 1960s and 1970s reported pregnancy loss rates 
as high as 50% among women with SLE. Although rates of 
pregnancy loss appear to have declined over the decades, prob
ably related to improved treatment and surveillance, women 
with SLE are still at greater risk for pregnancy loss compared 
with women who do not have SLE. One study found that even 
women with disease remission at the onset of pregnancy had a 
risk of miscarriage or fetal death of 17% compared with 5% for 
women without SLE.K’ A meta-analysis reported a spontaneous 
abortion rate of 16% and a stillbirth rate of 3.6% among women 
with SLE.11 The National Institutes of Health (NIH) sponsored 
Predictors of Pregnancy Outcome: Biomarker In Antiphospho
lipid Antibody Syndrome and Systemic Lupus Erythematosus 
(PROMISSE), a study that followed a cohort of women with 
inactive or mild-to-moderate SLE activity at conception. Because 
patients were enrolled in the late first or early second trimesters, 
early pregnancy loss was not assessed. However, the overall fetal 
death rate among these women was 4%, and the neonatal 
death rate was 1%.'

Active disease at the onset o f pregnancy confers an increased 
risk for pregnancy loss. Among a cohort of 267 pregnancies 
followed between 1987 and 2002, 77% resulted in a live birth 
among women with high-activity SLE compared with 88% 
among those with low-activity disease.18 In addition to disease 
activity, LN, hypertension, and antiphospholipid antibodies 
(aPLs) are all associated with an increased risk for pregnancy loss 
(see Chapter 27 ).19
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984 Section VI Pregnancy and Coexisting Disease

Intrauterine Growth Restriction
The increased risk for stillbirth among women with SLE is likely 
related to higher rates of placental insufficiency and IUGR (see 
Chapter 33), particularly among pregnancies complicated by 
active disease, hypertension, LN, and/or antiphospholipid syn
drome (APS). Although the rate o f IUGR among pregnancies 
complicated by SLE has been reported to be as high as 40% ,20 
modern treatments and improved pregnancy surveillance 
have probably decreased this rate. A study from the National 
Inpatient Sample analyzed over 16 million hospital admissions 
for childbirth and found that 5.6% of women with SLE carried 
a diagnosis of IUGR, compared with 1.5% among women 
without SLE (this difference was not statistically significant).21 
In the PROMISSE study, 8% of infants of women with mild to 
moderate SLE were small for gestational age (SGA).1' Chronic, 
high-dose glucocorticoid treatment is also a risk factor for 
IUGR. Because of the increased risk for IUGR and stillbirth, it 
is standard practice to assess fetal growth intermittently with 
ultrasound after 20 weeks and to perform antenatal testing (non
stress tests or biophysical profiles) in the third trimester.

Preterm Birth
Women with SLE have an approximately threefold increased 
risk for PTB.22 In the PROMISSE study, 9% of pregnancies 
delivered before 36 weeks.17 Most of these PTBs are not spon
taneous but are rather iatrogenic, the result of fetal or maternal 
indications (IUGR, preeclampsia, disease flare, deteriorating 
renal function, etc.). Women with active disease, aPLs, LN, and 
hypertension are at particular risk for PTB. In one study, a full- 
term delivery was achieved in only 26% of women with high- 
activity SLE compared with 61% of women with low-activity 
disease or remission.23 High-dose glucocorticoids have also been 
associated with an increased risk for preterm premature rupture 
of membranes.

Hypertensive Disorders of Pregnancy
Hypertensive disorders (gestational hypertension or preeclamp
sia) occur in 10% to 30%  o f pregnancies with SLE.5 21 The
risk for preeclampsia is particularly increased in women with LN 
and/or chronic hypertension. Preeclampsia may develop in as 
many as two thirds of women with LN23 and is a frequent indi
cation for iatrogenic PTB. It appears that preeclampsia is also 
more likely to develop at an earlier gestational age among women 
with a history of LN compared with those without such a history 
(37-5 weeks vs. 34.5 weeks in one study24). Daily low-dose 
aspirin (typically 81 mg in the United States) beginning early 
in pregnancy is recommended for women with SLE, partic
ularly those with renal manifestations, because evidence 
suggests this may modestly decrease the risk o f developing 
preeclampsia.21

As mentioned previously, it may be difficult in some cases to 
distinguish between an SLE flare and preeclampsia, and astute 
clinical judgment is required. Hospitalization for maternal and 
fetal monitoring, administration of antenatal steroids, and 
thoughtful determination of the need for delivery is frequently 
indicated in these cases.

Neonatal Lupus Erythematosus
Neonatal lupus erythematosus is an acquired autoimmune 
condition related to the transplacental transfer o f anti-Ro/ 
SSA and anti-La/SSB antibodies. NLE most commonly pres
ents as an erythematous, scaling, plaquelike rash that begins in

the early neonatal period and may persist for 1 to 2 months. 
Less common manifestations of NLE include hematologic 
abnormalities (leukopenia, hemolytic anemia, thrombocytope
nia) and hepatosplenomegaly. Fortunately, the incidence of NLE 
is low. Among all pregnant women with SLE, the risk o f NLE 
is less than 5%. O f those women with SLE who test positive 
for anti-Ro/SSA and anti-La/SSB antibodies, at most 15% to 
20% will have an affected newborn. M any mothers of newborns 
with NLE will not carry a current diagnosis of SLE. However, 
a significant number of these women will develop symptomatic 
autoimmune disease, often Sjogren syndrome, in the future. 
They should therefore be counseled to seek medical evaluation 
if symptoms of SLE or Sjogren syndrome develop.

The most serious manifestation o f NLE is complete heart 
block. It is most frequently diagnosed at a routine prenatal 
visit when a fixed fetal bradycardia o f 50 to 80 beats/min is 
detected. CHB is most commonly diagnosed between 16 and 
24 weeks’ gestation, and it is rarely diagnosed in the third 
trimester. It is caused by the binding of antibodies to antigens 
in fetal cardiac tissue with subsequent damage to the cardiac 
conduction system and, ultimately, complete atrioventricular 
(AV) dissociation. Some cases progress to endocardial fibroelas
tosis, which can result in cardiac failure that leads to fetal 
hydrops and fetal death. Among women with anti-Ro/SSA and 
anti-La/SSB antibodies, the risk for CHB in the fetus is only 
1% to 2%. However, women with a prior affected child have a 
recurrence risk for CHB of 15% to 20% in subsequent pregnan
cies.26 Fetal genetic factors, such as certain human leukocyte 
antigen (HLA) polymorphisms, may modify susceptibility to the 
development of CH B.2 Although many clinicians routinely 
test pregnant women with SLE for anti-Ro/SSA and anti-La/ 
SSB antibodies, this practice is not without controversy given 
that CHB is infrequent, antenatal treatment to alter outcome 
is o f uncertain efficacy, and a positive test result may cause 
unnecessary maternal anxiety.

Complete CHB is irreversible and is associated with an 
overall mortality rate o f at least 20%  (5% stillborn).2S The 
majority o f survivors require a pacemaker. In one series of 102 
cases, a prenatal diagnosis of CHB was associated with a 43% 
risk of mortality in the first two decades of life.21 Among a 
registry of 325 offspring with cardiac manifestations of NLE, 
predictors of a stillbirth or postnatal death included hydrops, 
endocardial fibroelastosis, earlier diagnosis, and a lower ventricu
lar rate.30 In addition, the case fatality rate was significantly 
higher among minorities (32.1% for blacks compared with 
14.3% for whites).30

Management of Pregnancies Complicated 
by Systemic Lupus Erythematosus
Because SLE commonly affects women at some point during 
their reproductive years, the clinician should be familiar with 
the high-risk nature of these pregnancies and the altered man
agement and increased surveillance required. Ideally, women 
with SLE would present for a preconceptional visit such that 
disease remission could be ensured, medications reviewed, 
and counseling performed.

Table 46-2 outlines recommendations for the management of 
pregnancies complicated by SLE. Key components include the 
assessment o f disease activity and renal manifestations, sur
veillance for preeclampsia, surveillance o f fetal growth, and 
antenatal testing. Co-management with a rheumatologist is 
particularly important for women with severe manifestations
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Chapter 46 Collagen Vascular Diseases in Pregnancy 985

TABLE 46-2 RECOMMENDATIONS FOR MANAGEMENT 
OF PREGNANCIES COMPLICATED BY 
SYSTEMIC LUPUS ERYTHEMATOSUS

Antiphospholipid antibodies: Lupus 
anticoagulant, anticardiolipin IgG/IgM, and 
anti-P2-glycoprotein I IgG/IgM 
Review current medications and risks 
Consider testing for anti-Ro/SSA and 
anti-La/SSB antibodies (controversial)
Serum creatinine every 4 to 6 weeks 
Baseline urine protein assessment (24-hour 
urine collection or spot protein/creatinine 
ratio)
Urine culture each trimester*
Increased surveillance for signs and 
symptoms o f preeclampsia 
M onthly ultrasonographic assessment o f fetal 
growth after 24 to 28 weeks 
NST/AFI or BPP beginning at 32 weeks 
unless indicated earlier (e.g., due to IUGR) 
Delivery by 39 weeks unless indicated earlier 
(e.g., due to IUGR, preeclampsia, worsening 
renal function)
Early and repeated screening for gestational 
diabetes
Stress-dose steroids at delivery, particularly 
for women on more than 20 mg/day of 
prednisone for more than 3 weeksf 
D aily low-dose aspirin
Consideration o f prophylactic or therapeutic 
heparin, depending on laboratory results and 
clinical history (see section on 
antiphospholipid syndrome)
Continuation, or possibly initiation, of 
hydroxychloroquine
Postpartum m onitoring for increased disease 
activity_________________________ _ _ _ _ _ _

*Sulfa antibiotics may exacerbate lupus symptoms in some patients. Consider other 
antibiotics for the treatment of urinary tract infections.
intravenous hydrocortisone 100 mg every 8 hours for 2 to 3 doses is one regimen.
AFI, amniotic fluid index; BPP, biophysical profile; IG, immunoglobulin;
IUGR, intrauterine growth restriction; NST, nonstress test.

or active disease. Furthermore, some women experience a 
disease flare in the postpartum period; therefore the obstetrician 
should carefully assess disease activity at postpartum visits, and 
follow-up with rheumatology in the 1 to 3 months following 
delivery is usually recommended.

Management of Congenital Heart Block
Given that complete CHB is irreversible and that the prognosis 
is grave, efforts have focused on trying to predict and prevent 
the development of CHB. Some experts have proposed serial 
fetal echocardiograms with Doppler monitoring of the PR inter
val or kinetocardiography in women with anti-Ro/SSA and 
anti-La/SSB antibodies, particularly in those with a prior fetus 
affected by CHB. However, these practices are controversial, and 
no formal guidelines for the type and frequency of monitoring 
have been established. Neither fetal Doppler PR interval moni
toring nor kinetocardiography have been associated with proven 
benefit, in part because progression to CHB can occur rapidly 
and without discernable progression through first- and second- 
degree block. In spite of this, many experts— including expert 
rheumatologists and pediatric cardiologists— recommend serial 
PR interval monitoring of the fetus in a woman with anti-SSA/ 
Ro and anti-SSB/La antibodies. In our experience, the inclina
tions of the local pediatric cardiology team play a dominant

role in deciding upon the nature and frequency of such 
monitoring.

Even with early detection o f cardiac conduction abnor
malities or new-onset CHB, no credible evidence suggests 
that medical interventions alter outcomes. Current treat
ment recommendations are based on expert opinion and rela
tively small studies, all nonrandomized. Several case series have 
described use of fluorinated steroids such as dexamethasone 
for the treatment of either cardiac conduction abnormalities 
or new-onset CHB.31'33 The PR Interval and Dexamethasone 
Evaluation (PRIDE) study enrolled 40 women with anti-Ro/ 
SSA antibodies and a fetus with any degree of heart block diag
nosed echocardiographically.31 Thirty women were treated with 
dexamethasone and 10 declined treatment. No cases of CHB 
reverted, treated or untreated. Among six treated fetuses with 
second-degree block, three remained in second-degree block, 
two reverted to normal sinus rhythm (NSR), and one progressed 
to complete block. Two treated fetuses had first-degree block, 
and both reverted to NSR after initiation of dexamethasone. 
However, the one untreated fetus with first-degree block was in 
NSR at birth. Although case selection in this nonrandomized 
study likely played a role, no perinatal deaths were reported 
in the nontreated group compared with deaths (20%) in the 
dexamethasone group. Treatment with steroids was associated 
with more preterm and SGA infants; the potential adverse 
effects of steroids must thus be weighed against the limited 
data that support a benefit in cases of early cardiac conduction 
abnormalities.

Although experts generally agree that steroid treatment 
should not be expected to reverse CHB, at least one group 
of investigators has concluded that steroid treatment might 
reverse or improve hydrops, reduce morbidity, and improve 
1-year survival.32 Others disagree.30,34 In addition to steroid 
treatment, (3-stimulation— such as with terbutaline, ritodrine, 
or salbutamol— has been administered in some cases of a very 
low fetal heart rate (<55 beats/min) in an attempt to increase 
the heart rate and prevent hydrops. Once again, data to support 
this treatment strategy are very lim ited.32 Table 46-3 outlines 
management strategies for CHB.

Strategies to prevent conduction abnormalities altogether 
would certainly seem attractive, and three preventive treat
ments have been considered. Glucocorticoids are not recom
mended as preventative treatment for women at high risk of 
CHB due to lack of proven benefit and because most fetuses will 
not develop CHB. Furthermore, chronic glucocorticoid therapy 
is associated with some maternal and fetal risks, including poten
tial programming effects on offsprings’ hypothalamic-pituitary- 
adrenal axis and neurodevelopment (see Chapter 5).

Two multicenter prospective observational studies have evalu
ated intravenous immunoglobulin (IVIG) as a preventative 
agent.35,36 The two studies enrolled a total of 44 women at high 
risk for CHB. The results do not indicate that IVIG is effective 
at preventing the development of CHB, and it should not be 
used for this purpose outside of approved research protocols.

More recent data suggest a potential benefit of hydroxychlo
roquine (HCQ) in decreasing the risk of NLE cardiac com
plications among high-risk women.3 411 In a historic cohort of 
257 pregnancies in women with anti-Ro/SSA antibodies and 
a previous child affected with CHB, H CQ  use beginning in 
the first trimester was associated with significantly decreased 
odds of cardiac NLE (0.23; 95% confidence interval [C l],
0.06 to 0.92), defined as second- or third- degree block or

Baseline assessment

Lupus nephritis

Intrauterine growth 
restriction (IUGR) 

Stillbirth

Chronic steroid 
therapy

Antiphospholipid
antibodies

Lupus flare
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986 Section VI Pregnancy and Coexisting Disease

TABLE 46-3 MANAGEM ENT APPROACHES FOR 
CONGENITAL HEART BLOCK

Anti-Ro/SSA, anti-La/ 
SSB antibodies, no 
previously affected 
child

Anti-Ro/SSA, anti-La/ 
SSB antibodies, 
previously affected 
child

First-degree heart 
block*

Second-degree heart 
block*

First-degree (complete) 
heart block1

Risk o f CHB is l% -2% , routine 
monitoring of the fetal PR interval is 
usually not recommended (controversial)

Risk o f CHB is 15%-20%
Give hydroxychloroquine beginning in the 
first trimester (400 mg/day)
Consider serial monitoring o f the fetal PR 
interval (controversial) w ith weekly pulsed 
Doppler echocardiography*
Patient m ay revert to normal sinus rhythm; 
monitor for progression 
Consider dexamethasone treatment at 
4 mg/day (controversial)
Monitor for progression 
Consider dexamethasone treatment at 
4 mg/day upon diagnosis 
Discontinue dexamethasone if  condition 
progresses to complete block except with 
evidence o f hydrops
Given potential adverse effects, consider 
discontinuation o f dexamethasone if  heart 
block reverts 
M onitor for hydrops 
Give dexamethasone if  hydrops develops 
Consider oral terbutaline (2.5-7.5 mg every 
4-6 hr) for an FHR <55 beats/min1

^Highest risk period for development of CHB is between 18 and 24 weeks’ gestation. 
fFetal echocardiography is recommended to rule out structural heart disease.
*Caution is warranted with chronic terbutaline therapy because of reported serious 
maternal adverse events. Terbutaline should especially be avoided in women with 
diabetes, hypertension, hyperthyroidism, seizures, or a history of arrhythmias.
CHB, congenital heart block; FHR, fetal heart rate.

isolated cardiomyopathy.38 Given the low risk for fetal harm 
(see the section on medications) and potential benefit, initia
tion of H C Q  in the first trimester should be considered among 
women positive for anti-Ro/SSA antibodies who have had a 
prior affected child.

Drug Used to Treat Systemic Lupus 
Erythematosus and Pregnancy Considerations
It should be noted that as of June of 2015, the U.S. Food and 
Drug Administration (FDA) Pregnancy and Lactation Labeling 
Final Rule requires that the pregnancy safety letter categories of 
A, B, C, D, and X be removed from drug labels and replaced 
by a risk summary, clinical considerations, and available data. 
The goal of this change is to better assist health care providers 
in assessing the benefits versus risks of medications in pregnancy. 
This rule also requires that labels be updated when the informa
tion is outdated.

Drugs w ith Acceptable Risk Profiles in Pregnancy 
(See Chapter 8)
HYDROXYCHLOROQUINE
Past concerns regarding HCQ being associated with fetal 
ocular toxicity and ototoxicity (FDA category C) have not 
been confirmed by studies published within the past 15
years.39,41 One study of 114 HCQ-exposed pregnancies, most 
in the first trimester, compared with 455 unexposed pregnancies 
found no significant difference in the rate of congenital anoma
lies.41 Moreover, the continuation of H CQ  during pregnancy 
may be beneficial; one retrospective analysis42 showed that 
women who remained on H CQ  had less severe SLE flares and

thus required lower doses of glucocorticoids. Evidence also sug
gests that H C Q  may prevent CHB in at-risk fetuses.37,38,40 Given 
the possible benefits and the apparent lack of harm, many 
experts now recommend that women on H C Q  who become 
pregnant continue the medication during pregnancy. It is also a 
favored agent for the treatment of SLE flares in pregnancy, and 
HCQ is compatible with breastfeeding.

GLUCOCORTICOIDS
SLE flares in pregnancy are most commonly treated with 
glucocorticoids. Nonfluorinated steroids, such as prednisone 
and methylprednisolone (both FDA category C) are preferred 
in pregnancy because the placenta metabolizes these agents to 
an inactive metabolite, which results in limited fetal exposure. 
Some studies have reported a small increased risk of cleft lip and 
palate with first-trimester glucocorticoid use,43 but other studies 
have not confirmed these findings.44 If the risk for orofacial clefts 
is increased, this increase appears to be small. Prolonged use of 
glucocorticoids is associated with an increased risk for mater
nal bone loss, gestational diabetes, hypertension and pre
eclampsia, and adrenal suppression. The use of prednisone in 
moderate to high doses may be associated with preterm rupture 
of membranes (PROM) and fetal growth restriction.45 Women 
taking glucocorticoids should be screened early for gestational 
diabetes, and the test should be repeated at the usual 24 to 28 
weeks if  normal. Those on 20 mg/day or more of prednisone for 
at least 3 weeks are at greatest risk of adrenal suppression and 
should receive stress-dose steroids during labor and delivery. 
One stress-dose regimen is 100 mg of intravenous (IV) hydro
cortisone every 8 to 12 hours for two to three doses. The risk of 
adrenal suppression for women taking 5 mg or less per day of 
prednisone is very small, and stress-dose steroids are not indi
cated. For women who take more than 5 mg and less than 
20 mg per day, many clinicians still administer stress-dose ste
roids, although simply continuing women on their daily steroid 
dose is probably adequate. In general, prednisone is compatible 
with breastfeeding, although for women who take more than 
20 mg per day, it may be prudent to delay feeding for 4 hours 
after the dose.

NONSTEROIDAL ANTIINFLAMMATORY DRUGS
Nonsteroidal antiinflammatory drugs (NSAIDs) are consid
ered first-line treatment for autoimmune disease symptoms 
such as arthralgias or arthritis. First trimester NSAID exposure 
was not associated with an increase in the rate of congenital 
malformations or a decrease in infant survival in several large 
population-based studies.46'4' It is controversial as to whether 
first- and early second-trimester use of NSAIDs is associated 
with an increased risk of spontaneous abortion. Third-trimester 
NSAID use may cause premature closure o f the fetal ductus 
arteriosus, particularly after 30 weeks’ gestation, and oligo
hydramnios. For these reasons, NSAIDs are FDA category C 
before 30 weeks and category D thereafter. NSAIDs should 
be used judiciously in the late first and second trimesters of 
pregnancy and should be generally avoided after 28 to 30 weeks. 
The single exception is low-dose aspirin, which can be taken 
safely throughout pregnancy. Daily low-dose aspirin may 
provide modest risk reduction for the development of pre
eclampsia among high-risk women. 48 Data are limited regard
ing cyclooxygenase 2 (COX-2) inhibitors such as celecoxib in 
pregnancy, and it is recommended that these agents be avoided. 
NSAIDs are compatible with breastfeeding.
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Chapter 46 Collagen Vascular Diseases in Pregnancy 987

AZATHIOPRINE
Azathioprine (FDA category D) is used in the prevention of 
transplant rejection and in the treatment of SLE and LN. 
Although teratogenicity has been documented in animal studies, 
the human placenta lacks the enzyme that metabolizes AZA to 
its active metabolite, 6-mercaptopurine. As a result, very little 
active drug reaches the fetal circulation. Human studies have not 
found an increased risk for teratogenicity. Some studies have 
found increased rates of IUGR, PTB, and impaired neonatal 
immunity with AZA use in pregnancy. However, it is difficult 
to determine whether these outcomes are related to AZA use or 
the underlying disease.49 AZA, often in combination with glu
cocorticoids, is thus the preferred treatment for severe or 
active SLE in pregnancy. Most experts consider AZA to be 
compatible with breastfeeding, although long-term follow- 
up o f exposed infants is limited. Avoiding feeding for 4 to
6 hours after a dose will markedly decrease the amount of drug 
in breastmilk.

CYCLOSPORINE A
Cyclosporine A (FDA category C) is a calcineurin inhibitor 
sometimes used in the treatment of LN or severe arthritis. The 
drug is an immunosuppressive that inhibits the production and 
release of interleukin 2 (IL-2). Animal studies have demon
strated very low transplacental transfer of cyclosporine. Human 
studies are conflicting, but probably very little drug enters the 
fetal circulation. Data obtained primarily from organ trans
plant patients indicate a very low risk o f teratogenicity, but 
the risk for PTB and SGA infants may be increased. 0 The 
drug may also cause a rise in maternal creatinine. Women on 
cyclosporine are generally discouraged from breastfeeding, 
although data are limited regarding adverse outcomes.

Drugs w ith  Uncertain or Higher Risk Profiles 
in Pregnancy
CYCLOPHOSPHAMIDE
Cyclophosphamide (FDA category D) is an alkylating agent 
used in the treatment of LN and vasculitis. This drug is tera
togenic and should not be used at all in the first trimester. 
Use of cyclophosphamide may be considered in the second and 
third trimesters in the rare patient with very severe and progres
sive disease manifestations. Cyclophosphamide is not compat
ible with breastfeeding.

Drugs Contraindicated in Pregnancy 
MYCOPHENOLATE MOFETIL
Mycophenolate mofetil (FDA category D) is an inhibitor of 
purine biosynthesis and is used in the treatment of LN. MMF 
is absolutely contraindicated in pregnancy due its abortifa- 
cient and teratogenic properties. MMF is associated with an 
increased risk for cleft lip and palate, micrognathia, microtia, 
and abnormalities of the ear canals. Women should avoid preg
nancy until they have been off M MF for at least 6 weeks. No 
data are available regarding MMF use and breastfeeding, and 
it is considered contraindicated.

ANTIPHOSPHOLIPID SYNDROME
Antiphospholipid syndrome (APS) is an autoimmune condi
tion associated with venous and arterial thrombosis, and 
adverse pregnancy outcomes that include recurrent early 
miscarriage (REM), fetal death, early preeclampsia, and

placental insufficiency. Diagnosis o f APS is confirmed by 
persistendy positive aPLs, a heterogeneous group of autoanti
bodies directed against either negatively charged phospholipids 
or glycoproteins bound to these phospholipids. The diagnosis 
o f APS is confirmed by the detection o f one or more o f three 
aPLs: lupus anticoagulant (LAC), anticardiolipin antibodies 
(aCL), and anti-|32-glycoprotein I (afJ2-GP-I) antibodies. 
The classification criteria for APS were most recently revised in 
2006 (Box 4 6 -1).50

BOX 46-1 REVISED CLASSIFICATION CRITERIA FOR 
THE ANTIPHOSPHOLIPID ANTIBODY SYNDROME*

Clinical Criteria
Vascular Thrombosis1
1. One or more clinical episodes of arterial, venous, or 

small-vessel thrombosis in any tissue or organ and
2. Thrombosis confirmed by objective, validated criteria 

(i.e., unequivocal findings of appropriate imaging 
studies or histopathology) and

3. For histopathologic confirmation, thrombosis should be 
present w ithout significant evidence of inflammation in 
the vessel wall

PREGNANCY MORBIDITY
1. One or more unexplained deaths of a morphologically 

normal fetus at or beyond the 10th week of gestation, 
w ith normal fetal morphology documented by 
ultrasound or by direct examination of the fetus or

2. One or more premature births of a morphologically 
normal neonate at or before the 34th week of gestation 
because of eclampsia or severe preeclampsia or 
placental insufficiency* or

3. Three or more unexplained consecutive spontaneous 
abortions before the 10th week of gestation with 
maternal anatomic or hormonal abnormalities and 
paternal and maternal chromosomal causes excluded

Laboratory Criteria
1. Lupus anticoagulant present in plasma on two or more 

occasions at least 12 weeks apart, detected according 
to the guidelines of the International Society on 
Thrombosis and Hemostasis

2. Anticardiolipin antibody of IgG and/or IgM isotype in 
blood present in medium or high tite r (i.e., >40 GPL or 
MPL or >99th percentile) on at least two occasions at 
least 12 weeks apart, measured by standardized ELISA

3. Anti-(32-glycoprotein I antibody of IgG and/or IgM 
isotype in serum or plasma (in tite r >99th percentile) 
present in medium or high titer on at least two 
occasions at least 12 weeks apart, measured by 
standardized ELISA

Modified from  Miyakis S, Lockshin MD, Atsumi T, et al. International 
consensus statement on an update of the classification criteria for defi
nite antiphospholip id syndrome (APS). J Thromb Haemost. 2006;4: 
295-306.
*M ust meet at least one clinical and one laboratory criterion for diagnosis 
o f "de fin ite " APS.
’ Superficial venous throm bosis is not included in the clinical criteria. 
'Features of placental insufficiency may include: (1) abnormal or nonreas
suring fetal surveillance, such as a nonreactive nonstress test; (2) abnor
mal Doppler flow  in the umbilical artery (e.g. absent end-diastolic flow); 
(3) oligohydram nios; or (4) infant birthweight below the 10th percentile 
fo r gestational age.
ELISA, enzyme-linked im m unosorbent assay; GPL, IgG phospholipid 
units; Ig, im m unoglobulin; MPL, IgM phospholipid units.
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988 Section VI Pregnancy and Coexisting Disease

Clinical Presentation
APS may occur as a primary condition or in association with 
another autoimmune disease, most commonly SLE. Prevalence 
and incidence are uncertain, although definite APS in the 
absence of other autoimmune conditions is probably no more 
common than SLE. If low-titer positive tests for one or more of 
the three aPLs (usually aCL or a(32-GP-I) are included, aPLs are 
found in a small percentage (<5%) of healthy women51 and in 
up to 40% of patients with SLE.52 In the absence o f a history 
of thrombosis or pregnancy morbidity, the risks associated 
with an incidentally identified positive test for aPL among 
otherwise healthy women are not well understood, and these 
women should not be diagnosed with APS.

The most common thrombotic presentation o f APS is deep 
venous thrombosis (DVT) o f the lower extremity, which rep
resents about two thirds o f thrombotic APS cases.53 The most 
common arterial presentation is stroke; positive aPL results are 
found in up to 20% of ischemic stroke patients younger than 
50 years of age.54 Small vessel thrombosis may present as 
nephropathy. Compared with heritable thrombophilias, APS is 
more likely to manifest with thromboses in diverse or unusual 
locations such as the intracranial (stroke), hepatic, and intraab
dominal venous or arterial circulations.

APS should be considered in the differential diagnosis o f 
venous or arterial thrombosis and also with any o f the fol
lowing adverse pregnancy outcomes:
• Three or more otherwise unexplained recurrent early miscar

riages, defined as preembryonic or embryonic losses at less 
than 10 weeks’ gestation

• One or more otherwise unexplained fetal deaths (>10 weeks’ 
gestation)

• A history of PTB occurring at less than 34 weeks’ gestation 
secondary to severe preeclampsia or placental insufficiency

Recurrent Early M iscarriage
Although studies have found that up to 15% of women with 
REM have positive aPL results,55 the data are flawed by poor 
standardization of aPL assays, inclusion of women with other 
causes of REM, inconsistent selection of controls, variability 
in the type of aPLs or isotypes tested, and variable definitions 
of aPL positivity and REM.56 As a result, women with REM 
should only be diagnosed with APS if they meet accepted inter
national criteria.5 This topic is discussed in greater detail in 
Chapter 27.

Stillbirth
In a recent analysis from the Stillbirth Collaborative Research 
Network’s multicenter, population-based case-control study of 
stillbirths and live births, 9.6% o f fetal death cases at 20 or 
more weeks’ gestation were associated with a positive test for 
aPLs (aCL or a(32-GP-I antibodies) compared with 6% o f live 
birth cases— a statistically significant difference.58 Among 
otherwise unexplained cases, immunoglobulin G (IgG) aCL and 
IgM aCL antibodies were associated with fivefold and twofold 
increased odds of fetal death, respectively. Positive IgG a(32-GP-I 
antibodies were associated with a threefold increased odds of 
fetal death. The authors concluded that 14%  o f otherwise 
unexplained fetal deaths were attributable to APS. In the 
recently published prospective Nimes Obstetricians and Hema
tologists Antiphospholipid Syndrome (NOH-APS) study,59 
women with well-characterized APS who had either REM or a 
prior fetal death suffered an 8.3% and 15-9% rate of fetal loss,

respectively, in their next observed pregnancy in spite of treat
ment with enoxaparin and low-dose aspirin.

Placental Insufficiency
The association between aPL and PTB before 34 weeks due 
to severe preeclampsia or placental insufficiency (manifested as 
IUGR) is somewhat uncertain because studies are flawed by poor 
standardization of laboratory tests, concerns related to cases and 
controls selection, and the variable definitions of preeclampsia 
and placental insufficiency. These issues notwithstanding, several 
studies suggest that a median o f 7.9%  o f women with severe 
preeclampsia have positive tests for aPL, compared with 0.5% 
for controls.60,61 In the NOH-APS study, 10% of women with 
well-characterized APS developed severe preeclampsia in spite 
of enoxaparin and low-dose aspirin treatment.59 So although 
PTB before 34 weeks’ gestation due to severe preeclampsia or 
placental insufficiency is included in the clinical criteria for APS, 
experts agree that further study is warranted.5

The most serious but rare thrombotic presentation o f APS 
is catastrophic APS (CAPS). This condition is characterized by 
rapid-onset, often small vessel thrombosis, multiorgan dysfunc
tion, a systemic inflammatory response, involvement of unusual 
organ systems (e.g., renal or hepatic), and a high mortality rate.

Although not included in the international diagnostic criteria, 
aPLs are associated with other clinical features that include 
immune thrombocytopenia, hemolytic anemia, cardiac valvular 
disease, chronic skin ulcers, myelopathy, chorea, migraine, epi
lepsy, and cognitive impairment, particularly among patients 
with SLE.

Diagnosis
Definite Antiphospholipid Syndrome
As defined by the international criteria, at least one clinical 
criterion and positive aPL are required for the diagnosis of 
definite APS (see Box 46-1).50 Clinicians should recognize that 
the clinical criteria are relatively common and nonspecific for 
APS, such that the final diagnosis of APS ultimately rests on 
positive aPL. Specifically, the laboratory criteria require that a 
patient have medium to high titers of aCL IgG or IgM antibod
ies, a(i2-GP-I IgG or IgM antibodies, or LAC. Because other 
conditions can result in transiently positive aPL, persistently 
positive results on two or more occasions at least 12 weeks apart 
are needed. Laboratories are required to delineate medium or 
high titer results for aCL and greater than 99% results for a(32- 
GP-I antibodies. The development of standard calibrators and 
international “units” for the aCL assay has established greater 
than 40 IgG units (“GPL”) or IgM units (“M PL”) as being a 
medium or high titer. The status of IgA isotypes is a matter of 
ongoing investigation, but currently IgA aCL or a|32-GP-I anti
bodies are not recognized as diagnostic of APS.

It should also be emphasized that LAC is a better predictor 
o f pregnancy morbidity or thrombosis than aCL or a|}2-GP-I 
antibodies.'"65 False-positive LAC results may occur in the 
setting of anticoagulant drugs. Higher titers and the IgG isotype 
of aCL and a(32-GP-I antibodies are more specific for APS- 
related clinical manifestations. Finally, some experts hold that 
triple aPL positivity (LAC, aCL, and a(J2-GP-I) is of greater 
clinical significance than double or single aPL positivity.

Catastrophic Antiphospholipid Syndrome
Catastrophic antiphospholipid syndrome (CAPS) can occur 
in pregnancy and should be considered in the differential
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Chapter 46 Collagen Vascular Diseases in Pregnancy 989

diagnosis that includes hemolytic uremic syndrome (HUS) 
and thrombotic thrombocytopenic purpura (TTP). Accord
ing to international criteria, the diagnosis o f CAPS is based 
on thromboses in three or more organs in less than a week, 
microthrombosis in at least one organ, and persistent aPL 
positivity.64 In practice, features of microthrombosis vary from 
biopsy-proven thrombosis in small vessels to clinical ischemia 
resulting from occlusion of arterioles and capillaries. Given the 
often vague features of microthromboses and the substantial 
mortality rate associated with CAPS, a high index of suspicion 
is warranted in patients who present with fewer than three organ 
systems involved.

Possible or Probable Antiphospholipid Syndrome 
and Equivocal Cases
In certain scenarios, it may not be prudent to wait 12 weeks to 
confirm initially positive aPL results before considering treat
ment. For example, after weighing the risks and potential ben
efits, thromboprophylaxis might be considered in a woman with 
a history of fetal death who is newly pregnant and initially tests 
positive for aPL. In the case of CAPS, the high mortality rate 
should prompt consideration of aggressive treatment without 
waiting for confirmation of persistently positive aPL.

At the other end of the clinical spectrum are patients who 
meet the clinical criteria for APS but have “equivocal” aPL 
results. One frequent scenario is the woman with REM and 
persistently low-positive aCL or a(32-GP-I antibody results (i.e., 
aCL result of 20 to 39 GPL or MPL units). In such cases, clini
cians are often faced with the difficult decision as to whether 
low-dose heparin “treatment” in the next pregnancy is reason
able, in spite of the lack of evidence of efficacy in such cases.

Management of Antiphospholipid 
Syndrome in Pregnancy 
Treatment during Pregnancy
Management o f APS during pregnancy is aimed at mini
mizing or eliminating the risks o f thrombosis, miscarriage, 
fetal death, preeclampsia, placental insufficiency, and iatro
genic preterm birth. W ith currently recommended manage
ment strategies, the likelihood o f a successful pregnancy 
(delivery of a viable infant) in a woman diagnosed with APS 
exceeds 70%.

The combination o f a heparin agent and low-dose aspirin 
is the current recommended treatment for APS in preg
nancy because it serves to provide thromboprophylaxis and 
may improve pregnancy outcomes. Ideally aspirin is started 
preconceptionally because of its possible beneficial effects on 
implantation. Because some patients with APS have immune 
thrombocytopenia, the platelet count should be assessed prior 
to starting treatment. Heparin is usually begun in the early 
first trimester after demonstrating either an appropriately 
rising serum human chorionic gonadotropin (hCG) or the 
presence o f a live embryo on ultrasonography. Most APS 
patients with a history of thrombosis are maintained on long
term anticoagulation, frequently warfarin. To minimize the risk 
of warfarin embryopathy, these patients should be transitioned 
from warfarin to a heparin agent either prior to or very early 
in pregnancy.

Women with APS diagnosed on the basis of obstetric criteria 
who do not have a history of thrombosis may be classified into 
one of two groups: (1) those with REM or (2) those with one 
or more previous fetal deaths (>10 weeks gestation) or previous

early delivery (<34 weeks’ gestation) because of severe pre
eclampsia or placental insufficiency. Most experts recommend 
prophylactic-dose heparin and low-dose aspirin for these 
patients.

Heparin treatment to improve obstetric outcomes in 
women with APS is not without controversy. Four heparin 
treatment trials have been conducted in women diagnosed with 
APS predominantly based on REM.65'68 In two of these, the 
proportion of successful pregnancies substantially improved 
with the addition of unfractionated heparin (UFH) to low-dose 
aspirin.65,66 The other two trials used low-molecular-weight 
heparin (LMWH) and did not find a significant benefit when 
combined with low-dose aspirin,67,68 primarily because the live 
birth rates in the patients treated with aspirin only were quite 
good (70% to 75%). Two studies have compared UFH with 
LM W H, each paired with low-dose aspirin, in women with 
predominant REM and found no differences in outcomes.6"1'70 
Furthermore, several studies have reported successful pregnancy 
outcomes in excess of 70% among women with predominant 
REM who were treated with low-dose aspirin alone. 1 “ A 
Cochrane systematic review concluded that although the 
quality o f available studies was not high, “combined UFH 
and aspirin may reduce pregnancy loss by 54% ” in women 
with APS based on REM.73 The American College of Chest 
Physicians recommends antepartum administration of prophy
lactic or intermediate-dose UFH or prophylactic LM W H in 
women who fulfill the laboratory criteria for APS and meet the 
clinical criteria for REM.74 In contrast, a recent ACOG practice 
bulletin states that for women with APS without a preceding 
thrombotic event, either clinical surveillance or prophylactic 
heparin may be used in the antepartum period but that 
“prophylactic doses o f heparin and low-dose aspirin during 
pregnancy...should be considered.”

Treatment to prevent adverse pregnancy outcomes in women 
with APS and fetal death (>10 weeks’ gestation) or previous early 
delivery (<34 weeks’ gestation) due to severe preeclampsia or 
placental insufficiency has not been established by well-designed 
trials. So although heparin treatment is frequently initiated in 
such patients, professional guidelines have avoided making 
unequivocal recommendations for its use in the prevention of 
these later adverse pregnancy outcomes.'4'7'

Box 46-2 summarizes the recommended treatment regimens 
for APS in pregnancy. Three important clinical points are 
relevant with regard to treatment aimed at preventing adverse 
outcomes in pregnant women with APS. First, women with 
APS and prior thrombosis represent a high-risk population 
that should be treated with appropriate anticoagulant agents 
during pregnancy and the postpartum period. * Second, 
even in the absence o f a prior thrombosis, women with 
repeatedly positive tests for LAC or medium to high titers 
o f aCL or a|32-GP-I antibodies are at increased risk for 
pregnancy-associated thrombosis, which favors at least 
prophylactic UFH or LMWH during pregnancy and the 
postpartum period. Finally, even in the absence o f prior 
thrombosis, most women with a history o f REM, fetal death, 
or early PTB due to severe preeclampsia or placental insuf
ficiency will opt for “treatment” i f  it is felt to be relatively 
safe. Considering that prophylactic UFH or LM W H regimens 
are rarely associated with serious adverse effects such as clinically 
significant osteopenia, significant bleeding, or heparin-induced 
thrombocytopenia, most clinicians are agreeable to treatment in 
these patients.
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BOX 46-2 RECOMMENDED TREATMENT REGIMENS FOR 
ANTIPHOSPHOLIPID SYNDROME DURING PREGNANCY

Recurrent Preembryonic and Embryonic Loss, 
No History of Thrombotic Events
Lose-dose aspirin alone or together with:
• UFH 5000 to 7500 U/12 hr or
• LMWH (usual prophylactic doses)

Prior Fetal Death or Preterm Delivery Because of 
Severe Preeclampsia or Severe Placental Insufficiency, 
IMo History of Thrombotic Events
Low-dose aspirin plus:
• UFH 7500 to 10,000 U every 12 hours in the first 

trim ester and 10,000 U every 12 hours in the second and 
third trimesters or

• UFH administered every 8 to 12 hours at a dose to 
maintain the midinterval aPTT* at 1.5 times the control 
mean or

• LMWH (usual prophylactic doses)

Anticoagulation Regimens for Women w ith  a History 
of Throm botic Events
Low-dose aspirin plus:
• UFH administered every 8 to 12 hours to maintain the 

midinterval aPTT* or anti-Xa activity in the therapeutic 
range or

• LMWH (preferred)
• Weight-adjusted therapeutic doses (e.g., enoxaparin

1 mg/kg/12 hr or dalteparin 200 U/kg/12 hr)

'W omen w ithout a lupus anticoagulant in whom  the activated partial 
throm boplastin tim e (aPTT) is normal can be monitored w ith the aPTT. 
Women w ith  lupus anticoagulant should be monitored w ith anti-factor 
Xa activity.
LMWH, low  molecular w eight heparin; UFH, unfractionated heparin.

Postpartum thromboprophylaxis with UFH, LMWH, or 
warfarin (international normalized ratio [INR] 2 to 3) should 
be strongly considered in all women with APS and is abso
lutely indicated in women with prior thrombosis, most of 
whom will restart their long-term anticoagulation regimen. 1 In 
patients with no previous thrombosis, treatment is usually con
tinued for 6 weeks following delivery. Both heparin and war
farin are safe for breastfeeding mothers. In patients with 
obstetric APS and without prior thrombosis, recent data suggest 
that long-term low-dose aspirin may decrease the risk of an 
initial thrombosis event. 6

In the past, case series and small trials indicated that gluco
corticoid treatment of APS in pregnancy results in outcomes 
comparable to those achieved with heparin.77 8 However, glu
cocorticoids are associated with adverse effects that include 
gestational diabetes, weight gain, and premature rupture of 
membranes. Randomized trials have not demonstrated a benefit 
from the use of IVIG, when either added to heparin or used 
alone.56,79,80

Refractory Obstetric Antiphospholipid Syndrome
Experienced clinicians are likely to encounter patients with 
recurrent fetal death or extreme PTB due to severe preeclampsia 
or placental insufficiency despite treatment with low-dose aspirin 
and heparin. Such “refractory obstetric APS” cases are extremely 
challenging because little evidence is available to guide treat
ment. These women should be counseled regarding the potential

for grave maternal risks and the need for extremely premature 
delivery in subsequent pregnancies. One group reported a 60% 
rate of successful pregnancies in 18 women with refractory 
obstetric APS when prednisolone was added to standard low- 
dose aspirin and heparin treatment in the first trimester.81 
Because inflammation appears to be a key component of 
aPL-related adverse pregnancy outcomes, modulators of 
excessive inflammation may be beneficial. The authors are 
familiar with a handful of anecdotal reports of successful preg
nancies using such agents as IVIG, HCQ, and etanercept (a 
tumor necrosis factor [TNF] inhibitor) in addition to low-dose 
aspirin and a heparin agent. Statin agents are being investigated 
for the prevention of recurrent preeclampsia, and therapy trials 
are currently underway (e.g., N CT01717586). Fluvastatin treat
ment reduces proinflammatory and prothrombotic biomarkers 
in persistently positive aPL patients.82 Complement inhibitors 
such as eculizumab or pexelizumab may hold promise, but data 
are extremely limited, potential adverse effects exist, and such 
agents are costly.

Catastrophic Antiphospholipid Syndrome
The management of suspected or proven CAPS requires a mul
tidisciplinary approach with hematologic and rheumatologic 
expertise. The optimal management of CAPS is not well defined. 
However, because the mortality rate is so high, aggressive empiric 
treatments are typically pursued that include anticoagulation 
with IV heparin, high-dose steroids, and plasma exchange. A full 
discussion of the management of CAPS is beyond the scope of 
this chapter.

Pregnancy Complications and Surveillance
In addition to the risk of fetal loss, women with definite APS 
are at significantly increased risk of developing preeclampsia and 
placental insufficiency. Case series of highly selected patients, 
many of whom had prior thrombosis or SLE, indicate that 
hypertensive disorders or placental insufficiency complicate 
20% of pregnancies with APS and lead to a high rate of iatro
genic PTB. In the prospective, observational PROMISSE 
study, 144 women with aPL, APS, or SLE and confirmed, 
repeatedly positive aPL were identified.62 Despite contemporary 
management, usually with UFH or LM W H and low-dose 
aspirin, 19.4% of these women suffered an adverse obstetric 
outcome; among these, 8% suffered a fetal death after 12 weeks, 
and 8% required delivery prior to 34 weeks because of hyper
tensive disorders. Risks of adverse obstetric outcome were par
ticularly elevated among women with repeatedly positive LAC, 
a history of SLE, or prior thrombosis. The NOH-APS study 
included 500 women with obstetric APS and excluded women 
with a history of thrombosis.59 All were treated with low-dose 
aspirin and prophylactic LM W H. Overall, including miscar
riages at less than 10 weeks’ gestation, the live birth rate was just 
under 70%, similar to controls, but PTBs were observed in 
nearly 25% of APS cases (12% at less than 34 weeks’ gestation). 
PTBs were largely the result of severe preeclampsia with or 
without IUGR. Among women with ongoing pregnancies at 20 
weeks, 25% went on to suffer preeclampsia, IUGR, abruption, 
or a combination of these, compared with a rate of 17.5% in 
the controls.

The risk o f APS-related pregnancy complications is 
dependent on the population in which the diagnosis of 
APS is made. Women who meet criteria for APS because 
o f REM but who are otherwise healthy are not at high
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risk o f thrombosis, fetal death, preeclampsia, or placental
insufficiency.65'67 In the NOH-APS study, severe preeclampsia 
occurred in less than 3% of women with a diagnosis of APS 
based on REM.59

Serial ultrasounds to assess fetal growth and amniotic fluid 
volume are recommended in pregnancies complicated by APS. 
In pregnancies without evidence of maternal hypertension or 
fetal compromise, surveillance with nonstress tests or biophysi
cal profiles should begin at 32 weeks. In the setting of suspected 
IUGR, hypertension, or thrombocytopenia, earlier institution 
of fetal surveillance is warranted.

RHEUMATOID ARTHRITIS
Rheumatoid arthritis (RA) is an autoimmune disease char
acterized by chronic, symmetric inflammatory arthritis o f 
the synovial joints. RA affects 1%  to 2% o f U.S. adults, and 
as with SLE, RA is more common among females than males.
Although the incidence of RA increases with age, it is still 
occasionally encountered among reproductive-aged women. A 
genetic susceptibility to RA is evidenced by the higher disease 
concordance among monozygotic twins compared with dizy
gotic twins (15% vs. 3.6% ).83 Also, relatives of individuals with 
RA are at increased risk for RA as well as for other connective 
tissue diseases. Several variant alleles of the HLA-DRB1 gene 
appear to play primary roles in disease susceptibility.84

Clinical Manifestations
The onset o f RA is often insidious, with the gradual develop
ment o f symmetric peripheral polyarthritis and morning 
stiffness. Involvement o f the metacarpophalangeal and proxi
mal interphalangeal joints is characteristic, and significant 
deformity o f these joints may become apparent as the disease 
progresses. Systemic symptoms occur commonly and include 
fatigue, weakness, weight loss, and malaise. Rheumatoid nodules 
develop in 20% to 30% of patients. These local proliferations 
of small vessels, fibroblasts, and histiocytes within the subcuta
neous tissue occur most commonly on pressure points such as 
the extensor surfaces of the forearms; they may be painful and 
may interfere with joint and nerve function. Treatment involves 
local injections of glucocorticoids and an anesthetic and, in rare 
cases, surgical excision. A minority of patients with RA develop 
extraarticular manifestations that include pleuritis, pericarditis, 
neuropathy, vasculitis, scieritis, and renal disease.

Diagnosis
In 2010, the ACR, in collaboration with the European League 
Against Rheumatism, released revised classification criteria for 
RA (Table 46-4).85 These new diagnostic criteria represent a shift 
in focus to the early features of RA that are most predictive of 
later erosive disease. “Definite” RA is based on confirmed 
synovitis in at least one joint, absence o f another cause for 
the synovitis, and a score o f at least 6 out o f 10 on a standard
ized assessment in four clinical domains: (1) degree o f joint 
involvement; (2) serologic testing; (3) response from acute 
phase reactants; and (4) duration o f symptoms.

Seventy to eighty percent o f patients with RA test positive 
for rheumatoid factor (RF) antibodies. RF immunoglobulins 
are produced from B cells stimulated by CD4+ T-cell cytokines. 
These CD4+ T  cells are activated by unknown antigens and play 
a key role in the inflammatory damage seen in RA. However, 
RF antibodies are somewhat nonspecific because 5% to 10%

TABLE 46-4 20 1 0 AMERICAN COLLEGE OF
RHEUMATOLOGY/EUROPEAN LEAGUE 
AGAINST RHEUMATISM CLASSIFICATION 

____________ CRITERIA FOR RHEUMATOID ARTHRITIS

TARGET PO PULATIO N SCORE

1. Patients with at least one joint with definite clinical synovitis (swelling)
2. Patients w ith synovitis not better explained by another disease

C LASSIFIC ATIO N  CRITERIA

(Score-based algorithm: Add score o f categories A through D; a score of 6 
out of 10 or greater is needed for classification of definite RA)

A. Joint involvement
1 large jo int 0
2 to 10 large joints 1
1 to 3 small joints (with or without involvement o f large 2

joints)
4 to 10 small joints (with or w ithout involvement o f large 3

joints)
More than 10 joints (at least one small joint) 5

B. Serology (at least one test result is needed for classification)
Negative RF a n d  negative ACPA 0
Low-positive RF or low-positive ACPA 2
High-positive RF or  high-positive ACPA 3

C. Acute-phase reactants (at least one test result is needed for 
classification)
Normal CRP a n d  normal ESR 0 0
Abnormal CRP o r  normal ESR 1 1

D. Duration o f symptoms
Less than 6 weeks 0
At least 6 weeks 1

Modified from Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis 
classification criteria: an American College of Rheumatology/European League Against 
Rheumatism collaborative initiative. Arthritis Rheum. 2010;62:2569-2581.
ACPA, anticitrullinated protein antibody; CRP C-reactive protein; ESR, erythrocyte 
sedimentation rate; RA, rheumatoid arthritis; RF, rheumatoid factor.

of the general, healthy population will test positive for RF.
Furthermore, RF may be detected in the setting of certain viral 
infections and in other autoimmune conditions such as SLE and 
Sjogren syndrome. Antibodies to citrullinated peptides/proteins 
(ACPAs) have better specificity for RA and sensitivity similar to 
that of RF. The laboratory evaluation for RA also includes testing 
of acute phase reactants such as C-reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR). Elevations in CRP and 
ESR suggest an aberrant inflammatory response. Patients with 
RA frequently also have anemia, thrombocytosis, leukocytosis, 
and a positive antinuclear antibody (ANA).

Pregnancy Considerations
The majority o f women, perhaps as many as 80%  to 90%, 
experience some improvement in their RA symptoms during 
pregnancy, although only approximately 50% have more 
than moderate improvement. Improvements in joint pain and 
stiffness generally begin in the first trimester and persist through 
several weeks postpartum. Women who experience symptom 
improvement in one pregnancy will usually observe similar 
improvements in subsequent pregnancies. Most women who 
experience an improvement in symptoms during pregnancy 
will relapse postpartum, typically in the first 3 months. It 
does not appear that pregnancy has any significant effects on 
the long-term course o f RA.

RA patients have been shown to have functionally defective 
regulatory T cells (Tregs). critical inhibitors of autoimmunity 
that suppress CD4+ and CD8+ T-cell cytokine production and 
B-cell immunoglobulin production. The generally favorable
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course of RA in pregnancy may be related to the normal increase 
in circulating T REGS that occurs during pregnancy. Hormonal 
changes may also modulate RA disease activity. M any women 
experience improvement in RA symptoms during the luteal 
phase of the menstrual cycle, when progesterone levels are 
highest.

Not only do RA symptoms usually improve during preg
nancy, but RA disease activity does not appear to signifi- 
candy impact pregnancy outcomes. Women with RA typically 
have uneventful pregnancies without increased risks for PTB, 
preeclampsia, or IUGR. Certain antirheumatic medications, 
however, are associated with increased pregnancy risks. Disease 
activity and medication use should ideally be assessed during 
a preconceptional visit.

Antirheumatic Drugs
Drugs W ith Acceptable Risk Profiles in Pregnancy
The use of NSAIDs, glucocorticoids, and H CQ  in pregnancy 
were discussed in the section on SLE.

SULFASALAZINE
Sulfasalazine (FDA category B) is a combination of a sulfa anti
biotic and salicylate. Most of the data regarding safety in preg
nancy come from women with inflammatory bowel disease. 
Although sulfasalazine and its metabolite sulfapyridine cross the 
placenta, large studies have not found an increase in congenital 
malformations with use in pregnancy.86 Because sulfasalazine 
acts as a dihydrofolate reductase inhibitor, it is recommended 
that women considering pregnancy take at least 0.4 mg of folic 
acid daily. Sulfasalazine is compatible with breastfeeding.

Drugs w ith Uncertain or Higher Risk Profiles 
in Pregnancy
TUMOR NECROSIS FACTOR-a INHIBITORS
Several TNF inhibitors (all FDA category B) are used for the 
long-term control of RA. These include infliximab, etaner- 
cept, adalimumab, certolizumab, and golimumab. Inhibition of 
T N F -a increases circulating T RFG cells and restores their capac
ity to inhibit cytokine production. All of the TNF inhibitors 
except certolizumab are transferred across the placenta. Animal 
studies of infliximab, adalimumab, and certolizumab have not 
demonstrated an increase in congenital anomalies. An associa
tion between TNF inhibitors and fetal vertebral anomalies, 
anal atresia, cardiac defects, tracheoesophageal fistula, esopha
geal atresia, renal anomalies, and limb dysplasia (VACTERL) 
syndrome has been reported,87 but a subsequent study from a 
European congenital malformation database did not confirm 
these findings.88 Indeed, published experience with hundreds 
of pregnancies exposed to TNF inhibitors suggests that these 
agents are not teratogenic and are not associated with adverse 
pregnancy outcomes. Proceedings of the ACR Reproductive 
Health Summit stated that although human data are some
what limited, “TNF inhibitors are considered to be compat
ible with pregnancy.” Some providers recommend avoiding 
TNF inhibitors in the third trimester in order to lim it early 
postnatal exposure, but this should be weighed against the risk of 
an increase in disease activity without treatment. Small amounts 
of etanercept, infliximab, and adalimumab have been reported 
in breast milk, although it is uncertain whether this poses a risk 
to the neonate. The choice to breastfeed while taking TNF 
inhibitors should be made after a thorough discussion of 
potential risks and benefits.

BIOLOGIC AGENTS
This continually expanding class of agents includes anakinra 
(interleukin-1 receptor antagonist, FDA category B), rituximab 
(chimeric monoclonal antibody leading to B-cell depletion, 
FDA category C), abatacept (inhibitor of T-cell co-stimulation, 
FDA category C), and tocilizumab (interleukin-6 receptor 
inhibitor, FDA category C). These drugs may be used to treat 
autoimmune disease not sufficiently controlled with tradi
tional therapies, but data regarding the use o f these medica
tions in pregnancy are extremely limited. Case reports in 
humans generally suggest little fetal risk.89'91 According to the 
manufacturer, when given to monkeys during organogenesis, 
tocilizumab caused abortion (embryo or fetal death) at doses just 
above those used in humans. Rituximab treatment later in preg
nancy can cause B-cell lymphocytopenia in the neonate that 
persists for several months.92 Given the overall relatively limited 
experience with these medications in pregnancy, it is prudent 
to avoid their use unless the woman is refractory to other 
therapies and the severity o f disease warrants continuation. 
Likewise, the safety of breastfeeding while taking these medica
tions is unknown. Patients who choose to breastfeed should 
do so only after a thorough discussion o f potential risks and 
benefits.

Drugs Contraindicated in Pregnancy 
METHOTREXATE
Methotrexate (M l X, FDA category X) is a folate antagonist 
used for long-term, maintenance immunosuppression in patients 
with autoimmune conditions, including SLE and RA. MTX is 
an abortifacient in early pregnancy and a potent teratogen 
associated with craniofacial anomalies, neural tube defects, 
abnormal facies, and neurodevelopmental delay. The greatest 
risks are with exposure prior to 10 weeks, with one study report
ing a 9% rate of congenital anomalies and a 25% risk of miscar
riage.'0 The drug is widely distributed in maternal tissues and 
m ay persist for up to 4 months in the liver. All reproductive- 
aged women taking MTX should be warned o f its teratogenic 
risks and advised to remain on effective contraception. For 
those considering pregnancy, conception should be delayed for 
at least three menstrual cycles after discontinuation of MTX. 
MTX is found in low levels in breastmilk and is considered 
contraindicated in breastfeeding.

LEFLUNOMIDE
Some patients with RA are treated with leflunomide, an FDA 
category X disease-modifying antirheumatic drug (DMARD). 
Leflunomide is sometimes also used to treat lupus-related skin 
manifestations. The drug’s mechanism of action is inhibition of 
dihydroorotate dehydrogenase, an enzyme necessary for pyrimi
dine biosynthesis. Leflunomide is teratogenic in humans and 
is absolutely contraindicated in pregnancy. In a recent report,
2 of 16 exposed offspring had major anomalies and 3 had minor 
anomalies.93 The major metabolite (teriflunomide) is detectable 
in the serum of patients for up to 2 years after discontinuation 
of the drug. Patients on leflunomide should be counseled to 
avoid pregnancy until serum drug levels are less than 0.02 mg/L 
on two tests performed 2 weeks apart. This may take up to 2 
years. Drug elimination can be hastened by administering cho
lestyramine (8 g orally three times daily for 11 days) with 
follow-up of serum drug levels to assure elimination. No data 
are available regarding leflunomide and breastfeeding, and it 
is considered contraindicated.
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Management of Pregnancies Complicated 
by Rheumatoid Arthritis
Because the majority of women with RA have improvement in 
their disease during pregnancy, many can discontinue their anti
rheumatic drugs. Mild to moderate joint pain can usually be 
managed with acetaminophen or low-dose glucocorticoids. 
Physical therapy may be helpful in some cases. No alterations 
to routine prenatal care are necessary for women with mild, 
uncomplicated RA. Routine serial ultrasounds to assess fetal 
growth and antenatal testing are unnecessary. Because the risk 
of postpartum disease exacerbation is high, it is important 
to assess symptoms at postpartum visits and to arrange 
appropriate follow-up with rheumatology. Some experts rec
ommend reinitiating antirheumatic drug treatment after deliv
ery in all women with RA, regardless of disease activity.

SYSTEMIC SCLEROSIS
Systemic sclerosis (SSc), or systemic scleroderma, is a hetero
geneous autoimmune disorder characterized by small vessel 
vasculopathy, the presence o f characteristic autoantibodies, 
and fibroblast dysfunction that leads to increased extracel
lular matrix deposition and progressive fibrosis o f the skin 
and visceral tissues. The small vessel vasculopathy manifests 
most commonly as Raynaud phenomenon and in severe cases 
as renal crisis. SSc is rare and occurs in only 1 to 2 per 100,000 
individuals in the United States annually. Similar to other 
autoimmune disorders, it is more common in women than in 
men. But in contrast to SLE, SSc is infrequently encountered 
in pregnancy because the peak age o f onset is in the fifth 
decade.

Clinical Manifestations
Early symptoms of SSc include subcutaneous swelling with 
muscle and joint pain, and more than 90% of patients will 
experience Raynaud phenomenon. When combined with skin 
thickening, Raynaud phenomenon is specific for SSc; however, 
the phenomenon also occurs in 5% of the general population, 
and thus will frequently be seen by obstetricians.

Two main subsets of SSc have been recognized: diffuse cutane
ous SSc usually involves cutaneous fibrosis of the forearms and 
is associated with a greater risk for serious internal organ mani
festations such as renal crisis, pulmonary fibrosis, and myocar
dial fibrosis; lim ited cutaneous SSc involves fibrosis of the distal 
extremities and face and is associated with digital ulcerations. 
CREST syndrome— calcinosis of the skin, Raynaud phenome
non, esophageal dysmotility, sclerodactyly, and telangiectasias— 
falls under this latter category.

The most frequent visceral symptoms o f SSc are heartburn 
and dysphagia related to esophageal dysmotility. Involvement 
of the lower gastrointestinal tract can lead to malabsorption, 
diarrhea, and constipation. Cardiopulmonary manifestations 
(i.e., pulmonary hypertension, cardiac arrhythmias) are of par
ticular concern in pregnancy.

Renal involvement is usually mild, but 10% to 20% of 
patients with diffuse disease will develop renal crisis, which 
manifests as acute onset of severe hypertension, progressive renal 
insufficiency, and hemolytic anemia. Renal crisis results in pro
gression to end-stage renal disease in a significant proportion of 
affected individuals and is a major cause of mortality in SSc 
patients.

Diagnosis
The ACR and European League Against Rheumatism released 
classification criteria for SSc in 2013.94 These criteria were pri
marily designed to identify SSc patients for inclusion in studies. 
Because significant clinical heterogeneity exists among SSc 
patients, it should be noted that some individuals might not 
meet these strict diagnostic criteria. According to these criteria, 
the presence o f skin thickening o f the fingers extending 
proximal to the metacarpophalangeal joints is sufficient for 
the diagnosis o f SSc. The diagnosis is supported by visceral 
organ involvement and the presence of certain autoantibodies. 
Most patients with SSc have a positive ANA. Antitopoisom- 
erase I, anticentromere, and anti-RNA polymerase III antibodies 
are highly specific for SSc but have only moderate sensitivity.'^ 
Individuals with SSc may also be positive for aPL.

Pregnancy Considerations
Because pregnancy in women with SSc is uncommon, relatively 
few data are available regarding the impact of pregnancy on 
the disease and the risk of pregnancy complications. If SSc is 
clinically stable at the onset o f pregnancy and the woman is 
without obvious renal, cardiac, or pulmonary disease, mater
nal outcomes are generally good. Raynaud phenomenon may 
improve in pregnancy related to greater vasodilation, although 
gastrointestinal manifestations related to esophageal dysmotility 
may become more prominent. The risk for renal crisis during 
pregnancy is probably not increased for women without preex
isting kidney disease, but distinguishing this complication from 
preeclampsia may be challenging. In the case of renal crisis, the 
urine sediment is either normal or shows only mild proteinuria 
with few cells or casts. Hemolytic-uremic syndrome can also 
have a similar presentation to SSc renal crisis and should be part 
of the differential diagnosis, particularly in postpartum patients. 
Some authors have reported that women with SSc have an 
increased risk of spontaneous abortion both before and after 
their diagnosis.96'97 Other studies have not confirmed these find
ings,98 although women with late, diffuse SSc probably do have 
a higher rate of miscarriage.98

PTB is more common among women with SSc, particu
larly those with diffuse disease.98 The risks for preeclampsia 
and IUGR are threefold higher among women with SSc when 
compared with the general population, likely related to the 
vascular pathology of the disease and frequent renal involve
ment.99 One of the largest published series found that pregnan
cies in women with SSc, compared with the general obstetric 
population, were significantly more likely to complicated by 
PTB (25% vs. 12%) and IUGR (6% vs. 1%).100 Indeed, PTBs 
among women with SSc are usually indicated, rather than spon
taneous, due to hypertensive complications and IUGR.

Management of Pregnancies Complicated 
by Systemic Sclerosis
Preconceptional counseling is critical for women with SSc.
Those with diffuse, progressive disease and significant cardiac, 
pulmonary, or renal involvement are at particularly high risk for 
adverse maternal and fetal outcomes. Women should be evalu
ated for pulmonary hypertension, which is a contraindica
tion to pregnancy. Active renal disease increases the risk for 
crisis during pregnancy with the accompanying risks of end- 
stage renal disease and mortality.

Even among nonpregnant individuals, the treatment of SSc 
is challenging and noncurative. Treatment of diffuse disease is
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typically organ specific. Symptomatic relief of arthralgias and 
myalgias should be lim ited to acetaminophen or low-dose glu
cocorticoids if  possible. Ultraviolet light therapy, topical gluco
corticoids, and vitamin D analogues may lie used to treat 
cutaneous manifestations. M any women take proton pump 
inhibitors (FDA category C) for upper gastrointestinal symp
toms, and they can be continued in pregnancy because data do 
not suggest significant fetal risks. Raynaud phenomenon is often 
treated with oral vasodilators, in particular calcium channel 
blockers (CCBs). Although definitive proof of fetal safety is 
lacking, CCBs are FDA category C drugs and are probably safe 
to continue in pregnancy. Avoidance of cold, stress, nicotine, 
caffeine, and sympathomimetic decongestants may also improve 
Raynaud symptoms.

Renal crisis is specifically treated with angiotensin- 
converting enzyme (ACE) inhibitors. Although these agents 
are usually contraindicated in pregnancy because of risks of tera
togenicity and effects on fetal renal function, SSc renal crisis 
carries such a high risk o f morbidity and mortality that the 
use o f an ACE inhibitor in pregnancy may be justified in this 
specific circumstance. In patients with renal crisis, intensive 
care admission with continuous fetal monitoring may be indi
cated. M any patients will also require dialysis. Decisions regard
ing delivery should be guided by maternal stability and prognosis, 
gestational age, and results of fetal monitoring.

No evidence-based guidelines have been established for 
prenatal care in women with SSc. Clinicians should have a 
low threshold to investigate any new and unusual symptoms, 
especially as they might relate to visceral organ involvement. 
Particular attention should be paid to those women with 
diffuse disease, and an increase in the frequency o f prenatal 
visits to every 1 to 2 weeks is prudent. Women should be 
closely monitored for preeclampsia because SSc appears to 
increase this risk. Serial ultrasounds after 18 to 20 weeks to assess 
fetal growth and antenatal testing at 30 to 32 weeks are also 
reasonable.

Delivery among women with advanced skin disease may be 
complicated by poor wound healing. Some women will be at 
increased anesthetic risk because of problems with IV access, 
difficult intubation, and increased risk for aspiration. Among 
those with diffuse and severe disease, a multidisciplinary 
approach with rheumatology, anesthesiology, and even 
nephrology, cardiology, or pulmonology (depending on the 
specific organs involved) is recommended. Intensive care man
agement may even be necessary in some cases.

SJOGREN SYNDROME
Sjogren syndrome (SS) is a chronic autoimmune disorder 
characterized by decreased lacrimal and salivary gland func
tion, which leads to dry eyes and dry mouth. Extraglandular 
manifestations commonly include fatigue, arthralgias, myalgias, 
and Raynaud phenomenon. Less common extraglandular mani
festations include interstitial lung disease, dysphagia, liver func
tion abnormalities, nephritis, central and/or peripheral nervous 
system manifestations, and an increased risk for lymphoma in 
the long term. SS occurs in a primary form and in a secondary 
form associated with other autoimmune conditions, primarily 
SLE and RA. Pregnancy outcomes among women with SS are 
similar to those without the disease. However, women with 
SS may be positive for anti-Ro/SSA antibodies, with the 
accompanying risks for NLE and CHB.

KEY POINTS

♦ SLE is the most common serious autoimmune disease 
that affects women of reproductive age.

♦ SLE disease activity at the onset of pregnancy is the 
most important determinant of the course of the disease 
in pregnancy.

♦ Women with SLE should be counseled to postpone 
pregnancy until a sustained remission for at least 6 
months has been achieved.

♦ For women with lupus nephritis, moderate renal insuf
ficiency (serum creatinine 1.5 to 2 mg/dL) is a relative 
contraindication to pregnancy, and advanced renal 
insufficiency (creatinine >2 mg/dL) should be consid
ered an absolute contraindication to pregnancy.

♦ Ihe risk for NLE, and in particular CHB, in fetuses or 
neonates of women with SLE is low. The highest-risk 
group for CHB is seen in women with anti-Ro/SSA or 
anti-La/SSB antibodies and a prior affected child (15% 
to 20% recurrence).

♦ Women with SLE who become pregnant on hydroxy
chloroquine should generally continue this medication 
because it may decrease the risk of disease flares.

♦ The diagnosis of APS is incumbent upon either arterial 
or venous thrombosis or obstetric morbidity and repeat
edly positive testing for lupus anticoagulant and/or 
medium to high titers of anticardiolipin or anti-B2-gly- 
coprotein I IgG or IgM antibodies.

♦ All women with APS and prior thrombosis should 
receive full anticoagulation during pregnancy and 
postpartum.

♦ Pregnant women with an APS diagnosis based upon 
recurrent early miscarriage without prior thrombosis 
should receive either low-dose aspirin alone or com
bined with a prophylactic dose of heparin.

♦ Pregnant women with an APS diagnosis based upon 
fetal death, early preeclampsia, or placental insufficiency 
and without prior thrombosis should generally receive 
low-dose aspirin combined with prophylactic heparin.

♦ Most women with rheumatoid arthritis w ill experience 
an improvement in symptoms during pregnancy, but 
the risk for postpartum relapse is high.

♦ Women with systemic sclerosis generally have favorable 
pregnancy outcomes but should be carefully assessed 
for visceral organ (i.e., renal, cardiac, or pulmonary) 
involvement.
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Hepatic Disorders 
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KEY ABBREVIATIO NS

Acute fa tty  liver o f pregnancy AFLP
Acute in te rm itten t porphyria AlP
Com puted tom ography CT
Disseminated intravascular coagulation DIC
Endoscopic retrograde ERCP

cholangiopancreatography
Esophagogastroduodenoscopy EGD
y-Glutam yl transpeptidase GGTP
Gastroesophageal reflux disease GERD
Hepatobiliary im inodiacetic acid scan HIDA
Hepatocellular cancer HCC
Hyperemesis gravidarum HG
Intrahepatic cholestasis o f pregnancy ICP
Long-chain 3-hydroxyacyl coenzyme A LCHAD

dehydrogenase
M agnetic resonance MRCP

cholangiopancreatography
M agnetic resonance im aging MRI
Nausea and vom iting  o f pregnancy NVP
Right upper quadrant RUQ
Total parenteral nutrition TPN
Transjugular intrahepatic portosystem ic TIPS

shunt

Hepatic, biliary, and pancreatic disorders are relatively 
uncommon but are not rare during pregnancy. For example, 
during pregnancy about 3% o f women develop serum liver 
function test abnormalities,' and about 1 in 500 develop 
potentially life-threatening hepatic diseases that endanger 
fetal viability.2'3

Hepatic, biliary, and pancreatic disorders are often complex 
and clinically challenging problems during pregnancy. First, the 
differential diagnosis during pregnancy is extensive and includes 
both disorders related and unrelated to pregnancy. Second, the 
clinical presentation and natural history of these disorders may 
be altered during gestation. Indeed, some disorders— such as 
intrahepatic cholestasis of pregnancy—are unique to gestation. 
Third, the diagnostic evaluation may need to be slightly altered 
because of pregnancy. Nonetheless, almost all radiologic tests 
can be done judiciously to maintain fetal safety. Fourth, the 
interests o f both the mother and the fetus must be considered 
in therapeutic decisions. Usually these interests do not con
flict, because generally, what is good for the mother is good 
for the fetus. Sometimes, however, maternal therapy must be 
modified to substitute alternative but safer therapy because of 
concerns about drug teratogenicity.4 Rarely, maternal and fetal 
interests are diametrically opposed, as in the use of chemo
therapy for maternal cancer, a therapy that is potentially life- 
saving to the mother but dangerous to the fetus.5 These conflicts 
raise significant medical, legal, and ethical issues.
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Obstetricians, hepatologists, surgeons, and internists should 
be familiar with hepatic, biliary, and pancreatic disorders that 
can present in pregnancy and how these conditions affect and 
are affected by pregnancy. This chapter reviews these conditions 
with a focus on features unique to pregnancy.

PHYSIOLOGIC EFFECTS OF PREGNANCY 
AND ASSESSM ENT OF LIVER DISEASE
Abdominal assessment is modified during pregnancy. The 
expanding gravid uterus can displace abdominal viscera and may 
conceal an abdominal mass on physical examination.' During 
the first and second trimesters of pregnancy, blood pressure 
normally declines modestly. A rise in blood pressure during preg
nancy may, therefore, portend preeclampsia or eclampsia. Physi
ologic alterations of laboratory values during pregnancy include 
mild leukocytosis, physiologic anemia of pregnancy, and elec
trolyte changes, particularly mild hyponatremia6 (see Chapter 
3). The risk of thromboembolic phenomena is increased during 
pregnancy because of mild hypercoagulopathy from hyperestro- 
genemia and vascular stasis from vascular compression by the 
enlarged gravid uterus.7 The changes in serum glucose levels 
during pregnancy are complex. Normal pregnancy is character
ized by fasting hypoglycemia, postprandial hyperglycemia, and 
hyperinsulinemia.8 Meticulous control of the serum glucose level 
is important in diabetic patients for proper fetal development.

Pregnancy does not affect the liver span. The liver may be 
pushed cephalad by the gravid uterus, but a liver span greater 
than 12 cm, when appreciated, remains a valid indicator of 
hepatomegaly. Spider angiomata and palmar erythema, cuta
neous lesions often associated with chronic liver disease, may 
appear transiently during normal pregnancy without under
lying liver disease, presumably because o f hyperestrogenemia 
during pregnancy.9 During pregnancy, the serum alkaline phos
phatase level normally increases m ildly as a result of placental 
synthesis; the serum albumin level also declines, primarily from 
hemodilution and secondarily from decreased hepatic synthesis. 
Serum bilirubin levels tend to change little during pregnancy 
because of the effect of m ildly impaired hepatic excretion bal
anced by the opposing effects of hemodilution and hypoalbu- 
m inemia.10 Serum bile acids tend to m ildly increase during 
gestation because of impaired hepatic transport and biliary secre
tion. Serum levels of cholesterol, triglycerides, and phospholip
ids increase moderately during pregnancy as a result of increased 
hepatic synthesis.11 The serum aminotransferase levels are largely 
unaffected by pregnancy. Changes of serum levels of common 
blood tests during pregnancy are summarized in Box 47-1 (see 
Appendix I, “Normal Values in Pregnancy”).

DIFFERENTIAL DIAGNOSIS OF 
HEPATOBILIARY SYMPTOMS AND 
CONDITIONS DURING PREGNANCY 
Maternal Jaundice
As in the general population, acute viral hepatitis is the most 
common cause o f jaundice during pregnancy."3 The differ
ential diagnosis o f jaundice during the first and second tri
mesters o f pregnancy also includes drug hepatotoxicity and 
gallstone disease such as acute cholecystitis, choledocholi- 
thiasis, ascending cholangitis, or gallstone pancreatitis. In 
addition to these disorders, the differential of jaundice during 
the third trimester includes pregnancy-related causes such as

BOX 47-1 CHANGES IN ROUTINE LABORATORY TESTS 
AND LIVER FUNCTION TESTS DURING PREGNANCY

M ildly Decreased Serum Levels

• Sodium
• Albumin

Moderately Decreased Blood Level
• Hematocrit: physiologic anemia of pregnancy

M ild ly Increased Blood or Serum Levels

• Leukocyte count
• Alkaline phosphatase
• Amylase

Moderately Increased Serum Levels

• Serum bile acids
• Cholesterol
• Triglycerides

Other
• Glucose level: fasting hypoglycemia, postprandial 

hyperglycemia

intrahepatic cholestasis of pregnancy; acute fatty liver of preg
nancy (AFLP); and hemolysis, elevated liver enzymes, and low 
platelets (HELLP) syndrome. Moderate direct hyperbilirubine
mia without jaundice during the third trimester may also be due 
to preeclampsia, eclampsia, and Budd-Chiari syndrome. Pre
dominantly indirect hyperbilirubinemia during pregnancy is 
usually due to hemolysis (including the HELLP syndrome) or 
Gilbert syndrome.

Right Upper Quadrant Abdominal Pain
The differential diagnosis of right upper quadrant (RUQ) 
abdominal pain is extensive during pregnancy (Box 47-2). In 
addition to hepatic, biliary, gastrointestinal (GI), and renal dis
orders that can occur in nonpregnant patients, the differential 
includes diseases related to pregnancy. In the medical history, 
the pain intensity, nature, temporal pattern, radiation pattern, 
exacerbating factors, and alleviating factors help narrow the dif
ferential diagnosis. Biliary colic produces a waxing and waning 
intensity of pain. Acute cholecystitis is associated with RUQ 
pain and pain referred to the right shoulder. The pain of acute 
pancreatitis is often boring in quality, located in the abdominal 
midline, and radiating to the back. Careful physical examination 
of the abdomen that includes inspection, palpation, and auscul
tation can further pinpoint the cause of the pain. Laboratory 
evaluation o f significant abdominal pain routinely includes 
a complete blood count (CBC), serum electrolytes, and liver 
function tests (LFTs) as well as a leukocyte differential, coag
ulation profile, and serum lipase determination. In evaluating 
the laboratory results, gestational changes in normative values, 
as mentioned earlier, must be considered. Radiologic tests may 
be extremely helpful diagnostically, but the choice of radiologic 
imaging is constrained by the pregnancy, as discussed below. 
RUQ pain and abnormal LFTs in the setting o f new-onset 
hypertension should strongly suggest preeclampsia with 
hepatic involvement. RUQ pain and abnormal LFTs in the 
setting of thrombocytopenia and microangiopathic hemolysis, 
as demonstrated by the presence of schistocytes in a peripheral 
blood smear, should strongly suggest the HELLP syndrome.
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1000 Section VI Pregnancy and Coexisting Disease

BOX 47-2 DIFFERENTIAL DIAGNOSIS OF RIGHT UPPER 
QUADRANT ABDOMINAL PAIN DURING PREGNANCY

Hepatic Disorders
• Hepatitis
• Hepatic vascular engorgement
• Hepatic hematoma
• Hepatic malignancy

Biliary Tract Disease

• Biliary colic
• Choledocholithiasis
• Cholangitis
• Cholecystitis

Diseases Related to  Pregnancy
• Preeclampsia or eclampsia
• Hemolysis, elevated liver enzymes, and low platelets 

(HELLP) syndrome
• Acute fatty liver of pregnancy
• Hepatic hemorrhage or rupture

Renal Disorders
• Pyelonephritis
• Nephrolithiasis

Gastrointestinal Disorders
• Peptic ulcer disease
• Perforated duodenal ulcer

Other Conditions
• Rib fracture
• Shingles

Referred Pain From Another Disease
• Pneumonia
• Pulmonary embolus or infarct
• Pleural effusion
• Radiculopathy
• Inferior wall myocardial infarction
• Colon cancer

Occasionally, the pregnancy is not known by the patient or 
is not revealed to the physician, particularly in early pregnancy, 
when physical findings are absent. The physician should be vigi
lant for possible pregnancy in a fertile woman with abdominal 
pain, particularly in the setting of missed menses, because preg
nancy affects the differential diagnosis, clinical evaluation, and 
mode of therapy. Pregnancy tests should be performed early in 
the evaluation of acute abdominal pain in a fertile woman.

Nausea and Vomiting
Nausea and vomiting may be ubiquitous during pregnancy, and 
nausea and vomiting of pregnancy (NVP) is the most common 
cause (see Chapter 6). It typically begins at about 6 weeks and 
abates at about 18 weeks12 and is caused by the physiologic 
effects of the pregnancy without demonstrable mucosal or mural 
disease. Hyperemesis gravidarum  (HG) is a  serious and 
potentia lly  life-threatening form o f NVP associated w ith  loss 
of more than 5% of the pregravid weight. HG is a diagnosis 
of exclusion, based on nausea and vomiting that occur early in 
pregnancy and that gradually resolve during the middle second 
trimester and unassociated with other symptoms. The differen
tia l diagnosis o f nausea and vom iting during  pregnancy 
also includes hepatic and pancreatob iliary diseases such as

pancreatitis, viral hepatitis, symptomatic cholelithiasis, acute 
cholecystitis, AFLP, and occasionally intrahepatic cholestasis 
o f pregnancy. GI causes include gastroesophageal reflux disease 
(GERD), peptic ulcer disease, viral gastroenteritis, appendicitis, 
gastroparesis diabeticorum, and GI obstruction. Other causes 
include adnexal torsion, pyelonephritis, urolithiasis, and Addison 
disease (glucocorticoid deficiency).

Pruritus
The differential diagnosis of pruritus during pregnancy includes 
intrahepatic cholestasis of pregnancy, cholestatic viral hepatitis, 
primary sclerosing cholangitis, primary biliary cirrhosis, and 
mechanical choledochal obstruction from benign or malignant 
strictures. Pruritus sometimes occurs physiologically during 
pregnancy; this pruritus is typically mild, localized, unassociated 
with other symptoms, and unassociated with abnormal liver 
function tests (see Chapter 50). Important clues that pruritus 
may be due to the intrahepatic cholestasis o f pregnancy 
include pruritus that begins during the third trimester of 
pregnancy with no history o f chronic liver disease, absence 
o f abdominal pain, pruritus that affects mostly the hands and 
feet, and only mild to moderately elevated serum transami
nase and bilirubin levels.

Hepatic Lesions
Hepatic lesions identified on abdominal imaging studies are 
classified as cystic or solid. The differential of cystic hepatic 
lesions includes simple hepatic cysts, hepatic cysts associated 
with polycystic kidney disease, Caroli disease (a rare inherited 
disorder characterized by dilation of the intrahepatic bile ducts), 
bacterial abscesses, amebic abscesses, intraparenchymal hemor
rhage, hemangiomas, echinococcal cysts, and rarely hepatic 
malignancies. The differential of a solid hepatic mass includes 
hepatic adenoma, focal nodular hyperplasia, hepatocellular car
cinoma, and hepatic metastases.

Ascites
Hepatic causes of ascites during pregnancy include cirrhosis, 
AFLP, Budd-Chiari syndrome, portal vein thrombosis, hepatic 
fibrosis, and hepatocellular carcinoma. Other causes of ascites 
during pregnancy include ovarian cancer, abdominal tubercu
losis, cardiac failure, protein-losing nephropathy, and severe 
protein malnutrition (kwashiorkor).

Neonatal Cholestasis
Neonatal cholestasis is characterized by conjugated hyperbiliru
binemia, pale stools, and dark urine. The differential includes 
neonatal prematurity; anatomic anomalies such as biliary atresia; 
infections such as cytomegalovirus or toxoplasmosis; and meta
bolic defects such as cystic fibrosis, alpha 1 antitrypsin deficiency, 
or bile acid synthetic defects. Neonates frequently have uncon
jugated (indirect) hyperbilirubinemia or physiologic jaundice 
due to increased production and decreased clearance of biliru
bin. The bilirubin may peak at 7 mg/dL several days after birth 
but rapidly normalizes within about 1 week thereafter. Uncon
jugated neonatal hyperbilirubinemia may also be due to hemo
lysis, sepsis, or Gilbert syndrome.

ABDOMINAL IMAGING DURING PREGNANCY
Fetal safety during diagnostic imaging is a concern for preg
nant patients. Ultrasonography is considered safe and is the
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Chapter 47 Hepatic Disorders During Pregnancy 1001

preferred abdominal imaging modality during pregnancy.13
Unfortunately, the test sensitivity depends on operator tech
nique, patient cooperation, and patient anatomy For example, 
test sensitivity is decreased by abdominal fat and intestinal gas.13 
No reported harmful effects result from magnetic resonance 
imaging (MRI) during pregnancy, but few data are available 
on safety during the first trimester or with use of gadolinium .14 
However, gadolinium has not been associated with adverse 
fetal outcomes in a number o f individual case reports or in 
limited case series. MRI is preferable to computed tomography 
(CT) scanning during pregnancy to avoid ionizing radiation, 
but gadolinium administration should be avoided during MRI 
in the first trimester.15 Rapid-sequence MRI is preferable to 
conventional MRI because of briefer exposures.

Radiation can cause fetal mortality, growth restriction, chro
mosomal mutations, and neurologic abnormalities that include 
mental retardation, and they increase the risk of childhood leu
kemia (see Chapter 8 ).16 Radiation dosage is the most important 
risk factor, but fetal age at exposure is also important. Fetal mor
tality is greatest from radiation exposure during the first 2 weeks 
after conception, and the risk of neurologic malformations is 
greatest during the first trimester, when organogenesis occurs.16 
The patient should undergo counseling before diagnostic roent
genography Exposure to more than 15 rads during the second 
and third trimesters or more than 5 rads during the first trimes
ter should prompt consideration of termination of pregnancy.16 
Diagnostic studies with high radiation exposure, such as 
abdominal CT, typically expose the fetus to less than 1 rad 
and should therefore be considered when indicated.11 The 
physician ordering a roentgenographic study can consult with a 
medical physicist to estimate the fetal exposure. Fetal radiation 
exposure should be minimized by shielding the abdomen above 
the uterus and using narrow collimation and rapid-sequence 
studies. W hen performing abdominal CT scans with contrast, 
precontrast films can be reduced or eliminated to reduce radia
tion exposure.

THERAPEUTIC ENDOSCOPY 
DURING PREGNANCY 
Therapeutic Endoscopic Retrograde 
Cholangiopancreatography
Choledocholithiasis usually requires urgent therapy because 
of potentially life-threatening ascending cholangitis or gall
stone pancreatitis. Symptomatic choledocholithiasis is best 
managed by therapeutic endoscopic retrograde cholangio
pancreatography (ERCP) in the nonpregnant patient to avoid 
complex biliary surgery during cholecystectomy. In experienced 
hands, therapeutic ERCP in the general population has accept
able morbidity of about 5% and low mortality of about 0 .5% .17 
Therapeutic ERCP is theoretically more attractive than biliary 
surgery for choledocholithiasis during pregnancy because surgery 
entails a significant risk of fetal loss.18 Aside from maternal risks, 
therapeutic ERCP during pregnancy entails theoretic risks to the 
fetus from induction of premature labor, medication and radia
tion teratogenicity, placental abruption or fetal trauma during 
endoscopic intubation, cardiac arrhythmias, systemic hypoten
sion, and transient hypoxia.17

A literature review of about 350 cases of ERCP during preg
nancy noted three larger studies that encompassed over 100 
patients in total and numerous small case series or individual 
case reports.19 Almost all pregnant patients in all these studies

required therapeutic intervention, mostly for choledocholithia
sis. The outcome after ERCP was favorable in the three larger 
studies in terms of maternal health, maintenance of pregnancy, 
and eventual fetal outcome.19 Complications included maternal 
pancreatitis in 5% to 16%, one spontaneous abortion 3 months 
after ERCP, one neonatal demise 26 hours after delivery, and a 
prematurity rate of 8% .19 These relatively favorable results were 
confirmed in the review of the rest of the approximately 350 
cases. Although the individual studies were generally flawed 
because of small study size, retrospective design, and limited 
follow-up after delivery, the consistency of the favorable results 
across so many studies argues forcefully that ERCP is justifiable 
during pregnancy for appropriate indications and contem
plated therapeutic intervention. These results have been further 
confirmed in additional individual studies-0'-1 and literature 
reviews.22 In particular, therapeutic ERCP can be performed 
during pregnancy to help avoid complex biliary surgery or 
to postpone cholecystectomy until after parturition. Special 
precautions to minimize fetal risks from ERCP during preg
nancy include consideration for consultation with a neonatolo
gist, radiation physicist, and anesthesiologist before ERCP; 
referral to a tertiary medical center for management by a team 
of experts; lead shielding of the mother’s abdomen except for 
the region of the proximal pancreas and biliary tree; use of a 
modern fluoroscope to minimize radiation leakage; avoidance of 
spot radiographs for documentation because they require con
siderable radiation energy; and, if  possible, delay ERCP until the 
second trimester to reduce radiation teratogenicity.1

Endoscopic Variceal Sclerotherapy or Banding
Pregnancy appears to increase the risk o f variceal bleeding 
from portal hypertension because o f the gestational increase 
in plasma volume.23 Endoscopic ligation (banding) or sclero
therapy are particularly attractive therapies for variceal 
bleeding during pregnancy because the alternative o f trans
jugular intrahepatic portosystemic shunt (TIPS) requires 
radiation, and the surgical alternatives can cause fetal loss. 
Esophagogastroduodenoscopy (EGD) can be performed during 
pregnancy with relatively low fetal risks and should certainly be 
considered when strongly indicated, such as for acute upper GI 
hemorrhage.17,2 ' Endoscopic banding and sclerotherapy raise 
concerns beyond that of diagnostic EGD from the additional 
procedure time, the typically severe underlying maternal illness, 
and the therapy itself. Variceal banding is preferred over sclero
therapy in the general (nonpregnant) population. Scant clinical 
data exist on variceal banding during pregnancy and comprise 
one small case series and individual case reports. These data 
suggest relatively favorable maternal and fetal outcomes after 
variceal banding compared with the poor prognosis in untreated 
patients.19 More clinical data exist on sclerotherapy during 
pregnancy. In one clinical series, 10 patients underwent a mean 
of three endoscopic sclerotherapy sessions during pregnancy, 
five for active variceal bleeding and five for prophylaxis.25 
Hemostasis was achieved in all actively bleeding patients. One 
patient suffered a complication from sclerotherapy of an esopha
geal stricture, which was successfully treated using perioral 
esophageal dilators. All patients had a normal vaginal delivery 
at term.25 Nine other patients successfully underwent endo
scopic sclerotherapy for actively or recently bleeding esophageal 
varices with delivery of healthy infants in all cases.1 One study 
reported less favorable pregnancy outcomes after endoscopic 
sclerotherapy, attributable to the underlying maternal disease.
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1002 Section VI Pregnancy and Coexisting Disease

TABLE 47-1 CLINICAL PRESENTATION AND TREATMENT DURING PREGNANCY OF COMMON PANCREATIC 
DISORDERS MINIMALLY AFFECTED BY PREGNANCY

DISEASE OR DISORDER SYM PTO M S A N D  SIGNS LABORATORY FINDINGS

Acute pancreatitis

Acute cholecystitis

Choledocholithiasis with 
ascending cholangitis

Epigastric pain radiating to back, 
nausea and vomiting, pyrexia; 
abdominal tenderness, 
guarding, distension 

Epigastric or R U Q  pain, nausea 
and vomiting, tachycardia, 
M urphy sign

RU Q  pain, pyrexia, jaundice 
(Charcot triad); epigastric 
tenderness

Increased serum lipase, leukocytosis; 
abdominal ultrasound can reveal 
pancreatomegaly, peripancreatic 
inflammation, inhomogeneous pancreas 

Leukocytosis, variably, m ildly elevated 
LFTs; abdominal ultrasound shows a 
thickened gallbladder wall, 
pericholecystic fluid, gallstones in 
gallbladder 

Leukocytosis, jaundice, variably elevated 
other LFTs; abdominal ultrasound 
shows dilated choledochus, possible 
gallstones in gallbladder; ERCP reveals 
dilated choledochus, choledocholithiasis

TREATM ENT

Discontinue oral intake; provide 
aggressive IV hydration, analgesia, 
and nasojejunal feeding or TPN for 
a prolonged bout o f pancreatitis 

D iscontinue oral intake; provide IV 
hydration, analgesia, and antibiotics; 
cholecystectomy can be performed 
during pregnancy, most safely 
during the second trimester 

Discontinue oral intake; provide IV 
hydration, antibiotics; ERCP with 
sphincterotomy m ay be performed 
during pregnancy to address 
choledocholithiasis

ERCP, endoscopic retrograde cholangiopancreatography; TV, intravenous; LFTs, liver function tests; RUQ, right upper quadrant; TPN, total parenteral nutrition.

Four of seventeen pregnant patients undergoing endoscopic 
sclerotherapy for variceal bleeding due to noncirrhotic portal 
hypertension had adverse pregnancy outcomes of stillbirth or 
neonatal death.26 Still, the available data should justify endo
scopic therapy during pregnancy for actively bleeding esoph
ageal varices, after informed consent, because o f poor 
outcomes with the alternative available therapies.

Team Approach and Informed Consent
A team approach with consultation and referral helps optimize 
the management of complex diseases during pregnancy that 
affect both the mother and the fetus and that require disparate 
areas of expertise. The obstetrician may consult with the hepa- 
tologist regarding timing of delivery in patients with obstetric- 
related hepatic disease. The gastroenterologist contemplating 
therapeutic ERCP for symptomatic choledocholithiasis may 
consult with the obstetrician about the optimal procedure 
timing and with the anesthesiologist about analgesia during 
endoscopy. The internist may discuss with the radiologist the 
benefits versus risks of radiologic tests, and the radiologist may 
in turn consult with a physicist about methods to monitor and 
reduce fetal radiation exposure. Complex hepatic problems 
during pregnancy are best handled at a tertiary hospital with 
the requisite experience and expertise.

The patient should be informed about the consequences to 
both herself and her fetus of diagnostic tests and therapy and 
should be actively involved in medical decisions. The patient 
makes the decision under the vigilant guidance of the experts 
and with input from her partner, family, and friends. When an 
intervention, such as roentgenographic tests, entails significant 
potential fetal risk, a signed, witnessed, and informed consent 
is recommended even though this intervention would be routine 
and would not require consent in a nonpregnant patient.

PANCREATOBILIARY DISEASE 
Acute Pancreatitis
Acute pancreatitis occurs in about 1 per 3000 pregnancies, 
most commonly during the third trimester." 8 Gallstones 
cause about 70%  o f cases because alcoholism is relatively 
uncommon during pregnancy.2130 The risk of cholesterol 
stones is increased during pregnancy because of increased cho
lesterol secretion into bile.28 Other causes include drugs, abdom
inal surgery, trauma, hyperlipidemia, hyperparathyroidism,

vasculitis, and infections such as mumps or mononucleosis.29 
The risk of pancreatitis from hyperlipidemia is increased during 
pregnancy because of the significant elevation of triglyceride 
levels during late pregnancy.31 Some cases are idiopathic.

The clinical presentation, diagnostic tests, and treatment of 
pancreatobiliary disorders during pregnancy are summarized in 
Table 47-1. Pregnancy does not significantly alter the clinical 
presentation o f acute pancreatitis." ’ " Epigastric pain is the 
most common symptom. The pain commonly radiates to the 
back, and nausea, emesis, and pyrexia frequently occur. Signs 
include midabdominal tenderness, abdominal guarding, hypo- 
active bowel sounds, abdominal distension, and increased 
tympany. Severe cases are associated with shock and pancreatic 
ascites. Turner sign, bruising of the flanks, or Cullen sign, super
ficial edema and bruising around the umbilicus, suggest retro
peritoneal bleeding.29'30

Acute pancreatitis is diagnosed by finding typical abnor
malities in two o f the following three parameters: (1) clinical 
presentation, (2) laboratory tests, or (3) radiologic exami
nations. Typical symptoms o f pancreatitis include epigas
tric or RUQ pain and nausea and vomiting. Serum lipase 
is a reliable marker o f acute pancreatitis during pregnancy 
because the lipase level is unchanged during normal pregnancy. 
The serum amylase level is a less specific marker of pancreatitis 
because it m ildly rises during late pregnancy,32 and it can rise 
due to diabetic ketoacidosis, renal failure, bowel perforation, or 
bowel obstruction. Hypertriglyceridemia can falsely lower the 
serum amylase level in pancreatitis, but the lipase level remains 
elevated.’ A serum alanine aminotransferase level more than 
three times the upper lim it of normal strongly suggests biliary 
pancreatitis. Abdominal ultrasonography is useful in gauging 
pancreatic inflammation in thin patients with mild to moder
ate acute pancreatitis, but CT scanning is better at delineating 
areas of pancreatic necrosis in patients with severe pancreati
tis.30 Abdominal CT is, however, generally discouraged during 
pregnancy because of potential teratogenicity. Abdominal ultra
sonography is also useful to detect cholelithiasis and bile duct 
dilatation, but endoscopic ultrasonography is required to reliably 
detect choledocholithiasis. Because of fetal risks from ionizing 
radiation with ERCP,28 magnetic resonance cholangiopancrea
tography (MRCP) is preferable to ERCP as a diagnostic study 
to visualize the common bile duct during pregnancy, unless 
endoscopic therapy is contemplated. Acute pancreatitis during 
pregnancy is often mild and usually responds to medical
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Chapter 47 Hepatic Disorders During Pregnancy 1003

therapy that includes intravenous (IV) fluid administration, 
gastric acid suppression, analgesia, sometimes nasogastric 
suction, and discontinuation o f oral intake. Meperidine is 
the traditional choice for analgesia because it does not cause 
contraction of the sphincter of Oddi. Short-term administration 
of meperidine appears to be relatively safe during pregnancy.31 
Pancreatitis complicated by a pancreatic phlegmon, abscess, 
sepsis, or hemorrhage necessitates antibiotic therapy, total par
enteral nutrition (TPN), and possible radiologic aspiration or 
surgical debridement with patient monitoring in an intensive 
care unit (ICU).30'34 Large and persistent pancreatic pseudocysts 
require endoscopic or radiologic drainage or surgery.30 Endo
scopic sphincterotomy can be performed for gallstone pancre
atitis during pregnancy with minimal fetal radiation exposure.^ 
Pregnancy should not delay these therapies. Laparoscopic cho
lecystectomy can be utilized during pregnancy and is best 
performed during the second trimester after organogenesis 
has occurred and before the growing gravid uterus interferes 
with visualization o f the laparoscopic field. Maternal mortal
ity is low in uncomplicated pancreatitis but exceeds 10% in 
complicated pancreatitis.30 Fetal outcome is generally good for 
mild to moderate pancreatitis but can be poor with severe pan
creatitis. However, moderately severe pancreatitis is occasionally 
associated with fetal death during the first trimester and is associ
ated with premature labor in the third trimester.36 Nutritional 
requirements for TPN for severe pancreatitis should include the 
extra nutritional requirements of the gravida.3

Cholelithiasis and Cholecystitis
Pregnancy promotes bile lithogenicity and sludge formation 
because estrogen increases cholesterol synthesis, and progester
one impairs gallbladder motility.38 In large population surveys 
using abdominal ultrasonography, 12% of pregnant women in 
Chile had cholelithiasis,39 and 8% of pregnant women in the 
United States40 had cholelithiasis or biliary sludge detected by 
abdominal ultrasonography. Most gallstones are asymptomatic 
during pregnancy,41 although symptoms o f gallstone disease 
during pregnancy are the same as those in other patients.3141 
The usual initial symptom is biliary colic, pain located in the 
epigastrium or RUQ that may radiate to the back or shoulders. 
The pain typically increases over several hours then plateaus 
and subsides over several hours. It can occur spontaneously or 
can be induced by eating a fatty meal. Diaphoresis, nausea, and 
emesis are common. Physical examination is unremarkable, 
other than occasional RU Q  tenderness. About two thirds of 
patients with biliary colic will experience recurrent attacks 
during the ensuing 2 years.4

More severe complications o f cholelithiasis include chole
cystitis, choledocholithiasis, jaundice, ascending cholangitis, 
hepatic abscess, and gallstone pancreatitis. Pregnancy does 
not increase the frequency or severity o f these complications.41 
Acute cholecystitis is a chemical inflammation usually caused 
by cystic duct obstruction by a gallstone. It is the third most 
common nonobstetric surgical emergency during pregnancy 
with an incidence o f about 4 cases per 10 ,000 pregnancies.3" 
As in biliary colic, the pain is located in the epigastrium and 
RUQ, but the pain is usually more severe, prolonged, and asso
ciated with other clinical findings that include nausea, emesis, 
pyrexia, tachycardia, right-sided subcostal tenderness, Murphy 
sign, and leukocytosis.42 A positive Murphy sign is increased 
discomfort or inspiratory arrest (a catching of the breath) during 
deep inspiration when the examiner palpates the gallbladder

fossa just beneath the liver edge. Serum biochemical parameters 
of liver function and serum levels of amylase may be mildly 
abnormal. Ultrasound is very helpful in diagnosing acute 
cholecystitis during pregnancy, and it may demonstrate cho
lelithiasis. Findings compatible with acute cholecystitis include 
gallbladder wall thickening, pericholecystic fluid, and a positive 
sonographic Murphy sign in which inspiratory arrest is elicited 
by pressing the ultrasound transducer probe against the gallblad
der fossa during inspiration. Cholescintigraphy with 99mTc 
hepatobiliary iminodiacetic acid (HIDA) scan is sometimes used 
to confirm acute cholecystitis in nonpregnant patients, but it is 
rarely required during pregnancy even though it is believed to 
be relatively safe to the fetus when strongly indicated. Jaundice 
suggests choledocholithiasis, and pronounced hyperamylasemia 
suggests gallstone pancreatitis.

Most cases o f biliary colic and some cases o f very mild 
acute cholecystitis can be managed conservatively with 
close observation, expectant management, and deferral o f 
surgery to the immediate postpartum period.34'43 However, 
most patients with recurrent biliary colic or acute cholecys
titis undergo cholecystectomy.39’42’44 Preoperative management 
includes discontinuing oral intake and then administering IV 
fluids, analgesia, and usually antibiotics.38 Ampicillin, cephalo
sporins, and clindamycin are relatively safe antibiotics during 
pregnancy.42’45 Cholecystectomy is best performed during the 
second trimester; cholecystectomy during the first trimester 
is occasionally associated with fetal loss, and cholecystectomy 
during the third trimester may be associated with premature 
labor.42'44 Cholecystectomy has become increasingly accepted 
during the first and third trimesters because of improved sur
gical outcomes,44 although tocolysis may be necessary during 
cholecystectomy performed in the third trimester. Intraoperative 
cholangiography is only performed during pregnancy for strong 
indications to avoid radiation teratogenicity. Laparoscopic cho
lecystectomy is safe during pregnancy and is best performed 
during the second trimester.4’43 Both maternal and fetal mortal
ity from acute cholecystitis is less than 2.5% during pregnancy.41

Choledocholithiasis
Symptomatic choledocholithiasis is uncommon during preg
nancy. Choledocholithiasis can produce gallstone pancreatitis 
manifested by pyrexia, nausea, and severe abdominal pain or 
ascending cholangitis manifested by pyrexia, RUQ  pain, and 
jaundice (Charcot triad).30 Endoscopic ultrasound is relatively 
safe in pregnancy and is sensitive in detecting choledocholithia
sis.46 Patients with choledocholithiasis and gallstone pancreatitis 
should undergo ERCP and sphincterotomy with stone extrac
tion, as previously described. Pancreatography can be avoided to 
minimize fetal radiation exposure.35 These patients then usually 
undergo cholecystectomy postpartum but can, if  necessary, 
undergo cholecystectomy antepartum, especially during the 
second trimester, with acceptable maternal and fetal risks.30 
Cholecystectomy can be performed by laparoscopic, rather 
than open, techniques during the first or second trimester of 
pregnancy.47

Choledochal Cysts
Choledochal cysts are rare. They typically produce a diagnostic 
triad of abdominal pain, jaundice, and a palpable abdominal 
mass in nonpregnant patients. Choledochal cysts are classified 
into types 1 through 4, depending upon which segment of the 
biliary tree is dilated. '8 Choledochal cysts can initially present
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1004 Section VI Pregnancy and Coexisting Disease

during pregnancy, which can exacerbate the abdominal pain 
and increase the jaundice because of choledochal compres
sion by the enlarged gravid uterus. However, pregnancy can 
mask the palpable abdominal mass because of the size of the 
uterus.49,50 Severe pain suggests cyst rupture or concomitant pan
creatitis.49 A choledochal cyst is often diagnosed by abdominal 
ultrasound, although cholangiography is sometimes required. 
MRI is preferred over abdominal CT or diagnostic ERCP for 
determining the anatomy. Surgical management is generally rec
ommended for symptomatic choledocholithiasis because of the 
risk of recurrent cholangitis and malignant degeneration. The 
standard surgery is cystectomy, cholecystectomy, and reconstitu
tion of biliary-intestinal flow by either a Roux-en-Y hepaticoje- 
junostomy or choledochojejunostomy.50 Medical management, 
including antibiotics and temporary percutaneous or endoscopic 
drainage, may sometimes suffice until delivery.4

COMMON LIVER DISEASES INCIDENTAL 
TO PREGNANCY 
Acute Viral Hepatitis A, B, and C
Acute viral hepatitis A, B, and C present similarly in pregnancy 
as in the nonpregnant state (see Chapter 52). In a review of 13 
cases of hepatitis A  that occurred during the second or third 
trimesters of pregnancy, many of the mothers had mild to mod
erate gestational complications such as premature contractions 
or transient vaginal bleeding, but all pregnancies had favorable 
outcomes.51 Acute hepatitis B is usually self-limited and mild 
during pregnancy. Patients with very severe or prolonged acute 
hepatitis B may be considered as candidates for lamivudine 
therapy.52 Typical symptoms of acute viral hepatitis include 
anorexia, nausea, malaise, and RUQ discomfort. Patients with 
acute hepatitis A or hepatitis B typically have highly elevated 
serum aminotransferase levels, and jaundice may also be appar
ent. Acute hepatitis C is frequently subclinical and typically 
causes only mild serum aminotransferase level elevations. Mater
nal mortality is rare from acute hepatitis A, B, or C during 
pregnancy. Fetal mortality and neonatal morbidity is increased 
by acute hepatitis A or B but is still relatively low.

Hepatitis E
Hepatitis E, while rare and sporadic in industrialized countries, 
is the most common epidemic waterborne form of hepatitis in

middle- to low-income countries. It usually spreads by fecal-oral 
transmission through a contaminated water supply. Infected 
patients typically have a prodrome with malaise and pyrexia, 
followed by an acute illness with anorexia, nausea, vomiting, 
abdominal pain, and jaundice. Patients often have hepatomegaly 
and usually have significant elevations of the serum aminotrans
ferase levels. The infection is typically m ild and self-limited 
without chronicity or clinical sequelae.

Pregnant patients have a more severe illness, with frequent 
fulminant hepatitis. The mortality rate rises progressively 
with increasing gestational age, up to about 20%  for acute 
infection in the third trimester. ’ Maternal infection is like
wise associated with a high risk o f fetal or neonatal mortality. 
Medical management is supportive, and fulminant hepatitis 
should be managed in an iCU and may require liver trans
plantation. The cause o f the increased severity o f hepatitis E 
during pregnancy is unknown but may relate to attenuated 
cellular immunity during pregnancy.1

In the United States, hepatitis E infection is rare and is not 
routinely tested for in the evaluation of acute hepatitis. However, 
patients with acute hepatitis should be evaluated for hepatitis E 
if  they have recently traveled to an endemic area and have had 
hepatitis A, B, and C excluded by serologic tests. Hepatitis E 
testing should also be considered in patients who present with 
fulminant hepatitis of unclear etiology who lack a travel history 
to endemic regions. The infection is generally diagnosed by 
detecting hepatitis E antibodies in the serum. Acute infection is 
indicated by the presence of immunoglobulin M (IgM) antibod
ies, whereas prior infection is characterized by detecting IgG 
antibodies. Detection of the virus in blood by polymerase chain 
reaction (PCR) is more accurate than serologic tests. Tests for 
hepatitis E are not commercially available in the United States 
but may be obtained via the Centers for Disease Control and 
Prevention (CDC). The infection is largely prevented by public 
health measures, such as a clean water supply. Pregnant women 
should avoid travel to endemic areas, should not drink water 
from the municipal water supply in endemic areas, should not 
consume uncooked shellfish or vegetables from endemic areas, 
and should wash all fruit from endemic areas using uncontami
nated water. Table 47-2 summarizes the clinical presentation, 
diagnostic tests, and treatment during pregnancy complicated 
by hepatitis E as well as other hepatic disorders significantly 
affected by pregnancy.

TABLE 47-2 CLINICAL PRESENTATION AND TREATMENT DURING PREGNANCY OF HEPATIC DISORDERS 
SIGNIFICANTLY AFFECTED BY PREGNANCY

DISEASE OR DISORDER SYM PTO M S A N D  SIGNS LABORATORY FINDING S

Hepatitis E

Acute interm ittent porphyria

Budd-Chiari syndrome

Anorexia, nausea and vomiting, 
RU Q  abdominal pain, 
jaundice, hepatomegaly

Diffuse abdominal pain, 
vomiting, constipation, 
neuropsychiatric abnormalities 

Abdominal pain, hepatomegaly, 
and ascites

Significantly elevated aminotransferase 
levels, m ild jaundice; IgM 
antibodies to hepatitis E; PCR 
positive for hepatitis E virus 

Increased porphobilinogen and 
5-am inolevulinic acid levels in 
urine

M oderately elevated bilirubin and 
alkaline phosphatase, relatively 
normal aminotransferase levels; 
Doppler ultrasound, hepatic 
venography, or M RA w ill show 
no flow in the hepatic vein

TREATM ENT

Supportive care and prevention by public 
health measures; avoid drinking 
m unicipal water in endemic areas

Hematin, parenteral glucose; avoid
precipitating drugs and fasting; narcotics 
or phenothiazines relieve symptoms

Low-sodium diet and diuretics manage 
ascites and fluid retention; consider 
anticoagulation, balancing benefits 
against risks, and thrombolytic therapy 
or angioplasty for an acute clot; data are 
lim ited on this therapy during pregnancy

IgM, immunoglobulin M; PCR, polymerase chain reaction; MRA, magnetic resonance angiography; RUQ, right upper quadrant.
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Chronic Hepatitis B
Pregnancy does not appear to significantly affect the pro
gression o f chronic hepatitis B.’5 Despite immunotolerance 
during pregnancy, acute flares are relatively uncommon in 
patients with chronic hepatitis B. Maternal chronic hepatitis 
B infection may, however, be transmitted to the neonate, 
usually during delivery/1’ The risk o f vertical transmission is 
about 90%  in mothers who are positive for the hepatitis B e 
antigen (HBeAg), but it is about 25%  in mothers who are 
HBeAg negative/ Perinatal infection is clinically important 
because infected neonates tend to become chronic carriers and 
then have a markedly increased risk of developing hepatocellular 
carcinoma in adulthood. All pregnant women are tested for 
hepatitis B surface antigen (HBsAg) in the United States.55 
Infants born to mothers with acute or chronic hepatitis B 
infection should be passively immunized with hepatitis B 
hyperimmune globulin and should be actively immunized 
with hepatitis B vaccine immediately after birth to prevent 
neonatal infection from intrapartum exposure.58 Recent data 
suggest that treatment of chronic hepatitis B in pregnancy with 
lamivudine or tenofovir is feasible, safe, and effective in reducing 
maternal viral load. This therapy is currently an area of active 
research.59,60

Chronic Hepatitis C
Women with chronic hepatitis C may exhibit transient nor
malization o f their serum aminotransferase levels associated 
with an increase in the serum viral load during pregnancy, 
possibly because o f mildly attenuated immunity.'’1 The clini
cal significance of this phenomenon in terms of progression of 
the liver disease is unclear, but chronically infected patients may 
develop mild progression of their liver disease, as evidenced by 
increased hepatic fibrosis during pregnancy.

The risk o f vertical transmission o f hepatitis C from a 
chronically infected mother with viremia to the neonate is 
about 5%.62 This rate of vertical transmission is much lower 
than that for hepatitis B. Viral transmission to the neonate is 
unlikely (<2%) in mothers who have an undetectable viral load. 
In contrast, women positive for the human immunodeficiency 
virus (HIV) can have hepatitis C  transmission rates as high as 
20% to 40%. Infants born to mothers with hepatitis C  infection 
should undergo periodic testing for hepatitis C during the first
18 months of life to detect persistent infection. Directly acting 
antiviral drugs are now able to achieve a sustained undetectable 
hepatitis C  viral load and should be considered in pregnancy as 
more safety data become available.63

Wilson Disease
Noncirrhotic women treated for early Wilson disease have 
relatively intact fertility and may therefore become pregnant. 
Their serum levels of copper and ceruloplasmin increase 
during pregnancy,^ and therefore they require maintenance 
therapy to prevent a flare of disease that can increase maternal 
morbidity and fetal mortality. Although the data are limited, 
trientine (triethylene tetramine dihydrochloride) or zinc therapy 
for Wilson disease may be continued during pregnancy without 
significant fetal toxicity.6̂  D-penicillamine is potentially tera
togenic; therefore its use during pregnancy should be limited 
when alternatives are available. Women with cirrhosis from 
Wilson disease have increased risks of complications during 
pregnancy that include intrauterine growth restriction (IUGR) 
and preeclampsia.

Autoimmune Hepatitis
Women with autoimmune hepatitis should be maintained on 
immunosuppressive therapy during pregnancy. Glucocorticoids 
appear to be relatively safe during pregnancy,66 and the U.S. 
Food and Drug Administration (FDA) rates prednisone as a 
category B drug during gestation. Patients with well-compensated 
and well-controlled autoimmune hepatitis tolerate pregnancy 
well while maintained on this therapy and have only a moder
ately increased rate of perinatal complications.66,67 These patients 
typically have a reversible mild deterioration of serum parame
ters of liver function during pregnancy, particularly of serum 
bilirubin and alkaline phosphatase, attributed to the cholestatic 
effects of gestation. Patients who discontinue their immunosup
pressive therapy can develop severe acute flares.

Hepatic Hemangiomas, Cysts, and Abscesses
Hepatic hemangiomas are the most common benign tumors of 
the liver in the general population. The vast majority of hepatic 
hemangiomas smaller than 5 cm are asymptomatic in the general 
population. Hepatic hemangiomas appear to behave similarly 
during pregnancy. Rare symptoms attributable to hemangio
mas include RUQ pain, abdominal distension, or symptoms 
such as nausea that are attributable to impingement of adjacent 
viscera. Serious complications during pregnancy include con
sumptive coagulopathy with hemolysis, thrombocytopenia, and 
hypofibrinogenemia (Kasabach-Merritt syndrome); intrahepatic 
hemorrhage; and spontaneous hepatic rupture. Patients with 
large hemangiomas are at greater risk for these complications. 
Warning signs include progressively increasing symptoms and 
rapid lesion growth, although these complications are rare 
during pregnancy. Among 20 patients with very large hemangio
mas, only one case of hepatic rupture and one case of intrahe
patic hemorrhage occurred in 27 pregnancies.1,8 Nearly all 
hemangiomas, including moderately large lesions, appear to be 
indolent during pregnancy and can therefore be observed 
without interventional therapy. MRI is the imaging modality of 
choice to follow hemangioma size during gestation because of 
high sensitivity, high specificity, and reduced fetal risks com
pared with CT.

Focal nodular hyperplasia is the second most common cause 
of a benign hepatic mass. It is usually asymptomatic during 
pregnancy and is often detected incidentally during obstetric 
ultrasonography.13 "16 This lesion occasionally grows during gesta
tion, possibly because of estrogen stimulation. Most cases can 
be observed without intervention. It rarely causes hepatic hem
orrhage or biliary obstruction as a result of compression by the 
enlarged gravid uterus.68'70 Clinical findings may include 
abdominal pain, jaundice, or hypotension. Surgical intervention 
is occasionally necessary for these complications.69,70

Hepatic cysts may be isolated or associated with polycystic 
kidney disease, malignancy, or amebic or echinococcal infec
tion.69, 1 Pyogenic liver abscesses during pregnancy arise from 
ascending cholangitis, appendicitis, or diverticulitis.69,70 Both 
antibiotics and percutaneous drainage are usually indicated.

Hepatocellular Carcinoma 
and Hepatic Metastases
Hepatocellular carcinoma (HCC) usually occurs in the setting 
of cirrhosis secondary to chronic viral hepatitis, hemochroma
tosis, or alcoholism. It is rarely diagnosed during pregnancy.69,70 
The poor prognosis during pregnancy may result from delayed 
diagnosis or mild immunosuppression during pregnancy.
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Screening high-risk patients with abdominal ultrasonography 
can detect H CC earlier.69,72 The fibrolamellar variant of H CC, 
typically found in younger women, has a better prognosis. In 
addition, hepatic metastases from colon cancer can also occur 
during pregnancy.5

U v I r  DISEASES SIGNIFICANTLY 
AFFECTED BY PREGNANCY 
Hepatic Adenomas
Hepatic adenomas are benign hepatic tumors promoted by 
hyperestrogenemia. They are composed of large plates of 
adenoma cells, which are typically larger than ordinary hepato- 
cytes. Pregnancy is associated with accelerated adenoma growth 
and consequent development of symptoms such as nausea, vom
iting, and RUQ  pain. Risks during pregnancy include adenoma 
hemorrhage or intraperitoneal rupture. On MRI, adenomas are 
typically well demarcated, hyperintense on T2-weighted images, 
and enhance further with gadolinium administration. Hepatic 
adenomas that are symptomatic, larger than 5 cm in diam
eter, or exhibit evidence o f hemorrhage should be considered 
for surgical excision before conception in women contem
plating pregnancy, and they should be evaluated for possible 
excision i f  first diagnosed during pregnancy. 3

Acute Intermittent Porphyria
The porphyrias are rare diseases caused by deficiency of 
various heme biosynthetic enzymes that result in accumu
lation o f toxic porphyrin precursors. Acute intermittent 
porphyria (AIP), the result o f a porphobilinogen deami
nase deficiency, is the most common hepatic porphyria and 
has a frequency o f about 1 per 10,000 people. It is transmitted 
as an autosomal trait with incomplete penetrance74 and is 
strongly affected by environmental factors, including female 
sex hormone levels. Women have more severe symptoms than 
men, and their symptoms are exacerbated by oral contraceptive 
administration, menstruation, and pregnancy.7475 About one 
third of female patients present initially during pregnancy or 
immediately postpartum. Hyperemesis gravidarum is a common 
precipitant. Diffuse abdominal pain is frequently seen, and 
other symptoms include vomiting, constipation, and neuropsy
chiatric abnormalities.74 Autonomic abnormalities can cause 
tachycardia, hypertension, or ileus. Unlike other porphyrias, AIP 
lacks dermatologic manifestations. Attacks can recur during 
pregnancy.

AIP should be considered in any pregnant patient with 
abdominal pain and a puzzling diagnostic evaluation. Increased 
urinary levels of porphobilinogen and 8-aminolevulinic acid are 
diagnostic.74 Management includes avoidance of precipitating 
drugs, avoidance of fasting, and possible administration of 
hematin or parenteral glucose.74 Also, abdominal pain and 
nausea and vomiting should be treated with narcotic analgesics 
or phenothiazines. The maternal mortality is less than 10%, with 
a fetal mortality of 13% and frequent delivery of low-birthweight 
infants.74'75 Genetic counseling is recommended.

Sickle Cell Hemoglobinopathies
The sickle cell hemoglobinopathies— including hemoglobin 
SS, hemoglobin SC, and hemoglobin S/P-thalassemia— are the 
most common hematologic disorders during pregnancy (see 
Chapter 44). They primarily occur in blacks. Patients with these 
hemoglobinopathies are prone to develop preeclampsia,

eclampsia, or sickle cell crisis during pregnancy.76 They can 
also exhibit ischemia and microinfarction of multiple organs 
including extremities, joints, and abdominal viscera,' and 
abdominal pain during a sickle cell crisis can be excruciating. 
Hemoglobin SS patients have an increased risk of acute chole
cystitis during pregnancy.41’77 Maternal mortality during preg
nancy in patients with SS disease is almost 0.1% and comprises 
nearly six times the general maternal mortality.7 These maternal 
hemoglobinopathies significantly increase fetal mortality. ” Fetal 
complications related to compromised placental perfusion 
include IUGR, low birthweight, and preterm delivery.

Portal Hypertension
Pregnancy is uncommon in cirrhotic women because they 
frequently experience anovulation and amenorrhea second
ary to abnormal estrogen and endocrine hormone metabo
lism.78 However, patients with well-compensated early cirrhosis 
occasionally become pregnant. The plasma volume gradually 
increases during pregnancy to a maximum of about 40% above 
baseline.79 The primary contributing factor is sodium retention 
mediated by increased serum aldosterone, estrogen, and renin 
levels, but water retention is a secondary factor. 9 Maternal 
cardiac output increases in proportion with the plasma volume. 
Portal pressure appears to physiologically increase during preg
nancy as a result of these increases in plasma volume and cardiac 
output as well as from the increased vascular resistance due to 
external compression of the inferior vena cava by the gravid 
uterus. Pregnancy can, therefore, exacerbate preexisting portal 
hypertension with shunting of blood into portosystemic col
laterals, particularly esophageal varices, which leads to increased 
intravariceal pressure and an associated increased risk of variceal 
hemorrhage. About 30% of pregnant patients with portal hyper
tension develop variceal hemorrhage, as do about 75% of preg
nant patients with preexisting esophageal varices.7’ The risk of 
variceal hemorrhage is highest during the second trimester, 
when portal hypertension peaks, and during labor, when 
venous collateral resistance abruptly increases from use o f the 
Valsalva maneuver during pushing.

Pregnancy has variable effects on the progression of cirrhosis. 
About 25%  o f cirrhotics experience hepatic failure during 
pregnancy, whereas others have relatively stable hepatic func
tion during pregnancy.80 Some treatments for specific liver 
diseases must be modified during pregnancy to avoid fetal toxic
ity. Maternal mortality in patients with cirrhosis may be as high 
as 10%.78 Pregnant women with cirrhosis have worse pregnancy 
outcomes than other patients, with only about a 60% live birth 
rate.81 Pregnant patients with more advanced cirrhosis have 
worse fetal outcomes.81

Portal hypertension without cirrhosis is usually due to portal 
vein obstruction or hepatic fibrosis. Fertility is much better 
preserved in portal hypertension without cirrhosis than with 
cirrhosis. Pregnant patients, therefore, more frequently have 
portal hypertension without cirrhosis than with cirrhosis. Non
cirrhotic patients with portal hypertension have a much 
lower mortality from each episode of variceal hemorrhage than 
cirrhotic patients because of better preserved liver function, a 
lower incidence of coagulopathy or thrombocytopenia, and 
a much lower risk of hepatic failure precipitated by variceal 
hemorrhage.

Women with prior variceal hemorrhage or with bor
derline liver function who are contemplating pregnancy 
should be advised o f the high risks o f maternal hepatic
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decompensation or variceal hemorrhage during pregnancy 
and o f the relatively poor fetal prognosis. They should also be 
advised of the risk of transmitting genetic hepatic diseases, such 
as alpha-1 antitrypsin deficiency, or of transmitting hepatotropic 
viral infections, such as hepatitis B, to their offspring. Women 
with well-compensated chronic liver disease without prior 
variceal hemorrhage should undergo EGD before concep
tion for risk stratification. Patients with silent esophageal 
varices are at high risk of variceal hemorrhage during pregnancy, 
whereas patients without esophageal varices are at low risk of 
this complication during pregnancy. Patients with esophageal 
varices should be informed of the benefits of p-adrenergic recep
tor antagonists during pregnancy to reduce portal pressure; 
however, they should also be advised of the fetal risks of these 
medications, which may include fetal bradycardia and growth 
restriction.

About 2.5% of cirrhotic patients experience splenic artery 
rupture during pregnancy. Pregnant patients with portal 
hypertension should undergo an ultrasound examination with 
Doppler studies of the upper abdomen to screen for splenic 
artery aneurysms at the time of their routine antenatal pelvic 
ultrasound. Administration o f iron is contraindicated in preg
nant patients with hemochromatosis and is inadvisable in 
pregnant patients with several other types o f chronic liver 
disease, such as chronic hepatitis C. Routine serum param
eters of liver function, including a coagulation profile, should 
be serially monitored during pregnancy. Variceal hemorrhage 
in pregnancy is managed the same as it would be in a non
pregnant patient: initial treatment includes endoscopic variceal 
banding or sclerotherapy, as described earlier; octreotide therapy 
is normally administered before the endoscopic therapy and 
is maintained for several days after endoscopic treatment in 
nonpregnant patients. Several cases of prolonged administra
tion of octreotide for pituitary tumors have been reported in 
pregnant patients with good pregnancy outcomes.82 Propranolol 
has been safely used during pregnancy to treat portal hyper
tension but may cause fetal problems as noted above. During 
parturition, the second stage of labor should be shortened to 
minimize portal hypertension. IV fluids should be adminis
tered cautiously to avoid volume overload, and any coagulopa
thy should be corrected to minimize the risk of intrapartum 
variceal hemorrhage. 9

Budd-Chiari Syndrome
The Budd-Chiari syndrome refers to hepatic vein thrombosis 
or occlusion that increases the hepatic sinusoidal pressure, 
and it can lead to portal hypertension or hepatic necrosis.8’
M any cases are secondary to congenital vascular anomalies or 
hypercoagulopathies. This syndrome is rare in general and is 
consequently rare in pregnancy, although pregnancy tends to 
promote this disorder owing to a hypercoagulable state.84'85 This 
syndrome usually presents in the last trimester or in the puer
perium. The characteristic clinical triad is abdominal pain, hepa
tomegaly, and ascites.84'85 Acute and chronic presentations occur. 
The serum bilirubin and alkaline phosphatase levels are typically 
moderately elevated with normal to m ildly elevated serum ami
notransferase levels. This syndrome is diagnosed by pulsed 
Doppler ultrasound, hepatic venography, or magnetic reso
nance angiography (M RA).84'86 W ithout therapy, death usually 
occurs within a decade of diagnosis, and the definitive therapy 
is liver transplantation. Selective thrombolytic therapy and 
surgical or radiologic relief of portal hypertension for intractable

ascites or variceal bleeding have also been described.84 85 Antico
agulant therapy is often administered long term during preg
nancy to prevent further thrombotic events but is associated 
with a moderate risk of bleeding events, especially during deliv
ery.87 Maternal outcome is generally good, but about 30% of 
pregnancies result in fetal demise.87 Patients have had subse
quent successful pregnancies after undergoing liver transplanta
tion for Budd-Chiari syndrome that presented during the 
puerperium.86

Pregnancy After Liver Transplantation
Although cirrhotic women are often infertile, women often 
regain fertility after successful liver transplantation for cirrhosis 
with restoration of liver function. Immunosuppressive therapy 
should be maintained during pregnancy after liver transplan
tation. Tacrolimus and azathioprine appear to be safe in preg
nancy. Mycophenolate mofetil (MMF) should be stopped if 
possible before pregnancy (see Chapter 39). Pregnancy appears 
to be relatively well tolerated after liver transplantation provided 
the transplanted liver functions well before conception. Mater
nal complications during pregnancy include hypertension, pre
eclampsia, infections associated with immunosuppression, and 
occasionally acute hepatic rejection.88 Chronic immunosuppres
sion with prednisone may result in gestational diabetes. The fetal 
outcome is variable, with a large increase in fetal or neonatal 
mortality and a moderate increase in neonatal complications, 
particularly prematurity and low birthweight. However, about 
70% of liveborn babies do well.88

LIVER DISEASE STRONGLY RELATED 
TO OR UNIQUE TO PREGNANCY 
Alcoholism During Pregnancy
About 10% of woman drink heavily or binge drink during 
pregnancy.89 Alcohol is a teratogen that causes central nervous 
system defects (see Chapter 8), and alcoholism during pregnancy 
can result in the fetal alcohol syndrome (FAS), characterized by 
facial abnormalities such as a smooth philtrum, growth restric
tion, and neurodevelopmental deficits. Heavy drinking of 
alcohol during the first trimester can cause major anatomic brain 
abnormalities, including reduced brain volume. Affected infants 
occasionally develop hepatic dysfunction manifested by hepato
megaly, fatty liver, or elevations of serum aminotransferase or 
alkaline phosphatase levels.90

Hepatic Involvement in 
Hyperemesis Gravidarum
About 15% of patients with hyperemesis gravidarum experience 
liver dysfunction. The most prominent abnormality is manifold 
elevations of the serum aminotransferase levels, but jaundice or 
pruritus may also occur.91 The hepatic dysfunction may be 
related to dehydration, malnutrition, and electrolyte abnormali
ties. This dysfunction is typically mild and resolves with cessa
tion of the vomiting and reversal of the underlying metabolic 
abnormalities (see Chapter 6).

Herpes Simplex Hepatitis
Herpes simplex hepatitis is uncommon during pregnancy. 
However, about half of all cases of this hepatitis in immunocom
petent adults occur during pregnancy, possibly because of atten
uated immunity. This hepatitis has a high mortality during
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Section VI Pregnancy and Coexisting Disease

TABLE 47-3 CLINICAL PRESENTATION AND TREATMENT DURING PREGNANCY OF COMMON HEPATIC DISORDERS 
STRONGLY RELATED OR UNIQUE TO PREGNANCY__________________________________________ _ _ _ _

DISEASE OR DISORDER

Herpes simplex hepatitis

Intrahepatic cholestasis of 
pregnancy

Acute fatty liver of pregnancy

SYMPTOMS AND SIGNS

RUQ abdominal pain after prodrome 
of upper respiratory tract symptoms 
and pyrexia; oral or genital 
cutaneous vesicular eruptions 

Intense pruritus, occasional anorexia 
and nausea

Anorexia, nausea and vomiting, 
malaise, fatigue, RUQ abdominal 
pain

LABORATORY FINDINGS

Highly elevated serum aminotransferase 
levels, moderately increased serum 
bilirubin; viral culture or histologic 
analysis of infected tissue is diagnostic 

Modestly elevated serum bilirubin and 
alkaline phosphatase levels; moderately 
elevated serum aminotransferase levels; 
elevated total bile acid level is 
diagnostic 

Variable, mildly elevated LFTs; hepatic 
imaging excludes other disorders; test 
for LCHAD mutation; long-chain 
3-hydroxyacyl metabolites accumulate; 
liver biopsy (usually unnecessary) 
shows microsteatosis in hepatocytes; 
DIC may occur in severely ill patients

TREATMENT

Acyclovir or similar antiviral drugs

Ursodeoxycholic acid (also
antihistamines, phenobarbitol, 
or cholestyramine); delivery 
rapidly and completely relieves 
cholestasis 

Specific treatments for specific 
complications (e.g., blood 
products for DIC); prompt 
delivery should occur after 
maternal stabilization; patients 
rapidly improve after delivery

AST, aspartate aminotransferase; CT, computed tomography; DIC, disseminated intravascular coagulation; LCHAD, long-chain 3-hydroxyacyl coenzyme A dehydrogenase; LFTs, liver 
function tests; RUQ, right upper quadrant.

pregnancy due to a propensity for viral dissemination and 
delayed diagnosis.92 Patients typically present with RUQ  pain, 
very high serum aminotransferase levels, and mild to moderate 
hyperbilirubinemia after a brief viral prodrome with fever and 
upper respiratory tract symptoms. An oral or genital cutaneous 
vesicular eruption in association with highly elevated serum 
aminotransferase levels should suggest the diagnosis. The diag
nosis may be confirmed by viral culture or histologic analysis of 
infected tissue. Unlike hepatic diseases such as AFLP or pre
eclampsia with liver disease, for which early delivery is often 
curative, early delivery is not recommended for herpes simplex 
hepatitis; rather acyclovir therapy is the treatment of choice. 
Table 47-3 summarizes the clinical presentation and treatment 
during pregnancy of herpes simplex hepatitis and other hepatic 
disorders strongly related to or unique to pregnancy.

Intrahepatic Cholestasis of Pregnancy
The incidence o f intrahepatic cholestasis o f pregnancy (ICP) 
ranges from about 2 per 10,000 in the United States to about 
20 per 10,000 in Europe.93 The cardinal symptom is pruritus 
due to cholestasis and accumulated bile salts in the dermis.
The pruritus typically most severely affects the palms and soles 
of the feet, becomes worse at night, and begins in the third tri
mester. The pruritus can be intense and can cause psychologic 
distress. Patients occasionally experience anorexia, nausea, and 
vomiting. Proposed etiologic factors include genetic predisposi
tion, as illustrated by the extremely high rate in the indigenous 
Araucanian people of Chile and by familial clustering; gesta
tional hyperestrogenemia, as supported by the known cholestatic 
effect of estrogen; and abnormal progesterone metabolism, as 
supported by the cholestatic effects of sulfated progesterone 
metabolites.79 This syndrome is sometimes related to defects in 
the multidrug resistance type 3 (MDR-3) gene that encodes for 
the canalicular phospholipid pump protein.M Aside from family 
history, risk factors include multiple gestations and occurrence 
of this syndrome during previous pregnancies. Patients have 
elevated fasting serum levels of total bile acids, particularly con
jugated bile acids and especially cholic acid.7' 11' ” Patients typi
cally exhibit hyperbilirubinemia that is mild and predominantly

conjugated; about 10% of patients develop jaundice. The serum 
level of alkaline phosphatase is modestly elevated, and the level 
of y-glutamyl transpeptidase (GGTP) is normal. The serum 
aminotransferase levels are generally severalfold higher than 
normal,94 but hepatic imaging studies reveal normal hepatic 
parenchyma and anatomy. Liver biopsy demonstrates bile stain
ing of hepatocytes and bile plugs in biliary cannaliculi without 
necroinflammatory activity, findings consistent with cholestasis. 
The risk of gestational diabetes mellitus is also increased.

Ursodeoxycholic acid is the generally recommended 
therapy.96 It tends to normalize the serum bile acid profile 
and decreases the pruritus by stimulating bile acid excretion.1 
Other treatments designed to ameliorate the pruritus and/or 
lower the serum bile acid concentration include hydroxyzine, an 
antihistamine, phenobarbitol, cholestyramine, and S-adenosyl 
methionine. 9

Delivery results in rapid and complete relief of the cholestasis, 
and maternal outcome is usually good without long-term 
sequelae. However, the gestational cholestasis increases the risk 
of postpartum cholesterol cholelithiasis. Vitamin K  deficiency 
that results from mild steatorrhea, associated with the 
cholestasis itself or the cholestyramine therapy for the cho
lestasis, increases the risk o f postpartum hemorrhage. The 
prothrombin time may be monitored during pregnancy, 
especially near parturition, and vitamin K  can be adminis
tered as necessary. ICP results in a significantly increased inci
dence of poor fetal outcomes such as meconium ileus, premature 
delivery, or stillbirth. Antepartum fetal testing with twice-weekly 
nonstress tests is a reasonable plan. In the absence of nonreas
suring testing, consideration should be given for delivery at 
about 37 weeks’ gestation.98 Cholestasis recurs in approximately 
two thirds of subsequent pregnancies.

Acute Fatty Liver of Pregnancy
Acute fatty liver o f pregnancy (AFLP) is a rare but severe 
disease characterized by hepatic microvesicular steatosis 
associated with mitochondrial dysfunction. It is related to an 
autosomally inherited mutation that causes deficiency of the 
long-chain 3-hydroxyacyl coenzyme A dehydrogenase (LCHAD),
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a fatty acid P-oxidation enzyme.4 The most common mutation 
that leads to AFLP is the G1528C m utation." This mutation 
leads to accumulation of hepatotoxic long-chain 3-hydroxyacyl 
metabolites produced by the fetus and placenta. It usually 
manifests in the third trimester and is rarely observed imme
diately postpartum.83,100 AFLP occurs in about 1 per 10,000 
pregnancies2,3 and is more common in primiparas and twin 
pregnancies. About half of these patients exhibit signs of 
preeclampsia.100~102

The initial symptoms— including anorexia, nausea, emesis, 
malaise, fatigue, and headache— are nonspecific.83,100 About half 
of the patients have epigastric or RUQ  pain and about half have 
hypertension.101,102 Physical examination may reveal hepatic ten
derness, usually without hepatomegaly. Serum aminotransferase 
and bilirubin levels are variably elevated, and jaundice usually 
manifests later in the course of the illness or after delivery. 
Characteristic laboratory findings in severely affected patients 
include a prolonged prothrombin time, hypofibrinogen- 
emia, and increased serum levels o f fibrin split products from 
DIC and/or hepatic decompensation. Other laboratory 
abnormalities include increased serum levels o f ammonia, 
uric acid, blood urea nitrogen (BUN), and creatinine.83’1"1'10' 
Hepatic imaging studies primarily help to exclude other disor
ders or detect hepatic hemorrhage.101

Liver biopsy is usually diagnostic but is not indicated for 
suspected AFLP unless the presentation is atypical or postpar
tum jaundice is prolonged.2,101 Hepatic pathology reveals 
intracytoplasmic microsteatosis in hepatocytes, preservation of 
hepatic architecture, and isolated foci of inflammatory and 
necrotic cells.101,102 Sinusoidal deposition of fibrin is usually not 
present in AFLP but is usually observed in preeclampsia and 
eclampsia. AFLP differs from severe acute viral hepatitis in 
that the serum aminotransferase levels in AFLP rarely exceed 
1000 U/L, the viral serologic tests are negative, and hepatic 
pathologic analysis reveals much less inflammatory infiltra
tion and hepatocytic necrosis. ’ ’ ’',0U02 AFLP may be difficult 
to distinguish from HELLP syndrome and preeclampsia or 
eclampsia with DIC.

Fortunately, the definitive treatment for all these disorders 
is prompt delivery after maternal stabilization that may 
include a glucose infusion to treat hypoglycemia related to 
hepatic dysfunction, transfusion of fresh-frozen plasma or plate
lets as necessary to reverse coagulopathies, transfusion of packed 
erythrocytes to correct anemia from bleeding related to DIC, 
and administration of albumin to address the hypoalbuminemia 
from liver dysfunction. Other complications include pulmonary 
edema, pancreatitis, diabetes insipidus, seizures, coma, and 
hepatic failure manifested by jaundice, encephalopathy, ascites, 
or variceal bleeding.101,102 The complications may require specific 
therapy: lactulose for hepatic encephalopathy, hemodialysis for 
renal failure, blood transfusions and endoscopic therapy for GI 
bleeding, and desmopressin for diabetes insipidus.

Most patients improve clinically within several days after 
delivery, and their liver function tests normalize. The maternal 
mortality is low with early diagnosis, appropriate supportive 
therapy, and early delivery. The fetal mortality of AFLP is 10% 
to 15%.3’101’103 The mother, her partner, and the neonate should 
be tested for LCITAD mutations. Genetic testing is available for 
the G1528C mutation, but it is unavailable for the other, less 
common mutations.104 AFLP rarely recurs in subsequent 
pregnancies.1"1

SUMMARY

Although relatively uncommon, hepatic, biliary, and pan
creatic disorders during pregnancy are clinically important 
because of their potentially severe effects on the mother 
and fetus. These disorders are often complex, and such 
problems during pregnancy are clinically challenging. The 
differential diagnosis is particularly extensive during preg
nancy because it includes pregnancy-related as well as unre
lated conditions. The patient history, physical examination, 
laboratory data, and radiologic findings will usually provide 
the diagnosis. Abdominal ultrasound is generally the rec
ommended radiologic imaging modality. Maternal and 
fetal survival have recently improved in many of these life- 
threatening conditions, such as liver disease during preg
nancy, because of enhanced diagnostic technology, better 
maternal and fetal monitoring, earlier diagnosis, and more 
refined therapies.

KEY POINTS

♦ The differential of hepatobiliary conditions is extensive 
in pregnancy and includes pregnancy-related disorders 
in addition to disorders unrelated to pregnancy. Indeed, 
several clinical syndromes are unique to pregnancy, such 
as intrahepatic cholestasis of pregnancy and acute fatty 
liver of pregnancy.

♦ Pregnancy affects the normative values of serum param
eters of liver function and pancreatic injury. During 
pregnancy, the serum level of albumin declines, and 
the serum levels of amylase, alkaline phosphatase, 
bile acids, cholesterol, and triglycerides rise. Yet these 
serum parameters are still clinically important measures 
of liver function and pancreatic injury during preg
nancy, provided the changes in normative values are 
appreciated.

♦ M any causes of significant to severe liver dysfunction 
during pregnancy— including preeclampsia, eclampsia, 
HELLP syndrome, and AFLP—are rapidly relieved 
and completely reversed by delivery of the baby. 
Delivery is generally the definitive therapy for these 
disorders.

♦ Pregnancy aggravates preexisting portal hypertension 
and increases the risk of variceal hemorrhage. As in 
nonpregnant patients, endoscopic banding and sclero
therapy appear to be first-line therapies for esophageal 
variceal bleeding in pregnant patients.

♦ Pregnancy greatly aggravates acute hepatitis E infection, 
hepatocellular adenomas, acute intermittent porphyria, 
and herpes simplex hepatitis.

♦ Neonates born to mothers who have acute or chronic 
hepatitis B are at high risk of vertical transmission of 
infection during delivery. Such infants should be pas
sively immunized with hepatitis B hyperimmune globu
lin and actively immunized with hepatitis B vaccine at 
birth to prevent this infection.
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Carcinoem bryonic antigen CEA
Com puted tom ography CT
Crohn disease CD
Ectopic pregnancy EP
Esophagogastroduodenoscopy EGD
Gastroesophageal GE
Gastroesophageal reflux disease GERD
Human chorion ic gonadotropin hCG
Hyperemesis gravidarum HG
Inflam m atory bowel disease IBD
Irritable bowel syndrom e IBS
Lower esophageal sphincter LES
M agnetic resonance im aging MRI
Nausea and vom iting  o f pregnancy NVP
N onsteroidal an tiin flam m atory  drug NSAID
Pelvic in flam m atory  disease PID
Peptic ulcer disease PUD
Small bowel obstruction SBO
Ulcerative colitis UC

Gastrointestinal (GI) complaints and disorders are common 
in women,1 including in their childbearing years, and thus 
often occur during pregnancy. These complaints and disor
ders present unique clinical challenges during pregnancy.
First, the differential diagnosis during pregnancy is extensive. 
Aside from GI disorders unrelated to pregnancy, their com
plaints may be caused by obstetric or gynecologic disorders 
related to pregnancy or other intraabdominal diseases incidental 
to pregnancy. Moreover, some GI conditions— such as hyper
emesis gravidarum (HG)— are unique to pregnancy. Second, 
the clinical presentation and natural history of GI disorders can 
be altered during pregnancy, as described below for appendi
citis. Third, the diagnostic evaluation may need to be altered 
because of pregnancy. For example, radiologic tests and invasive

examinations may raise concerns about their fetal safety during 
pregnancy. Fourth, the interests of both the mother and the fetus 
must be considered in therapeutic decisions during pregnancy. 
Usually, these interests do not conflict because what is good for 
the mother is generally good for the fetus. Sometimes, however, 
maternal therapy must be modified to substitute alternative 
but safer therapy because of concerns about drug teratogenic
ity (e.g., substituting a histamine 2 [H2]-receptor antagonist 
for misoprostol, an abortifacient that is contraindicated during 
pregnancy).2'3 Rarely, the maternal and fetal interests are dia
metrically opposed, as in the use of chemotherapy for maternal 
cancer, a therapy that can be life-saving to the mother but 
life-threatening to the fetus.4 These conflicts raise significant 
medical, legal, and ethical issues.

The obstetrician and gynecologist, as well as the gastroen
terologist and surgeon, should be familiar with the medical 
and surgical GI conditions that can present in pregnancy and 
how these conditions affect and are affected by pregnancy. This 
chapter reviews GI symptoms and disorders during pregnancy 
with a focus on aspects of these disorders unique to pregnancy.

PHYSIOLOGIC EFFECTS OF PREGNANCY 
ON ABDOMINAL DISORDERS
Abdominal assessment during pregnancy is modified by dis
placement o f abdominal viscera by the expanding gravid 
uterus. For example, the location o f maximal abdominal pain 
and tenderness from acute appendicitis migrates superiorly 
and laterally as the appendix is displaced by the growing 
gravid uterus.5 A rigid abdomen with rebound tenderness 
remains a valid indicator of peritonitis during pregnancy, but 
abdominal wall laxity and the interposition of the gravid uterus 
between the appendix and the anterior abdominal wall in late 
pregnancy may mask the classical signs of peritonitis.6 An 
abdominal mass may be missed on physical examination because 
of an enlarged, gravid uterus.'*

M any extraintestinal abdominal conditions or disorders are 
promoted by pregnancy. M ild hydronephrosis and hydroureter 
are common during pregnancy, particularly during the early
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third trimester, because of diminished muscle tone in the urinary 
tract from elevated progesterone levels and mechanical obstruc
tion from uterine compression. Hydronephrosis in pregnancy is 
usually asymptomatic but can cause positional abdominal dis
comfort.7 Mucosal immunity may be attenuated during preg
nancy as part of the physiologic immunologic tolerance for the 
foreign fetal antigens.8 This phenomenon, as well as urinary 
stasis during pregnancy, contributes to an increased rate of cys
titis and pyelonephritis. Pregnancy also promotes cholelithiasis 
because of increased cholesterol synthesis and gallbladder hypo- 
motility related to gestational hormones.

Pregnancy modifies GI physiology. Gastroesophageal 
reflux is promoted by gastric compression by the enlarged 
gravid uterus and by decreased lower esophageal sphinc
ter tone due to increased serum progesterone and motilin 
levels during pregnancy. Pregnancy also increases the risk of 
aspiration of gastric contents for the same reasons, and gastric 
acid secretion may decrease as a result of increased progester
one levels. In addition, small bowel motility decreases during 
pregnancy.9 Constipation is promoted by decreased intestinal 
motility, mild intestinal compression by the enlarged gravid 
uterus, and increased recumbence from bed rest during preg
nancy. Physiologic nausea and vomiting of pregnancy (NVP) 
is described below.

Physiologic alterations of laboratory values during pregnancy 
include, among others, mild leukocytosis, physiologic anemia of 
pregnancy, mild dilutional hypoalbuminemia, m ildly increased 
alkaline phosphatase level, and electrolyte changes, particularly 
mild hyponatremia (see Appendix 1, “Normal Values in Preg
nancy”).5,10 The erythrocyte sedimentation rate is physiologically 
elevated and is a less reliable monitor of inflammatory activity 
during pregnancy.11 Gestational hormones, particularly estro
gen, contribute to a mild hypercoagulopathy by increasing the 
synthesis of clotting factors. Thromboembolic phenomena are 
also promoted by intraabdominal vascular stasis from vascular 
compression by the enlarged gravid uterus.

The fetus poorly tolerates maternal hypotension, hypovole
mia, anemia, and hypoxia. This intolerance affects the type and 
timing of therapy for abdominal disorders during pregnancy. 
The gravid uterus can compress the inferior vena cava in the 
supine position and thereby compromise venous return, aggra
vating systemic hypoperfusion from hypovolemia or GI bleed
ing. Simply turning the patient to the left side to displace the 
uterus may relieve this compression, improve venous return, and 
normalize the blood pressure.10 The heart rate increases by 10 to 
15 beats/min during pregnancy, but the blood pressure normally 
declines modestly; therefore a rise in blood pressure during 
pregnancy may portend preeclampsia or eclampsia. Drugs that 
are normally safe and indicated in nonpregnant women must be 
evaluated in terms of fetal safety before administration during 
pregnancy.

DIFFERENTIAL DIAGNOSIS AND 
EVALUATION OF GASTROINTESTINAL 
SYMPTOMS DURING PREGNANCY
Physiologic changes during pregnancy may cause abdominal 
symptoms that include nausea, emesis, early satiety, bloating, 
pyrosis, and abdominal discomfort. Serious disorders that 
produce these symptoms may, therefore, be difficult to distin
guish from physiologic changes during pregnancy. Significant 
symptoms should not be dismissed as normal during

BOX 48-1 DIFFERENTIAL DIAGNOSIS OF RIGHT LOWER 
QUADRANT ABDOMINAL PAIN
Gastrointestinal Disorders
A p p e n d ic itis  
C rohn  d isease
R u p tu re d  M ecke l d iv e rt ic u lu m
In te s tin a l in tu s s u s c e p tio n
Cecal p e rfo ra tio n
C o lon  cancer
Isch e m ic  c o lit is
Irr ita b le  b o w e l s y n d ro m e

Renal Diseases
N e p h ro lith ia s is
C ys titis
P y e lo n e p h ritis

Obstetric and Gynecologic Diseases
R u p tu re d  e c to p ic  p re g n a n cy  
O va ria n  tu m o rs  
O va ria n  cys t ru p tu re  
O va ria n  to rs io n  
E n d o m e tr io s is  
U te rin e  le io m y o m a s

Other
T ro c h a n te r ic  b u rs itis

pregnancy without a careful history, physical examination, 
and appropriate evaluation.

Occasionally, the pregnancy is not known by the patient or 
is not revealed to the physician, particularly in early pregnancy, 
when physical findings are absent. The physician should be vigi
lant for possible pregnancy in a fertile woman with abdominal 
symptoms, particularly in the setting of missed menses, because 
pregnancy affects the differential diagnosis, clinical evaluation, 
and mode of therapy. Pregnancy tests should be performed early 
in the evaluation of significant abdominal symptoms in this 
situation.

Abdominal Pain
The differential diagnosis o f abdominal pain during preg
nancy is extensive in that it includes obstetric conditions 
in addition to the usual GI and other intraabdominal condi
tions in the general population/ Abdominal discomfort 
without other symptoms or signs can be due to an enlarging 
uterus, fetal pressure against adjacent organs, and Braxton-Hicks 
uterine contractions associated with normal pregnancy. The 
abdominal pain is typically localized to the abdominal quad
rant in which the afflicted organ is located, as illustrated for 
pain in the right lower quadrant in Box 48-1. This general rule 
has occasional exceptions in nonpregnant patients because of 
referred pain from nearby regions, but it has more frequent 
exceptions during pregnancy because of displacement of viscera 
by the growing gravid uterus and referred or poorly localized 
pain from obstetric conditions.

In the medical history, the pain intensity, nature, temporal 
pattern, radiation, exacerbating factors, and alleviating 
factors help narrow the differential diagnosis. Abdominal 
pain increases progressively in appendicitis but is nonprogressive 
in viral gastroenteritis. The pain from obstruction of the small
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1014 Section VI Pregnancy and Coexisting Disease

TABLE 48-1 COMMON CAUSES OF ACUTE, SEVERE ABDOMINAL PAIN DURING PREGNANCY: PAIN 
CHARACTERISTICS AND DIAGNOSTIC TESTS

C O N D IT IO N

Ruptured ectopic pregnancy 
Pelvic inflammatory disease 
Appendicitis

Acute cholecystitis

Pancreatitis

Perforated peptic ulcer 
Urolithiasis

L O C A T IO N

Lower abdomen or pelvis 
Lower abdomen or pelvis 
First periumbilical, later RLQ 

(RUQ in late pregnancy) 
RUQ

Epigastric

Epigastric or RUQ 
Abdomen or flanks

C H A R A C TER

Localized, severe 
Gradual in onset, localized 
Gradual in onset, becomes 

focal 
Focal

Localized, boring

Burning, boring 
Varies from intermittent 

and aching to severe 
and unremitting

R A D IA T IO N

None
Flanks and thighs 
Back or flank

Right scapula, 
shoulder or back 

Middle of back

Right back 
Groin

D IA G N O S T IC  TE S TS

Serum (3-hCG, abdominal ultrasound 
Abdominal ultrasound 
Abdominal ultrasound in appropriate 

clinical setting 
Abdominal ultrasound, serum liver 

function tests 
Serum lipase and amylase, abdominal 

ultrasound 
Abdominal ultrasound, laparotomy 
Urinalysis, abdominal ultrasound, 

and occasionally fluoroscopy with 
contrast urography

hCG, human chorionic gonadotropin RLQ, right lower quadrant; RUQ, right upper quadrant.

intestine may be intermittent but is severe, and renal and biliary 
colic also produce a waxing and waning intensity of pain. Acute 
cholecystitis is associated with RUQ pain as well as pain referred 
to the right shoulder. The pain of acute pancreatitis is often 
boring in quality, located in the abdominal midline, and radiates 
to the back. Careful physical examination of the abdomen that 
includes inspection, palpation, and auscultation can further pin
point the etiology. Laboratory evaluation of significant abdomi
nal pain routinely includes a complete blood count, serum 
electrolytes, and liver function tests and often includes a leuko
cyte differential, coagulation profile, and serum lipase determi
nation. In evaluating the laboratory results, gestational changes 
in normative values, as mentioned earlier, must be considered. 
Radiologic tests may be extremely helpful diagnostically.

When the diagnosis is uncertain, close and vigilant moni
toring by a surgical team with frequent abdominal exam
ination and regular laboratory tests can often clarify the 
diagnosis. The character, severity, localization, or instigat
ing factors o f abdominal pain often change with time. For 
example, acute appendicitis typically changes from a dull, 
poorly localized, moderate pain to an intense and focal pain 
as the inflammation extends from the appendiceal wall to the 
surrounding peritoneum. The differential diagnosis o f severe 
abdominal pain is described in Table 48-1.

GI causes of abdominal pain are discussed below under their 
individual headings in this chapter, and hepatobiliary causes are 
discussed in the prior chapter on hepatic disorders. Obstetric 
causes of abdominal pain are also prominent during pregnancy. 
Ectopic pregnancy (EP) classically presents with abdominopel- 
vic pain and vaginal bleeding after a period of amenorrhea. The 
pain may initially be diffuse and vague but later becomes focal 
and severe. Physical signs include mild uteromegaly, cervical 
tenderness, and an adnexal mass. EP is often differentiated from 
a viable intrauterine pregnancy by serial beta-human chorionic 
gonadotropin (p-hCG) determinations,12 but it is better differ
entiated from intrauterine pregnancy by transabdominal or 
transvaginai pelvic ultrasonography with simultaneous |3-hCG 
determination.13 Rupture of an ectopic pregnancy often presents 
with abdominal pain, rebound tenderness, and hypotension.12

In an abdominal (heterotopic) pregnancy, the abdominal 
pain is associated with signs of abdominal tenderness; a closed, 
noneffaced cervix; and a palpable mass distinct from the uterus/ 
Sonography and other radiologic modalities, as well as serial 
(3-hCG determinations, are used to detect and localize the preg
nancy. Abdominal pain is the most common symptom of

heterotopic pregnancy. Abdominal ultrasound is sometimes 
diagnostic, but laparotomy may be required for the diagnosis.

The lower abdominal pain associated with preterm labor is 
characteristically associated with vaginal discharge or spotting. 
Back pain and vaginal pressure commonly occur. The diagnosis is 
made by cervical examination, either by transvaginai ultrasound 
or digitally. The abdominal pain from spontaneous abortion— 
whether threatened, incomplete, or complete— tends to be mild 
to moderate, crampy, and diffuse and is typically associated 
with vaginal bleeding. Placenta previa sometimes presents 
with abdominal pain or painful uterine contractions in late 
pregnancy. Vaginal hemorrhage is, however, the predominant 
symptom. Sonography is usually diagnostic.13 Although pla
cental abruption commonly causes abdominal pain, it is typi
cally distinguished from GI disorders by the presence of vaginal 
bleeding. Patients typically exhibit uterine tenderness and fre
quent uterine contractions. Uterine rupture usually presents in 
laboring women with abnormal fetal heart rate recordings or 
fetal death, uterine tenderness, peritoneal irritation, hypoten
sion, and vaginal bleeding.

Severe preeclampsia can present with right upper quadrant 
(RUQ) pain and elevated serum transaminase levels. Patients 
exhibit hypertension and proteinuria that starts after 20 weeks’ 
gestation. Patients with hemolysis, elevated liver enzymes, 
and low platelets (HELLP) syndrome often have epigastric 
or RUQ  pain. Patients have hemolysis with a microangiopathic 
peripheral blood smear, elevated liver transaminase levels, and 
thrombocytopenia. Acute fatty liver o f pregnancy (AFLP) 
often presents with abdominal pain, nausea and vomiting, 
anorexia, and jaundice. Liver biopsy demonstrates intracyto- 
plasmic microsteatosis in hepatocytes. The definitive treatment 
for these three pregnancy-related conditions of preeclampsia, 
HELLP syndrome, and AFLP is prompt delivery after maternal 
stabilization, provided that the fetus is sufficiently mature (see 
Chapters 31 and 47).

Choriocarcinoma, a malignant trophoblastic proliferation, 
typically presents with an abdominal mass and vaginal bleeding 
but may cause abdominal pain. The symptoms usually occur 
after term pregnancy, abortion, or incomplete evacuation of a 
hydatidiform mole. The diagnosis is suggested by persistently 
elevated p-hCG levels in the absence of pregnancy.

Gynecologic disorders are also in the differential of abdominal 
pain during pregnancy. The lower abdominal pain from pelvic 
inflammatory disease (PID) is typically associated with pyrexia 
and vaginal discharge.14 Hemorrhagic infarction of large uterine
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Chapter 48 Gastrointestinal Disorders During Pregnancy 1015

leiomyomas (fibroids), called the p a in fu l myoma syndrome, is 
characterized by severe abdominal pain, nausea, emesis, pyrexia, 
and uterine bleeding. Ultrasonography or magnetic resonance 
imaging (MRI) is usually diagnostic. The abdominal pain of a 
tuboovarian abscess is frequently associated with a palpable 
lower abdominal mass, pyrexia, and leukocytosis. Patients often 
have risk factors such as prior pelvic surgery, assisted reproduc
tion, or PID.15 MRI or sonography is helpful in the diagnosis, 
but laparoscopy is often required for confirmation.

Adnexal torsion typically causes lower abdominal pain that is 
sharp and sudden in onset. Signs include unilateral lower quad
rant tenderness, a palpable adnexal mass, cervical tenderness, or 
rebound tenderness from peritonitis. Ultrasonography, includ
ing duplex scanning, is valuable in the detection of adnexal 
masses, particularly cysts. The abdominal pain from early ovarian 
cancer tends to be vague and diffuse. Patients may also complain 
of abdominal distension and urinary frequency. Abdominal 
sonography is highly sensitive at mass detection but is insuffi
ciently accurate at distinguishing malignant from benign ovarian 
lesions.13 Surgery may be required to confirm the diagnosis and 
for definitive therapy.

The differential of abdominal pain during pregnancy also 
includes renal disorders. Symptoms from cystitis may include 
suprapubic discomfort without frank abdominal pain, but 
patients usually have urinary frequency, urgency, or dysuria.16 
The diagnosis is made by urinalysis and urine culture in the 
appropriate clinical setting. Symptoms from acute pyelone
phritis include pyrexia, chills, nausea, emesis, and flank pain. 
The pain may radiate to the abdomen or pelvis and may cause 
costovertebral tenderness. Patients often have risk factors such as 
nephrolithiasis, recurrent lower urinary tract infections, diabetes 
mellitus, or congenital ureteral abnormalities.8 The diagnosis is 
usually made by urine and blood cultures in the appropriate 
clinical setting. Renal ultrasound is performed in patients who 
fail to respond clinically within 3 days of instituting therapy or 
who have recurrent infection. The abdominal pain from uro
lithiasis typically radiates from the back or abdomen to the 
groin. Other symptoms include gross hematuria, nausea, emesis, 
urinary urgency, and urinary frequency.1 Ultrasonography is the 
standard initial diagnostic test during pregnancy.17

Patients with sickle cell hemoglobinopathies that include he
moglobin SS, hemoglobin SC, and hemoglobin S/[J-thalassemia 
are prone to sickle cell crises during pregnancy. Patients are 
usually black, and the abdominal pain in sickle cell crisis can 
be excruciating.

Upper Gastrointestinal Sym ptom s  
Nausea and Vomiting
Nausea and vomiting during pregnancy is most commonly 
because of NVP or HG, idiopathic disorders without demon
strable mucosal or mural disease. The differential diagnosis of 
nausea and vomiting includes many other conditions (Box 
48-2). NVP should be diagnosed only after exclusion of organic 
disorders by the history, physical findings, blood tests, and 
appropriate diagnostic studies. Misdiagnosis of nausea and vom
iting as NVP, rather than more severe diseases, can be cata
strophic. However, the great majority of nausea and vomiting 
during the first half of pregnancy is from NVP.

Dyspepsia or Pyrosis
The differential diagnosis of dyspepsia or pyrosis (heartburn) 
during pregnancy is listed in Box 48-3. During pregnancy,

BOX 48-2 DIFFERENTIAL DIAGNOSIS OF NAUSEA AND 
VOMITING DURING PREGNANCY
• Nausea and vomiting of pregnancy
• Hyperemesis gravidarum
• Pancreatitis
• Symptomatic cholelithiasis
• Viral hepatitis
• Peptic ulcer disease
• Gastric cancer
• Intestinal obstruction
• Intestinal pseudoobstruction
• Gastroparesis diabeticorum
• Gastritis
• Gastroesophageal reflux disease
• Acute pyelonephritis
• Drug toxicity
• Vagotomy
• Preeclampsia/eclampsia
• Acute fatty liver of pregnancy
• Hemolysis, elevated liver enzymes, and low platelets 

(HELLP syndrome)
• Anorexia nervosa/bulimia
• Other neuropsychiatric disorders

BOX 48-3 DIFFERENTIAL DIAGNOSIS OF DYSPEPSIA OR 
PYROSIS DURING PREGNANCY

• G a s tro e so p h a g e a l re flu x  d isease
• Peptic u lce r d isease
• N ausea and v o m it in g  o f p re g n a n cy
• H yp e re m e s is  g ra v id a ru m
• P a n cre a titis
• B ilia ry  c o lic
• A cu te  c h o le c y s tit is
• V ira l h e p a titis
• A p p e n d ic itis
• A cu te  fa tty  liv e r  o f p re g n a n c y  (in  la te  p re g n a n cy )
• Ir r ita b le  b o w e l s y n d ro m e /n o n u lc e r d ysp e ps ia

gastroesophageal reflux disease (GERD) is extremely com
mon,18 whereas peptic ulcer disease (PUD) is relatively 
uncommon. The diagnosis of GERD, rather than PUD, is sug
gested by pain that radiates substernally, or pain exacerbated by 
drinking acidic citrus drinks, or recumbency. Symptoms include 
water brash or regurgitation of an excessive amount of acidic 
saliva and the presence of extraintestinal manifestations, includ
ing nocturnal asthma, hoarseness, laryngitis, or periodontal dis
ease. Patients with dyspepsia or pyrosis during pregnancy can 
usually be managed symptomatically without undergoing diag
nostic esophagogastroduodenoscopy (EGD), as discussed below.

Hematemesis
Upper GI bleeding is uncommon, but not rare, during preg
nancy because pregnant patients are generally relatively young 
adults. NVP increases the risk of hemorrhage from a Mallory- 
Weiss tear, and decreased lower esophageal sphincter (LES) pres
sure and increased intragastric pressure during pregnancy 
promote gastroesophageal reflux that can cause hemorrhage. The 
most common causes o f GI hemorrhage during pregnancy 
are GERD, gastritis, Mallory-Weiss tears, and ulcers.19,20 
Unusual causes include esophageal varices and gastric cancer. 
Patients with upper GI bleeding that causes hemodynamic insta
bility are approached much the same as nonpregnant patients
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1016 Section VI Pregnancy and Coexisting Disease

but with a few exceptions. In the general population, the hema
tocrit is not a reliable indicator of the severity of bleeding 
because of the lag between blood loss and the decline in the 
hematocrit. The hematocrit is an even less reliable indicator 
of bleeding severity during pregnancy because o f the conflict
ing effects o f intravascular fluid accumulation and increased 
erythrocyte mass during normal pregnancy. Maternal blood 
pressure is not a reliable indicator of fetal well-being. Fluid, 
including transfusions of packed erythrocytes when indicated, 
should be aggressively administered to pregnant patients with 
acute GI bleeding because of the extraordinary fetal sensitivity 
to hypoperfusion, the difficulty in assessing volume status during 
pregnancy, and the usually satisfactory cardiac function of preg
nant patients.

Dysphagia
The differential of dysphagia during pregnancy is similar to that 
in the general adult population, except that esophageal cancers 
are uncommon in these relatively young adults. Pregnant 
patients with acquired immunodeficiency syndrome (AIDS) 
can have dysphagia or painful swallowing, odynophagia, from 
esophageal candidiasis or esophageal lymphoma. Dysphagia 
from a peptic stricture is uncommon in pregnant patients, 
despite their high frequency of GERD, because their GERD is 
typically short term and moderate. Achalasia is a motility disor
der that typically presents with a high resting LES pressure, 
failure of the LES to relax with swallowing, nonperistaltic esoph
ageal muscle contractions, dysphagia, and weight loss.

Definitive therapy for severe dysphagia is best performed 
before, rather than during, pregnancy to assure adequate nutri
tion during gestation, a paramount concern for normal fetal 
development. Thus surgery for severe achalasia or other benign 
esophageal diseases should be performed before pregnancy.

Lower Gastrointestinal Symptoms 
Diarrhea
The pathogenesis and differential diagnosis of diarrhea in preg
nant women is similar to that in the nonpregnant population.'1 
Acute diarrhea is usually caused by viral, bacterial, or parasitic 
enteropathogens. Viral agents, such as rotavirus and Norwalk 
virus, typically cause an acute self-limited diarrhea with upper GI 
symptoms and rare long-term sequelae. Bacterial causes of diar
rhea include Campylobacter, Shigella, pathogenic Escherichia coli, 
and Salmonella. Pseudomembranous colitis from Clostridium  
difficile  infection must be considered in the differential diagnosis 
when the diarrhea starts after antibiotic administration. Bacte
rial pathogens tend to produce frequent, small-volume stools, 
abdominal pain, and pyrexia. Inflammation of intestinal mucosa 
may produce fecal blood or leukocytes. Bacterial colitis is usually 
diagnosed by stool analysis and stool cultures. Pregnant patients 
with advanced human immunodeficiency virus (HIV) infection 
are prone to opportunistic enteric bacterial, fungal, parasitic, 
and viral infections, which often cause diarrhea. Noninfectious 
causes of diarrhea include medications, functional causes, food 
intolerances, and inflammatory bowel disease (IBD); in addi
tion, hyperthyroidism can cause hyperdefecation. The initial 
management of severe acute diarrhea includes intravenous (IV) 
hydration, correction of electrolyte disorders, and consideration 
of discontinuing oral feedings. Stool studies include bacte
rial culture and sensitivity, ova and parasites, C. d ifficile toxin, 
and fecal leukocytes. Flexible sigmoidoscopy can be consid
ered despite pregnancy for persistent refractory diarrhea if  the

stool studies are unrevealing. Reversal of nutritional deficiencies 
from profound acute or chronic diarrhea is especially important 
during pregnancy to maintain fetal well-being.

Constipation
Constipation is very common in pregnant women and affects 
up to one-fourth o f this population.” Pregnancy tends to 
promote constipation from poor fluid intake due to nausea and 
vomiting, iron supplementation, decreased patient mobility, 
slowed GI transit predominantly from the effects of progester
one,9 and GI compression by the enlarged gravid uterus.'1

General measures can reverse these constipating factors during 
pregnancy. Adequate fluid intake and moderate exercise are 
important. Increased fiber intake— either by increasing dietary 
fiber, such as with wheat bran or psyllium husks, or by admin
istering medications such as methylcellulose— is recommended 
to promote stool bulk and softness. Patients should be advised 
to defecate in the morning or after meals when colonic motor 
activity is stimulated via the gastrocolonic reflex. Sorbitol and 
lactulose, poorly absorbed sugars that cause an osmotic diarrhea, 
may be effective for constipation during pregnancy; however, 
they may cause abdominal bloating and flatulence. They should 
be used with caution in patients with diabetes, and they should 
be avoided in pregnant patients with nausea because they can 
exacerbate this symptom. Stimulant laxatives such as senna or 
bisacodyl may be considered in patients with severe constipation 
who fail to respond to conservative measures, bulk laxatives, or 
osmotic laxatives. Laxatives to be avoided during pregnancy 
include castor oil, because it may initiate premature uterine 
contractions, and hypertonic saline laxatives such as phospho 
soda, because they promote sodium and water retention, 
which is inadvisable during pregnancy; in addition, they may 
cause renal failure in patients who are dehydrated or have 
preexisting renal insufficiency.21,23 Rarely, constipation is the 
first manifestation of severe GI disease during pregnancy.

Red Blood Per Rectum
Hemorrhoids are the most common cause o f rectal bleeding 
during pregnancy. Other causes in the differential diagnosis 
include ulcerative colitis (UC), Crohn disease (CD), a rectal 
fissure, and infectious colitis as well as unusual diagnoses during 
pregnancy such as diverticular bleeding, bowel ischemia, or 
colon cancer.

DIAGNOSTIC TESTING DURING PREGNANCY 
Radiologic Imaging
Fetal safety during diagnostic imaging is a concern for pregnant 
patients and pregnant medical personnel. Ultrasonography is 
considered safe during pregnancy and is the preferred 
imaging modality for abdominal pain during pregnancy.1
Unfortunately, test sensitivity depends on operator technique, 
patient cooperation, and the patient’s anatomy in that sensitivity 
is decreased by abdominal fat and intestinal gas (see Chapter 
9 ).13 MRI is preferable to computed tomography (CT) during 
pregnancy to avoid ionizing radiation, and gadolinium admin
istration should be avoided if feasible during MRI in the first 
trimester.24 Rapid-sequence MRI is preferable to conventional 
MRI because of briefer exposure. The patient should undergo 
counseling before diagnostic roentgenography.

Data concerning fetal malformations, growth restriction, 
and mortality from ionizing radiation are derived from past
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TABLE 48-2 G E N E R A L  PR IN C IP LE S  R E G A R D IN G  
A B D O M IN A L  IM A G IN G  T E S T S

D U R IN G  P R E G N A N C Y ______________________

S A F E T Y  D U R IN G  P R E G N A N C Y

Considered safe and is the preferred imaging modality 
during pregnancy; unfortunately, this test is less 
sensitive and less specific than other imaging 
modalities for many abdominal disorders 

Considered safe; some avoid administering gadolinium, 
but no firm evidence of teratogenicity or other 
harm exists

Single radiographs entail a small but acceptable fetal 
risk; limit fetal radiation exposure by shielding, 
collimation, rapid-sequence studies, and modern 
x-ray equipment 

Consider magnetic resonance imaging as alternative 
when abdominal ultrasound is nondiagnostic. 
Computed tomography may be required in rare 
circumstances (e.g., to avoid surgery for possible but 
unproven appendicitis) and is safe if  not repeated 
several times. Consult with a radiation physicist to 
minimize fetal radiation exposure________________

experience, particularly from survivors of the atomic bombs in 
Japan and the nuclear accident in Chernobyl. Radiation can 
cause chromosomal mutations and neurologic abnormalities, 
including mental retardation, and it moderately increases the 
risk of childhood leukemia.25 Radiation dosage is the most 
important risk factor, but fetal age at exposure and proximity to 
the radiation source are also important factors (see Chapter 8). 
Diagnostic studies with the most radiation exposure, such as IV 
pyelography or barium enema, typically expose the fetus to less 
than 1 rad.24 Thus one diagnostic fluoroscopic procedure is safe 
in pregnancy. In decisions regarding roentgenographic tests, the 
risks from radiation exposure must be weighed against the ben
efits of diagnosing a severe condition. Fetal radiation exposure 
should be minimized by fetal shielding, collimation, and rapid- 
sequence studies. Consultation with a radiation physicist may 
help reduce radiation exposure. Adverse fetal effects from iodin- 
ated contrast have not been reported, and these contrast materi
als can be used when indicated. The safety of radiologic 
abdominal imaging during pregnancy is briefly summarized in 
Table 48-2.

Endoscopy During Pregnancy
Endoscopy is often performed in the evaluation of abdominal 
symptoms in nonpregnant patients. Flexible sigmoidoscopy is 
used to evaluate minor lower GI complaints including rectal 
symptoms, whereas EGD is performed to evaluate epigastric 
pain, dyspepsia, or pyrosis. Although endoscopy is extremely 
safe in the general population, endoscopy during pregnancy 
raises the unique issue of fetal safety. Endoscopy could poten
tially cause fetal complications from the medications used, pla
cental abruption or fetal trauma during endoscopic intubation, 
cardiac arrhythmias, systemic hypotension or hypertension, and 
transient hypoxia. The teratogenicity of medications is of par
ticular concern in the first trimester during organogenesis.

Sigmoidoscopy seems to be relatively safe during preg
nancy. No woman suffered endoscopic complications in a study 
of 46 patients undergoing sigmoidoscopy during pregnancy."*' 
Excluding one unknown pregnancy outcome and four voluntary 
abortions, 38 of 41 pregnant women delivered healthy infants, 
including 27 at full term. Study patients did not have a worse 
outcome than pregnant controls matched for sigmoidoscopy

indications who did not undergo sigmoidoscopy in terms of 
mean infant Apgar scores at birth, the rates of fetal or neonatal 
demise, premature delivery, low birthweight, and delivery by 
cesarean section. Additionally, no endoscopic complications 
were reported in 13 flexible sigmoidoscopies during pregnancy 
analyzed by a mailed survey of 3300 gastroenterologists.2" All 
pregnancies resulted in delivery of healthy infants at term.

These studies, in addition to scattered case reports, strongly 
suggest that sigmoidoscopy during pregnancy does not induce 
labor or cause congenital malformations and should be strongly 
considered in medically stable patients with clear indications. 
Sigmoidoscopy is not recommended during pregnancy for ques
tionable indications, such as routine cancer screening or surveil
lance, which can be deferred until at least 6 weeks postpartum. 
Sigmoidoscopy should be performed with careful maternal mon
itoring that includes electrocardiography (ECG), blood pressure, 
and pulse oximetry after obstetric consultation and medical 
stabilization. Analgesic medication should be minimized during 
sigmoidoscopy, especially during the first trimester.

Data are currently limited on colonoscopy during preg
nancy. The two largest studies comprised 20 and 8 pregnant 
patients.26,27 In the study of 20 pregnant patients, 16 colonos
copies were performed during the second trimester. Excluding 
one successful therapeutic colonoscopy to decompress a severely 
dilated colon from colonic pseudoobstruction, colonoscopy was 
diagnostic in 10 of 19 cases, which included diagnoses of ulcer
ative, ischemic, Crohn, and lymphocytic colitis. Colonoscopy 
led to therapeutic changes in the management of seven patients, 
and two minor maternal procedural complications of mild tran
sient hypotension occurred without clinical sequelae. Fetal out
comes were generally favorable: all infants were born healthy 
except for one spontaneous abortion and one infant born with 
congenital defects.

Colonoscopy should be considered, particularly during the 
second trimester, for very strong indications—such as suspected 
colon cancer— after obtaining informed consent that includes 
the theoretic but unsubstantiated fetal risks of colonoscopy. 
Colonoscopy should be considered questionable during the first 
trimester, even though at times it can be justified for extremely 
clear indications. A polyethylene glycol (PEG) balanced electro
lyte solution is generally preferred over a sodium phosphate 
(Fleet phospho soda) solution to cleanse the colon for colonos
copy because sodium phosphate is associated with renal failure 
or electrolyte abnormalities in dehydrated or otherwise at-risk 
patients.28 Colonoscopic tattooing of colonic lesions is per
formed using India ink or methylene blue in the nonpregnant 
population, but methylene blue should not be used during preg
nancy because of potential fetotoxicity.

EGD is relatively safe for the fetus and the pregnant 
mother. In a case-controlled study19 of 83 EGDs performed 
during pregnancy at a mean gestational age of 20 weeks, the 
indications for EGD included GI bleeding in 37, abdominal 
pain in 28, vomiting in 14, and other indications in 4. EGD did 
not cause any maternal complications and did not lead to labor. 
Excluding 6 voluntary abortions and 3 unknown pregnancy out
comes, 70 of 74 patients (95%) delivered healthy infants. In this 
study, the four adverse pregnancy outcomes— three stillbirths or 
deaths from severe prematurity and one involuntary abortion—  
occurred in high-risk pregnancies and were unrelated to EGD 
temporally or etiologically. No liveborn infant had any congeni
tal malformation noted in the neonatal nursery. The pregnancy 
outcome in study patients included the mean Apgar scores at
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1 and 5 minutes and the frequency of low birthweight, infant 
deaths, congenital defects, and delivery by cesarean section and 
was not statistically significantly different from the mean scores 
or rates in a group of 48 pregnant controls matched for EGD 
indications who did not undergo EGD because of their preg
nancy The two patient groups had similar pregnancy outcomes 
even though the study patients generally were sicker and had a 
stronger indication for EGD than the controls. This study and 
two other studies of 60 pregnant patients undergoing EGD 
during the first trimester29 and of 30 pregnant patients under
going EGD during pregnancy30 suggest that EGD is at least as 
safe as not performing the procedure in pregnant patients with 
a strong indication for EGD. Similar results were noted in a 
report of 73 pregnant patients who underwent EGD, analyzed 
by a mailed survey of 3300 gastroenterologists.20

EGD is recommended during pregnancy for hemodynami- 
cally significant upper GI bleeding. It is rarely helpful, and 
rarely necessary, for nausea and vomiting or even HG during 
pregnancy. EGD is reserved for atypical situations, such as severe 
and refractory nausea and vomiting accompanied by signifi
cant abdominal pain, hematemesis, or signs of gastroduodenal 
obstruction. EGD is neither necessary nor indicated to evalu
ate typical symptoms of GERD during pregnancy and should 
be reserved for cases when the presentation is atypical and 
severe, when the condition is refractory to intense pharmaco
logic therapy, when esophageal surgery is contemplated, and 
when complications such as GI bleeding or dysphagia super
vene. EGD is useful in diagnosing complicated PUD, includ
ing gastric outlet obstruction, malignant gastric ulcer, refractory 
ulcer, and persistently bleeding ulcer. EGD should be performed 
in relatively stable patients with ECG monitoring after obstetric 
consultation and after normalization of vital signs, which may 
require transfusion of packed erythrocytes and supplemental 
oxygenation. Fetal monitoring should be performed at a ges
tational age when intervention for nonreassuring fetal status 
would be considered. Informed consent is particularly impor
tant during pregnancy. The patient should be informed of the 
benefits and apparent safety of endoscopy, but she should also 
be cautioned that the potential fetal risks are incompletely char
acterized. General measures to increase the risk/benefit ratio 
o f endoscopy during pregnancy are listed in Table 48-3. 1 11

Video capsule endoscopy (VCE) is routinely used for recur
rent GI bleeding after nondiagnostic EGD and colonoscopy. 
The most common serious complication of VCE in the general 
population is capsule retention.35 Pregnancy may theoretically 
promote capsule retention because of displacement and impinge
ment of bowel loops by the enlarged gravid uterus. Few data 
exist on VCE safety during pregnancy.36 A review of the litera
ture revealed only one case performed during pregnancy, in 
which VCE identified the bleeding site and “the patient and the 
fetus did well.”37 VCE is currently considered experimental 
during pregnancy but may be considered for recurrent, life- 
threatening GI hemorrhage after excluding upper GI and colonic 
etiologies.

Team Approach and Informed Consent
A team approach with consultation and referral helps optimize 
the management of complex diseases during pregnancy that 
affect both the mother and the fetus and that require disparate 
areas of expertise. The gastroenterologist contemplating endos
copy may consult with the obstetrician about the optimal 
tim ing for the procedure and with the anesthesiologist about 
analgesia during endoscopy. The internist may discuss with the 
radiologist the benefits versus risks of radiologic tests, and the 
radiologist may in turn consult with a physicist about methods 
to monitor and reduce fetal radiation exposure. The surgeon 
may consult with the obstetrician about the tim ing of abdomi
nal surgery in relation to the pregnancy and about performing 
simultaneous cesarean delivery and abdominal surgery. These 
complex problems during pregnancy are best handled at a ter
tiary hospital, where the requisite experience and expertise is 
available. Pregnancy complicated by significant GI disease is 
best managed by an obstetrician who specializes in high-risk 
pregnancies.

The patient should be informed about the consequences to 
both herself and her fetus of diagnostic tests and therapy and 
should be actively involved in these medical decisions. Under 
the vigilant guidance of medical experts, the patient makes the 
decision with advice provided by her partner, family, and friends. 
W hen an intervention entails significant potential fetal risk, such 
as roentgenographic tests, a signed, witnessed, and informed 
consent is recommended even though this intervention would

TABLE 48-3 GENERAL PRINCIPLES TO IMPROVE THE RISK/BENEFIT RATIO OF GASTROINTESTINAL ENDOSCOPY 
DURING PREGNANCY

P R IN CIPLE

Perform endoscopy only for strong indications
Avoid endoscopy or defer it until delivery for weak or elective indications
Use the safest drugs (Food and Drug Administration category B preferable or at 

most category C) in the lowest possible dosages for sedation and analgesia

Consult an anesthesiologist regarding drug safety during pregnancy

It is preferable to perform endoscopy in the second trimester, if  possible, to 
avoid potential teratogenicity during fetal organogenesis in the first trimester 
and to avoid premature labor or adverse effects on the neonate after delivery 
in the third trimester

Minimize procedure time
Obstetric support should be available for a pregnancy-related procedure 

complication

E X A M P L E

Colonoscopy for suspected colon cancer
Colonoscopy for routine colon cancer screening
Propofol (category B) or fentanyl (category C) but not diazepam (category 

D) because of possible, albeit unlikely, association with congenital cleft 
palate

Monitored anesthesia care (MAC) with anesthesiologist present during 
endoscopy

If possible, defer endoscopy during the first trimester until the second 
trimester, and defer endoscopy during the third trimester until after 
delivery.

Performed by an experienced, expert endoscopist
Performed in an in-hospital endoscopy suite rather than a physician’s office 

or ambulatory surgical center

Modified from Cappell MS. Endoscopy in pregnancy: risks versus benefits. N ature Clin Pract G astroenterol H epatol 2005;2(9):376-377; Cappell MS. H ie fetal safety and clinical efficacy 
of gastrointestinal endoscopy during pregnancy. G astroenterol Clin North Am. 2003;32:123-79; Cappell MS. Sedation and analgesia for gastrointestinal endoscopy during pregnancy. 
Gastrointest Endosc Clin North Am. 2006;16(1):1-31; and American Society for Gastrointestinal Endoscopy. ASGE guideline: guidelines for endoscopy in pregnant and lactating women. 
Gastrointest Endosc. 2005;61(3):357-362.
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Chapter 48 Gastrointestinal Disorders During Pregnancy 1019

be routine and would not require consent in a nonpregnant 
patient.

GASTROINTESTINAL DISORDERS
Key differences during pregnancy in the clinical presentation, 
diagnosis, and therapy of GI disorders are summarized in 
Box 48-4.

Predominantly Upper 
Gastrointestinal Disorders 
Nausea and Vomiting of Pregnancy and 
Hyperemesis Gravidarum
Nausea and vomiting occurs in more than 50% of pregnancies. 
It typically begins at about 5 weeks’ gestation and abates by 
about 18 weeks. It has been called “morning sickness” but is 
more accurately called nausea an d  vom itin g o f  p regnan cy  (NVP) 
or emesis gravidarum  because it occurs throughout the day. '8 This 
condition should be viewed as a physiologic, rather than patho
logic, process during early pregnancy because it is generally 
associated with favorable maternal and fetal outcomes (see 
Chapter 6). Hyperemesis gravidarum (HG) is a severe, patho
logic form o f NVP characterized by a greater than 5% loss 
o f prepregnancy weight and otherwise unexplained keton- 
uria. The weight loss is paradoxic because patients normally gain 
weight during pregnancy.39 HG occurs in only about 0.5% of

40pregnancies.
The pathophysiology of HG is unknown but is believed to 

be multifactorial. Human chorionic gonadotropin (hCG) has 
been proposed as an etiologic factor because the serum hCG 
level peaks when HG is most severe, and the serum hCG level is 
higher in patients with HG than it is in other pregnant patients.41 
Other postulated etiologic factors include gestational hyperes- 
trogenemia, gastric dysrhythmias, and hyperthyroidism.40

Patients with NVP have only mild to moderate symptoms, 
no weight loss, and lack evidence of dehydration, vitamin defi
ciencies, and other nutritional deficiencies. Aside from severe 
nausea and vomiting, symptoms of HG may include xerostomia, 
sialorrhea or ptyalism, and dysgeusia. Physical findings reflective 
of hypovolemia include dry mucous membranes, poor skin 
turgor, and orthostatic hypotension or hypotension. Serum elec
trolyte abnormalities include hyponatremia, hypocalcemia, and 
hypokalemia. Patients may demonstrate prerenal azotemia, and 
chronic vomiting of gastric contents may cause hypochloremic 
metabolic alkalosis. An increased hematocrit reflects hemocon- 
centration from hypovolemia. Patients with severe vomiting may 
develop abnormal liver function tests, particularly elevations of 
the serum aminotransferases. Patients may exhibit mild, tran
sient hyperthyroidism that manifests as low thyroid-stimulating 
hormone (TSH) levels as a result of elevated serum hCG levels,42 
and inadequate nutrition may lead to vitamin or micronutrient 
deficiencies.

NVP and HG are diagnoses o f exclusion arrived at only 
after excluding other conditions by appropriate tests. An
abdominopelvic ultrasound is performed to exclude other causes 
of nausea and vomiting, as well as gestational trophoblastic 
disease and multiple gestation, conditions associated with HG. 
Patients with epigastric or RUQ  pain should have determina
tions of serum liver function tests and serum lipase levels to rule 
out hepatobiliary and pancreatic disease. Patients with nausea 
and vomiting complicated by dysphagia or hematemesis may 
require EGD.

Risk factors for HG include a first pregnancy, multiple gesta
tion, molar pregnancy, prior unsuccessful pregnancy, and prior 
HG.39 Like NVP, HG typically begins early in pregnancy; severe 
vomiting that begins after the first trimester is unlikely from 
HG. In other pregnancy-related conditions that cause nausea 
and vomiting—including AFLP, preeclampsia, and HELLP 
syndrome— the nausea and vomiting typically begins in the 
second half of pregnancy.

Patients with mild nausea during pregnancy typically 
require counseling and reassurance without pharmacologic 
therapy. Patients with NVP often benefit from eating small, 
frequent meals to avoid gastric distension that may trigger 
nausea and from eating a bland diet that emphasizes salty crack
ers, soups, starches, and chicken while avoiding spicy, fatty, or 
fibrous foods.40 Avoiding strenuous work and taking frequent 
naps may also be helpful. Patients with NVP associated with 
heartburn and regurgitation should be instructed about antire
flux measures and diet and lifestyle modifications and should 
receive mild antireflux medications.

Patients with more severe NVP may benefit from drug 
therapy. Bendectin—which contains vitamin B6 and doxyl- 
amine, an antihistamine—was once commonly administered for 
NVP but was withdrawn in 1983 due to unproven allegations 
of teratogenicity.40 A subsequent meta-analysis reported no 
increase in the incidence of birth defects after in utero exposure 
to Bendectin.43 Vitamin B6 (pyridoxine), a component o f 
Bendectin, has been used by itself to treat mild-to-moderate 
NVP with some success.44 A delayed-release form of doxylamine- 
pyridoxine (Diclectin) is currently approved in the United States 
and Canada to treat NVP and should be the first-line pharma
cotherapy. Dopamine antagonists, such as promethazine, or 
selective serotonin antagonists, such as ondansetron, have been 
used successfully and safely as antiemetics for these conditions.45 
Other therapies for HG include ginger, metoclopramide, and 
methylprednisone.

Therapy for HG is initially focused on aggressive IV rehydra
tion and restoration of electrolyte deficiencies. Vitamins should 
be replaced, and thiamine should be administered before dex
trose to prevent Wernicke encephalopathy. After IV repletion, 
the diet is gradually advanced as tolerated, initially to salty fluids 
and then to a bland diet. Nutritional consultation is recom
mended. Nasoenteral or nasogastric feedings are useful alterna
tives in patients who cannot tolerate oral feedings. Total 
parenteral nutrition (TPN) is rarely necessary. Patients should 
avoid environmental stimuli that trigger their nausea and vomit
ing. Patients should eat as soon as they feel hungry to avoid 
eating on an empty stomach, which can exacerbate nausea.

NVP is classically associated with a favorable pregnancy 
outcome, but in addition to the psychological stress in the 
expectant mother, it has been linked to possible physical and 
psychosocial disorders later in childhood.46 The maternal and 
fetal prognosis of HG is relatively favorable provided that the 
nausea and vomiting are reversed, and the mother gains ade
quate weight during the remainder of the pregnancy. 7

Gastroesophageal Reflux and Peptic Ulcer Disease
The incidence o f pyrosis approaches 80%  during pregnancy/ 
The incidence o f GERD is likewise high during pregnancy48 
and may relate to a hypotonic LES and delayed GI transit 
attributed to gestational hormones, especially progesterone, 
and gastric compression by the gravid uterus. GERD mani
fests in pregnancy, as in nonpregnant patients, by pyrosis,
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1020 Section VI Pregnancy and Coexisting Disease

BOX 48-4 KEY DIFFERENCES DURING PREGNANCY IN THE CLINICAL PRESENTATION AND DIAGNOSIS 
OF GASTROINTESTINAL DISORDERS
Mallory-Weiss Tear
M uch  m o re  c o m m o n  cause o f u p p e r GI b le e d in g  d u rin g  
p re g n a n c y  due  to  m ech a n ica l tra u m a  at th e  GE ju n c tio n  fro m  
nausea and v o m it in g  o f p re g n a n c y  o r HG.

Nausea and Vomiting
E x tre m e ly  c o m m o n  d u rin g  p re g n a n cy . N ausea b e g in s  at 
a b o u t 5 w e e ks ' g e s ta tio n  and a ba tes  b e tw e e n  12 and 18 
w eeks and is re la te d  to  e le va te d  se ru m  hCG leve ls  d u rin g  
e a rly  p re g n a n cy .

Hyperemesis Gravidarum
S evere  fo rm  o f nausea and v o m it in g  d u rin g  p re g n a n c y  ch a r
acte rized  by  a m o re  th a n  5% loss o f p re p re g n a n c y  w e ig h t, 
s e ru m  e le c tro ly te  d is o rd e rs , and  ke to n u ria . T h is  c o n d itio n  
re q u ire s  a g g re ss ive  th e ra p y .

Gastroesophageal Reflux
GE re flu x  is e x tre m e ly  c o m m o n  d u rin g  p re g n a n c y  due  to  
reduced  LES to n e  due  to  g e s ta tio n a l e le v a tio n  o f  s e ru m  p ro 
g e s te ro n e  leve l and  g a s tr ic  c o m p re s s io n  by  th e  e n la rg e d  
g ra v id  u te ru s . A lth o u g h  it  m a y  p ro d u ce  b o th e rs o m e  s y m p 
to m s  d u rin g  p re g n a n cy , se rio u s  c o m p lic a tio n s  o f  GE re flu x  
are u n u sua l d u rin g  p re g n a n cy .

Acute Appendicitis
D is p la ce m e n t o f  a p p e n d ix  by  th e  e n la rg e d  g ra v id  u te ru s  
d u rin g  la te  p re g n a n c y  m a y  cause th e  p o in t o f  m a x im a l 
a b d o m in a l pa in  and te n d e rn e s s  to  m ig ra te  seve ra l c e n tim e 
te rs  s u p e r io r ly  and la te ra lly  fro m  th e  M c B u rn e y  p o in t. Rate 
o f a p p e n d ice a l p e rfo ra tio n  fro m  a p p e n d ic itis  is increased  
d u rin g  p re g n a n c y  a ttr ib u te d  to  de la yed  d ia g n o s is . U ltra 
so u n d  is th e  im a g in g  te s t o f  ch o ice  d u rin g  p re g n a n c y  to  
d ia g n o s e  a p p e n d ic itis  to  a vo id  fe ta l e x p o s u re  to  io n iz in g  
ra d ia tio n . A p p e n d e c to m y  m a y  be p e rfo rm e d  d u rin g  p re g 
n a n cy  b u t is sa fest d u rin g  th e  se co n d  tr im e s te r.

Intestinal Obstruction
M o re  c o m m o n  in th ird  tr im e s te r  because  o f m ech a n ica l 
e ffe c ts  o f  th e  e n la rg e d  g ra v id  u te ru s , IO can o ccu r d u rin g  
p a rtu r it io n  because o f m ech a n ica l e ffe c ts  o f d e sce n t o f  th e  
fe ta l head and a b ru p t decrease in u te rin e  size. D esp ite  p re g 
n ancy, su p in e  and u p r ig h t ra d io g ra p h s  are necessary  to  d ia g 
nose and m o n ito r  IO. U n re m itt in g , c o m p le te  IO g e n e ra lly  
re q u ire s  s u rg e ry  d e sp ite  p re g n a n cy .

Intestinal Pseudoobstruction
A lth o u g h  risk  o f in te s tin a l p s e u d o o b s tru c tio n  o r  a d y n a m ic  
ile u s  is increased  a fte r cesarean o r v a g in a l d e liv e ry , th is  
c o m p lic a tio n  is s till u n c o m m o n . It is g e n e ra lly  m an a g e d  
m e d ic a lly  w ith o u t s u rg ica l in te rv e n tio n  as in n o n p re g n a n t 
p a tien ts .

Colonic Pseudoobstruction
D esp ite  lim ite d  c lin ic a l da ta , c o lo n o s c o p y  can be c o n s id e re d  
fo r  c o lo n ic  d e c o m p re s s io n  w h e n  th e  o n ly  a lte rn a tiv e  is 
s u rg e ry , p ro v id e d  th a t c o lo n ic  n e cro s is  is n o t su sp e c te d . Par
e n te ra l n e o s tig m in e  is o fte n  a d m in is te re d  th e ra p e u tic a lly  in

n o n p re g n a n t p a tie n ts  b u t m a y  be c o n tra in d ic a te d  d u rin g  
p re g n a n cy .

Colon Cancer
U n c o m m o n  d u rin g  p re g n a n c y  because  o f  y o u n g e r  age 
o f  p re g n a n t p a tie n ts , iro n  d e fic ie n c y  a n e m ia  is c o m m o n  
d u rin g  p re g n a n c y  due  to  incre a se d  g e s ta tio n a l d e m a n d s  and 
is m u ch  less o fte n  a sso c ia te d  w ith  c o lo n  ca n ce r in p re g n a n t 
p a tie n ts  th a n  it  is in th e  e ld e rly . C o lon  ca n ce r d ia g no se d  
d u r in g  p re g n a n c y  is o fte n  lo ca ted  in th e  re c tu m  o r  s ig m o id  
c o lo n  and  fre q u e n tly  p re se n ts  a t an a d va nce d  p a th o lo g ic  
s tage, a ttr ib u te d  to  d e la yed  d ia g n o s is . P re g n an t pa tien ts  
have a h ig h  in c id e n ce  (25% ) o f o v a ria n  m e ta s ta se s  fro m  
c o lo n  cancer. C o lo n o s c o p y  m a y  be n e cessary  d u r in g  p re g 
n a n cy  b e fo re  s u rg e ry  fo r  c o lo n  ca n ce r to  o b ta in  a p a th o 
lo g ic  d ia g n o s is  and  to  e x c lu d e  s y n c h ro n o u s  le s io ns . W hen 
ca n ce r is d ia g n o s e d  d u r in g  th e  f irs t  h a lf o f  p re g n a n c y , cancer 
s u rg e ry  s h o u ld  be p ro m p tly  p e rfo rm e d  to  m in im iz e  risk o f 
m e tastases. B ila te ra l s a lp in g o -o o p h o re c to m y  is in d ica te d  fo r 
o v a ria n  m etastases.

Inflammatory Bowel Disease
U lc e ra tiv e  c o lit is  does n o t g e n e ra lly  a ffe c t fe r t i l i ty ,  w hereas 
C rohn  d isease  m ild ly  decreases fe r t i l i ty .  P a tie n ts  w ith  inac
t iv e  o r m ild  in f la m m a to ry  b o w e l d isease  a t c o n c e p tio n  tend 
to  have  th e  sam e d isease  a c tiv ity  d u rin g  p re g n a n cy . Patients 
w ith  a c tive  d isease  a t c o n c e p tio n  can have  a c tive  disease 
d u rin g  p re g n a n c y  w ith  an incre a se d  risk  o f p o o r  fe ta l o u t
co m e s, e sp e c ia lly  fo r  C rohn  d isease. F le x ib le  s ig m o id o s 
c o p y  is g e n e ra lly  w e ll to le ra te d  d u rin g  p re g n a n c y  and can 
be used to  h e lp  d ia g n o s e  a d isease  fla re . C o rtico s te ro id s , 
su lfa sa la z in e , and 5 -a m in o s a lic y la te s  can be a d m in is te re d  
d u rin g  p re g n a n c y . A z a th io p rin e  is c la ss ifie d  as FDA class D 
d u rin g  p re g n a n c y , b u t g a s tro e n te ro lo g is ts  s o m e tim e s  co n 
t in u e  th is  m e d ic a tio n  d u r in g  p re g n a n c y  to  m a in ta in  re m is 
s io n . H o w e ve r, th e  TN F in h ib ito rs  in f lix im a b , a d a lim u m a b , 
and c e rto liz u m a b  are a p p a re n tly  s a fe r a lte rn a tiv e s  and are 
ra ted  as FD A c a te g o ry  B d u rin g  p re g n a n cy . M e th o tre x a te  is 
c o n tra in d ic a te d  d u r in g  p re g n a n cy .

Hemorrhoids
H e m o rrh o id s  are  e x tre m e ly  c o m m o n  d u rin g  p re g n a n c y  due 
to  v a s c u la r e n g o rg e m e n t, v a s c u la r c o m p re s s io n  fro m  the 
e n la rg in g  g ra v id  u te ru s , and  inc re a se d  s tra in in g  at de feca
t io n  because  o f c o n s tip a tio n . M e d ica l th e ra p y  is g e n era lly  
re c o m m e n d e d  because  h e m o rrh o id a l s y m p to m s  u sua lly  
reso lve  s p o n ta n e o u s ly  so o n  a fte r d e liv e ry .

Mesenteric Ischemia and Infarction
Risk o f m e s e n te r ic  isch e m ia  is m ild ly  in c re a se d  d u rin g  p reg 
n a n cy  due  to  m ild  h y p e rc o a g u la b ility  fro m  h y p e re s tro g e n - 
e m ia , b u t risk  is s till re la tiv e ly  lo w  because  m esen te ric  
isch e m ia  is p re d o m in a n tly  a d isease  o f  th e  e ld e rly .

Splenic Artery Rupture
Risk o f  s p le n ic  a rte ry  a n e u ry s m  ru p tu re  m a rk e d ly  increases 
d u rin g  p re g n a n c y  due  to  e s tro g e n  w e a k e n in g  th e  e la s tic ity  
o f  th e  a rte r ia l w a ll, b u t o v e ra ll r isk  is s till re la tiv e ly  low .

FDA, Food and Drug Adm inistration; GE, gastroesophageal; GI, gastrointestinal; hCG, human chorionic gonadotropin; HG, hyperemesis gravidarum;
IO, intestinal obstruction; LES, lower esophageal sphincter; TNF, tum or necrosis factor.
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Chapter 48 Gastrointestinal Disorders During Pregnancy 1021

regurgitation, water brash, dyspepsia, hypersalivation, or, rarely, 
pulmonary symptoms. Symptoms may be exacerbated by ingest
ing certain foods, such as acidic drinks, or by recumbency. 
Complications of GERD include hemorrhagic esophagitis, dys
phagia from reflux-induced esophageal stricture, and Barrett 
esophagus or adenocarcinoma. These complications generally 
relate to severe, long-standing, poorly controlled GERD. During 
pregnancy, GERD tends to be mild and of short duration, 
coincident with the pregnancy, so these complications are rare. 
EGD is the best test to diagnose reflux esophagitis. Character
istic findings are erosions, exudates, erythema, or ulcers just 
above the gastroesophageal (GE) junction. EGD can be per
formed during pregnancy if necessary but is generally reserved 
for complications from GERD such as GI hemorrhage or 
dysphagia.

Symptomatic peptic ulcer disease is uncommon during preg
nancy, and antecedent PUD often improves during pregnancy.49 
Nausea, emesis, dyspepsia, and anorexia are so frequent 
during pregnancy that PUD cannot be diagnosed solely by 
symptomatology during pregnancy. " The most common 
cause of a duodenal ulcer is H elicobacter p y lor i infection. Non
steroidal antiinflammatory drugs (NSAIDs), including aspirin, 
can cause gastric or duodenal ulcers. These ulcers more com
monly present with GI bleeding than abdominal pain, possibly 
because of the analgesic properties of NSAIDs.>l

Although the efficacy of modern acid-suppressive drugs 
has rendered lifestyle modifications less important in the non
pregnant patient with GERD or PUD, lifestyle modifications 
remain important in the pregnant patient because of concern 
about drug teratogenicity.50,52 Pregnant patients with GERD or 
PUD should avoid caffeine, alcohol, smoking cigarettes, and 
NSAID use, although acetaminophen is safe and the cyclo
oxygenase 2 (COX-2) inhibitors are less gastrotoxic than the 
nonselective NSAIDs.51 Patients with GERD should elevate 
the head o f their bed and avoid wearing tight belts. They 
should avoid recumbency after eating and discontinue oral 
intake 3 hours before bedtime.

Antacids are generally safe for the fetus, although those 
that contain sodium bicarbonate should be used with caution 
throughout pregnancy because such antacids may cause fluid 
overload or metabolic alkalosis.53 Antacids and dietary mea
sures often suffice during the first trimester for m inimally symp
tomatic disease.2 Antacids must be administered frequently 
because of low potency, and frequent administration can cause 
diarrhea or constipation and electrolyte or mineral abnormali
ties. Orally administered sucralfate has minimal systemic absorp
tion and is generally believed to be safe during pregnancy, but 
its aluminum content is of concern to the fetus in mothers with 
renal insufficiency.54 Misoprostol can cause labor and cervical 
ripening.3 H2-receptor antagonists are useful in treating GERD 
and PUD when symptoms are more severe or occur later in 
pregnancy.2,54 Ranitidine and famotidine are preferable because 
nizatidine is possibly toxic to the fetus,55 and cimetidine has 
antiandrogenic effects.56 Proton pump inhibitors were initially 
reserved for refractory, severe, or complicated GERD or PUD 
during pregnancy but have recendy been increasingly used 
for moderate disease because o f accumulating evidence of 
relative fetal safety. Lansoprazole, rabeprazole, and pantopra- 
zole (Food and Drug Administration [FDA] pregnancy category 
B) appear to be relatively safe and are therefore the recom
mended agents in this class during pregnancy.508 Omeprazole 
is rated only as FDA category C during pregnancy, but a study

in 2001 that involved 863 infants exposed to omeprazole during 
the first trimester revealed rates of stillbirth and congenital mal
formations comparable to those of unexposed controls.55 Meto
clopramide is probably not teratogenic, but it can cause maternal 
side effects. Drug therapy for H. pylori eradication should be 
deferred until after parturition and lactation because of 
concern about the fetal safety o f antibiotics, such as clar
ithromycin and metronidazole.6"

Surgery for GERD is best performed either before or after 
pregnancy.2,54 Endoscopic therapy is the initial intervention for 
bleeding from GERD or PUD,32,49 but a hemodynamically 
unstable patient refractory to endoscopic therapy requires expe
ditious surgery, because the fetus poorly tolerates maternal hypo
tension.61,62 Patients in advanced pregnancy should undergo 
cesarean delivery just before gastric surgery for GI bleeding.6 ' 
Pregnant patients with PUD may also require surgery for gastric 
outlet obstruction, refractory ulcer, or a malignant ulcer.63

Diaphragmatic Rupture
In diaphragmatic rupture, abdominal contents herniate through 
a diaphragm weakened by congenital defects or abdominal or 
chest trauma. The risk of rupture is increased during preg
nancy because of increased pressure on the diaphragm from 
recurrent vomiting during the first half of pregnancy, rapid 
growth of the gravid uterus during the second trimester, or 
the Valsalva (breath holding) and Kristeller (fundal pressure) 
maneuvers during labor. Even during pregnancy, diaphragmatic 
rupture is rare, but it is potentially catastrophic when it occurs 
during pregnancy, and both maternal and fetal mortality from 
bowel strangulation exceed 40% .64 Increased intraabdominal 
pressure from the enlarged gravid uterus increases the risk. Her
niorrhaphy is recommended during the first two trimesters for 
eventrated diaphragmatic hernia, even if asymptomatic, because 
of the high mortality without surgery.64,65 Early recognition of 
eventrated or strangulated viscera is crucial to reduce mortality. 
Expectant management is advised for asymptomatic patients 
during the third trimester, followed by cesarean delivery and her
niorrhaphy when the fetus is sufficiently mature. Cesarean deliv
ery is the preferred route of delivery and avoids the increased 
abdominal pressure during active labor, which can cause bowel 
strangulation.65

Predominantly Lower 
Gastrointestinal Disorders 
Acute Appendicitis
Acute appendicitis is the most common nonobstetric surgical 
emergency during pregnancy with an incidence o f about 1 per 
1000 pregnancies.6 66 Appendiceal obstruction, usually from 
an appendicolith, is the primary etiologic event, although 
stasis and other factors are also implicated. As the appendi
ceal lumen distends secondary to appendiceal obstruction, 
the patient initially experiences poorly localized periumbili
cal pain. Severe luminal distension, mural inflammation and 
edema, and bacterial translocation produce somatic pain that 
becomes severe and well localized at the McBurney point, 
which is located in the right lower quadrant one third o f the 
way from the anterior superior iliac spine to the umbilicus. 
Displacement o f the appendix by the gravid uterus during 
late pregnancy may cause the point o f maximal abdomi
nal pain and tenderness to migrate superiorly and later
ally from the McBurney point, but this migration typically 
extends only a few centimeters away from the McBurney
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point during late pregnancy.5 Rectal or pelvic tenderness may 
occur in early pregnancy but is unusual in late pregnancy as 
the appendix migrates from its pelvic location. Other clinical 
findings include anorexia, nausea, emesis, pyrexia, tachycardia, 
and abdominal tenderness/’ Periappendiceal inflammation or 
peritonitis causes involuntary guarding and rebound tenderness. 
Involuntary guarding and rebound tenderness are less reliable 
signs of peritonitis in late pregnancy because of abdominal wall 
laxity and elevation of the anterior abdominal wall away from 
the inflamed appendix by the growing gravid uterus.6 Patients 
may have significant leukocytosis and neutrophilia in the leu
kocyte differential.58

Radiologic imaging is indicated to reduce the incidence of 
negative appendectomy when the diagnosis is suspected but 
remains ambiguous after routine laboratory studies. Although 
CT is the preferred imaging test in nonpregnant patients because 
of its high diagnostic accuracy, sonography is the initial 
imaging test o f choice during pregnancy to avoid fetal expo
sure to radiation from CT. In a comprehensive review, ultra
sound was 86% sensitive and 81% specific in the diagnosis 
of appendicitis in adults or adolescents.69 Diagnostic findings 
include appendiceal mural thickening, periappendiceal fluid, 
and a noncompressible tubular structure 6 mm or more in diam
eter that is closed at one end and open at the other. Appendicitis 
cannot be excluded if the appendix is not visualized on ultra
sound. Ultrasound can also help exclude other pathology, such 
as an adnexal mass.13 Factors associated with diminished test 
sensitivity include maternal obesity, the third trimester of preg
nancy, and an inexperienced radiologist.

MRI is the appropriate next test in the pregnant patient if  
the abdominal ultrasound is inconclusive. In a study of 148 
pregnant women with suspected appendicitis during pregnancy, 
MRI was 100% sensitive and 93% specific for the diagnosis 
of acute appendicitis. 0 CT can be performed with modifica
tions to lim it fetal radiation exposure to less than 300 mrad 
if MRI is unavailable. Abnormal CT findings with appendi
citis include right lower quadrant inflammation; a nonfilling, 
enlarged tubular structure; and an appendicolith.

Up to one quarter o f pregnant women with appendicitis 
develop an appendiceal perforation.5 This high rate is attrib
uted to delayed diagnosis during pregnancy. The diagnosis 
may be missed in pregnant patients for a number of reasons:
(1) leukocytosis, a classic sign of acute appendicitis, occurs phys
iologically during pregnancy; (2) nausea and emesis, common 
symptoms of acute appendicitis, are also common during preg
nancy; and (3) the abdominal pain is sometimes atypically 
located.68 Other diseases are often confused with appendicitis. 
The differential diagnosis of appendicitis in pregnancy is shown 
in Box 48-5. Appendiceal displacement predisposes to rapid 
development of generalized peritonitis after perforation because 
the omentum is not nearby to contain the infection.

Appendicitis during pregnancy mandates prompt appen
dectomy after IV hydration and correction o f electrolyte 
abnormalities. Appendectomy is safer for the fetus during the 
second trimester than during the first trimester.71 Antibiotics are 
generally administered for uncomplicated appendicitis and are 
absolutely required for appendicitis complicated by perforation, 
abscess, or peritonitis.5 Cephalosporins, clindamycin, gentami- 
cin, and penicillins including ampicillin/sulbactam are consid
ered safe during gestation.5 Clindamycin is preferred over 
metronidazole for anaerobic coverage, even though both are 
category B drugs in pregnancy.60 Clindamycin/gentamicin is a

BOX 48-5 DIFFERENTIAL DIAGNOSIS OF APPENDICITIS 
DURING PREGNANCY

Gynecologic Conditions
R u p tu re d  o v a ria n  cys t 
A d n e x a l to rs io n
P e lv ic  in f la m m a to ry  d isease  o r  s a lp in g it is
E n d o m e tr io s is
O va ria n  cancer

Obstetric Causes
P lacenta l a b ru p tio n
C h o rio a m n io n it is
E n d o m e tr it is
U te rin e  f ib ro id  d e g e n e ra tio n  
L a b o r (p re te rm  o r  te rm )
V iscu s  p e rfo ra tio n  a fte r  a b o rtio n  
R u p tu re d  e c to p ic  p re g n a n c y

Gastrointestinal Causes
C ro hn  d isease
C o lo n ic  d iv e rt ic u lit is  ( r ig h t s ide)
C h o le c y s tit is
P a n cre a titis
M e s e n te ric  ly m p h a d e n it is
G a s tro e n te rit is
C o lon  cancer
In te s tin a l o b s tru c tio n
H ern ia  ( in ca rce ra te d  in g u in a l o r  in te rn a l)
C o lo n ic  in tu s s u s c e p tio n  
R u p tu re d  M ecke l d iv e rt ic u lu m  
C o lo n ic  p e rfo ra tio n  
A cu te  m e s e n te r ic  isch e m ia

Other Causes
P y e lo n e p h ritis
U ro lith ia s is

relatively inexpensive, effective, and safe antibiotic combination; 
quinolones are not recommended. Laparoscopy should be con
sidered during the first two trimesters or even later by expe
rienced operators for nonperforated appendicitis or when 
the diagnosis is uncertain. 1 Appendectomy is recommended 
even if appendicitis is not evident at surgery.67 68 Maternal mor
tality from appendicitis is about 0.1% without appendiceal per
foration, but with perforation, mortality exceeds 4% .66 Fetal 
mortality is about 2% without perforation but exceeds 30% 
with appendiceal perforation.66

Intestinal Obstruction
Acute intestinal obstruction is the second most common 
nonobstetric abdominal emergency with an incidence of 1 
per 2500 pregnancies. ' 5 It may be incidental or secondary to 
pregnancy, and obstruction more commonly occurs in the third 
trimester because of the mechanical effects of the enlarged gravid 
uterus.76 In particular, some cases occur at term because of the 
mechanical effects from descent of the fetal head and the abrupt 
decrease in uterine size at delivery.73'74 Adhesions, particularly 
from prior gynecologic surgery or appendectomy, cause 60% to 
70% of small bowel obstruction (SBO) during pregnancy.74 7 
Other causes of SBO include neoplasms, particularly ovarian, 
endometrial, or cervical malignancies; CD; external or internal

ak
us

he
r-li

b.r
u



Chapter 48 Gastrointestinal Disorders During Pregnancy 1023

hernias; volvulus; and intussusception. 3 4 Rare causes of SBO 
include ectopic pregnancy; prior radiotherapy; and intraluminal 
gallstones, fecoliths, or other concretions. Colonic obstruction 
can be caused by adhesions, colon cancer, other neoplasms, 
diverticulitis, and volvulus. 3,74

Intestinal obstruction classically presents with a symptom
atic triad o f abdominal pain, emesis, and obstipation.73,7 The 
pain may be constant or periodic. SBO is more painful than 
colonic obstruction, and the pain with SBO may be diffuse and 
poorly localized and may radiate to the back, flanks, or 
perineum.78 Abdominal pain is milder with volvulus and intus
susception. Intestinal malrotation, may produce nonspecific 
symptoms of mild, crampy abdominal pain and nonbilious 
emesis.79 Intestinal strangulation with compromised bowel per
fusion may be heralded by abdominal guarding and rebound 
tenderness. Emesis occurs more frequently and earlier in SBO 
than in colonic obstruction.73,74 Constipation from complete 
intestinal obstruction is usually severe and unremitting and is 
associated with abdominal pain.71 The abdomen is typically 
distended and tympanitic to percussion because of an inability 
to defecate or pass flatus. Bowel sounds are high-pitched, hypo- 
active, and tinkling in early intestinal obstruction and become 
absent in late obstruction.

The approach to intestinal obstruction is the same in preg
nancy as in the general population except that decisions are 
more urgently required because both the fetus and the 
mother are at risk. Fetal exposure to radiation is a concern, but 
supine and upright abdominal radiographs are needed to diag
nose and monitor intestinal obstruction. 4 The diagnosis is 
strongly suggested by radiographic findings of distended bowel 
loops that contain air-fluid levels, particularly with differential 
air-fluid levels. An abrupt transition between distended and 
nondistended bowel favors the diagnosis of intestinal obstruc
tion over intestinal pseudoobstruction. Volvulus is suspected 
when a single bowel loop is grossly dilated.

Surgery is recommended for unremitting and complete 
intestinal obstruction, whereas medical management is rec
ommended for intermittent or partial obstruction. Paren
teral fluids are aggressively administered in all patients with 
intestinal obstruction to reverse the fluid and electrolyte deficits 
caused by emesis and fluid sequestration but are particularly 
important during pregnancy to sustain uterine perfusion. Naso
gastric suction helps decompress the bowel. Maternal mortality 
is about 5%, and fetal mortality ranges from 20% to 30% .73 77 
Morbidity and mortality from intestinal obstruction are increased 
by delayed diagnosis.

Intestinal Pseudoobstruction
Intestinal pseudoobstruction, adynamic ileus, is charac
terized by severe abdominal distension detected on physi
cal examination and diffuse intestinal dilatation noted on 
abdominal roentgenogram. Patients may also present with 
diffuse abdominal pain and hypoperistalsis on abdominal aus
cultation. Intestinal pseudoobstruction is diagnosed only after 
exclusion of mechanical intestinal obstruction by the clinical 
presentation, laboratory studies, and early clinical evolution. 
Patients with mechanical obstruction tend to be much sicker 
than those with pseudoobstruction for the same degree of intes
tinal dilatation as detected by abdominal imaging and tend 
to progress more rapidly. Intestinal pseudoobstruction is a 
well-described but uncommon complication o f cesarean or 
vaginal delivery.80,81 Patients with pseudoobstruction have

nausea, emesis, obstipation, and diffuse abdominal pain 
that typically evolves over several days.8" Patients often have 
hypoperistalsis, whereas pyrexia, leukocytosis, and increasing 
abdominal tenderness may herald GI ischemia. Treatment 
includes nasogastric aspiration, parenteral fluid administra
tion, repletion o f electrolytes, and rectal tube decompression. 
The pseudoobstruction usually spontaneously resolves.80

Therapeutic options for severe colonic pseudoobstruction 
(Ogilvie syndrome), manifested by a cecal diameter greater than
10 cm on abdominal roentgenogram, include colonoscopic 
decompression or surgical therapies such as cecostomy, cecec- 
tomy with diverting ileostomy, or colonic resection when intes
tinal necrosis supervenes.82 Colonoscopy can be considered for 
colonic pseudoobstruction during the second trimester of preg
nancy when the only alternative is surgery.2 Parenteral neostig
mine is often administered for colonic pseudoobstruction in 
nonpregnant patients but may be contraindicated during preg
nancy.80 Mortality approaches 10% with impending perforation 
but reaches 70% after cecal perforation.82

Colon Cancer
Colon cancer is uncommon during pregnancy with an estimated 
incidence of 1 per 13,000 to 1 per 50,000 pregnancies (see 
Chapter 49) .4’83 W ith approximately 4 million pregnancies 
annually in the United States, these incidence estimates translate 
into 80 to 300 colon cancers during pregnancy each year.

The clinical presentation and evaluation of colon cancer in 
pregnant patients is similar to that in other patients, with notable 
exceptions. Common symptoms o f colon cancer in pregnant 
patients include abdominal pain, rectal bleeding, nausea and 
vomiting, and abdominal distension.4 84 However, colon 
cancer tends not to produce signs until it has advanced. 
About one fifth of colon cancers occur in the rectum in the 
genefal population, whereas about two thirds of colon cancers 
occur in the rectum during pregnancy.85 This shift during preg
nancy may be an artifact due to increased self-referral resulting 
from increased patient attention to rectal symptoms because of 
rectal compression by the gravid uterus or from increased physi
cian detection due to frequent pelvic and rectal examinations 
during pregnancy.4 Rectal examination is essential in the evalu
ation of suspected colon cancer during pregnancy because this 
cancer often arises in the rectum during pregnancy and may then 
be palpable by digital rectal exam. Stool should be tested for the 
presence of occult blood. The finding of occult blood has a low 
positive predictive value for colon cancer or adenomas during 
pregnancy because of the low disease prevalence in this rather 
young patient population. Iron deficiency anemia is common 
during pregnancy due to increased gestational demands. Iron 
deficiency anemia, therefore, is not nearly as strongly associated 
with colon cancer in the pregnant patient as it is in the elderly 
patient.4 Patients who present with colon cancer during preg
nancy are relatively young and may therefore have predisposing 
factors, including hereditary nonpolyposis colon cancer 
(HNPCC), familial polyposis coli, Peutz-Jeghers syndrome, and 
longstanding IBD.86

During pregnancy, colon cancer often presents at an advanced 
pathologic stage attributed to delayed diagnosis.85 Advanced 
pathologic stage is highly correlated with a poor prognosis. The 
incidence of ovarian metastases from colon cancer in women is 
only about 5% but increases to about 25% in women younger 
than 40 years.87 Pregnant patients are typically younger than 40 
years and seem to have a similarly high incidence of ovarian
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metastases.4 Although abdominal CT is the imaging modality 
of choice for detection of hepatic metastases from colon cancer 
in the general population, CT is relatively contraindicated 
during pregnancy, and abdominal ultrasound is substituted for 
hepatic evaluation. This test is highly sensitive for metastatic 
lesions over 2 cm in diameter but is poorly sensitive for meta
static lesions less than 1 cm in diameter. Hepatic metastases 
typically produce discrete echogenic masses, and MRI may be 
required to detect small hepatic metastases.88 Complete colonos
copy is indicated preoperatively in nonpregnant patients for 
pathologic diagnosis and for excluding synchronous colonic 
lesions. Colonoscopy may, therefore, be necessary during preg
nancy before colon cancer surgery for the same reasons. Colo
noscopy may be technically difficult during late pregnancy 
because of colonic compression by the uterus. If the gestation is 
advanced, and the fetus is viable, it may be preferable to induce 
labor and then perform colonoscopy and cancer surgery.

Surgery is the primary curative therapy for colon cancer. 
In the absence o f distant metastases, the primary tumor is 
resected with wide surgical margins at least 5 cm beyond 
the edge o f gross tumor together with resection o f regional 
mesenteric lymph nodes. In the presence of widespread distant 
metastases, only palliative surgery is considered. The timing 
and type of surgery during pregnancy depends on gestational 
age, maternal prognosis, and intraoperative findings as well as 
maternal desires. When the cancer is diagnosed during the 
first half o f pregnancy, cancer surgery should be promptly 
performed to minimize the risk o f metastases.1 Such surgery 
can often be performed without removing the gravid uterus 
and disturbing the pregnancy.8̂  Total abdominal hysterectomy 
is recommended to facilitate access to the rectum when needed 
for intraoperative exposure, when the mother’s life expectancy 
is less than the time needed for the fetus to become viable, or 
when the cancer extends into the uterus. Otherwise, when the 
cancer appears resectable, curative surgery should be performed 
leaving the pregnancy intact.1 When the cancer is diagnosed 
during the second half o f pregnancy, cancer surgery should 
ideally be delayed until but not beyond the time that good 
neonatal outcome is normally expected— at about 32 weeks’ 
gestation— because further delay permits cancer growth and 
metastasis.1” Bilateral salpingo-oophorectomy is indicated for 
ovarian metastases. Colon cancer surgery is associated with a 
moderately increased, but still acceptable, rate of fetal death 
but is associated with a high risk of preterm delivery and low 
birthweight.89 Serum carcinoembryonic antigen (CEA) levels 
obtained before surgery provide a baseline to monitor response 
to surgery and chemotherapy. Pregnancy does not significantly 
alter the serum CEA level.90

Pregnant patients considering adjuvant chemotherapy 
should be counseled about the potential fetal risks as well as 
the potential maternal benefits. Chemotherapy is generally 
contraindicated during the first trimester and should be restricted 
during this trimester to patients with Dukes stage C cancer who 
accept a significant teratogenic risk after informed and written 
consent. Chemotherapy is much less teratogenic during the 
second and third trimesters, after organogenesis is completed. 
Patients who refused preoperative chemotherapy during the first 
trimester because of fetal teratogenicity should consider receiv
ing postoperative chemotherapy during the second trimester 
when the risk is reduced. Although pelvic radiotherapy is often 
performed for rectal cancer with local extramural extension, this 
therapy is perilous to the fetus and is contraindicated during

pregnancy. Radiotherapy is possible only after delivery or termi
nation of pregnancy.

Patients younger than 40 years generally have a poor prog
nosis from colon cancer, attributed to delayed diagnosis and 
advanced pathologic stage at diagnosis.11 Likewise, when diag
nosed during pregnancy, the maternal prognosis from colon 
cancer—whether colonic or rectal— is poor. Fetal prognosis 
depends on the pathologic stage of the maternal cancer, gesta
tional age at diagnosis, and type and timing of therapy. Fetal 
viability is endangered by severe maternal debility and malnour- 
ishment from advanced cancer because the fetus depends upon 
maternal homeostasis and nutrition for normal development. 
A few healthy infants have been born after colorectal cancer 
surgery, including abdominoperineal resection, early in preg
nancy.4 When the cancer is diagnosed late in pregnancy, the fetus 
is less affected by maternal illness because of improved fetal 
viability after delivery. The overall fetal prognosis from maternal 
colon cancer is generally relatively favorable because the diagno
sis is usually made near term. Infant survival is about 80%.4 
However, liveborn infants are often born prematurely and often 
have a low birthweight, factors associated with an increased risk 
of pulmonary complications and subsequent neurodevelopmen
tal handicaps.

Novel diagnostic modalities for colon cancer diagnosis with 
promising applications in pregnancy include VCE, in which the 
colon may be imaged by a microcamera placed within a pill
sized device swallowed by the patient,92 and a large array of 
genetic markers that detect genetic abnormalities associated with 
colon cancer in minute quantities of DNA in stool shed from 
colonic mucosa.93

Inflammatory Bowel Disease
The inflammatory bowel diseases, UC and DC, are immuno- 
logically mediated disorders that peak in incidence during a 
woman’s reproductive life. In women younger than 40 years 
o f age, the incidence o f UC is 40 to 100 per 100,000, and 
the incidence o f CD is 5 to 10 per 100,000/ UC is a colonic 
mucosal disease manifested by bloody diarrhea, crampy 
abdominal pain, and pyrexia. CD can involve any part of the 
GI tract but most commonly involves the terminal ileum or 
colon. It is characterized by diarrhea, abdominal pain, 
anorexia, pyrexia, and malnutrition. Patients with CD may 
have fistulae and anorectal disease. Extraintestinal manifesta
tions o f IBD include arthritis, uveitis, sclerosing cholangitis, 
and cutaneous lesions.

UC does not significantly affect fertility, although fertility 
decreases after colonic resection for U C .94'95 CD, however, 
m ildly decreases fertility because of extension of ileal inflamma
tion to the nearby fallopian tubes or ovaries, scarring after 
surgery of the nearby reproductive organs, and the systemic 
effects of malnutrition.91’ IBD activity is mostly independent of 
pregnancy. Patients with inactive or mild disease before con
ception tend to have the same disease activity during preg
nancy. Active disease at conception increases the likelihood 
o f active disease during pregnancy and o f a poor pregnancy 
outcome that includes spontaneous abortion, miscarriage, 
stillbirth, or premature delivery.9 98 During pregnancy, the 
onset of CD— and to a lesser extent UC— is associated with 
increased fetal loss.98

Differentiating the signs and symptoms of IBD from physi
ologic changes related to pregnancy or from other obstetric, 
gynecologic, or surgical conditions may be difficult. Nausea,

ak
us

he
r-li

b.r
u



Chapter 48 Gastrointestinal Disorders During Pregnancy 1025

TABLE 48-4 P H A R M A C O L O G IC  T H E R A P Y  FOR IN F L A M M A T O R Y  B O W E L  D IS E A S E  D U R IN G  P R E G N A N C Y _____________

FD A  C A TE G O R Y
MMCY R E C O M M E N D A T IO N  D U R IN G  P R E G N A N C Y

Relatively safe, but concern exists about sulfa moiety causing neonatal jaundice 
Mesalamine is relatively safe „
Not teratogenic in mice exposed to an analogous antibody, but clinical data are insufficient 
Believed to be relatively safe drug during pregnancy based on animal data, little clinical data, drug 

manufacturer is placing patients receiving this drug during pregnancy on a national registry 
Animal studies have not revealed fetal toxicity, and clinical data are sparse 
Loperamide is relatively safe
Avoid during first trimester (carcinogenic in rodents)
Relatively safe, concern regarding fetal adrenal function and maternal hyperglycemia; monitor 

the neonates of mothers who received substantial doses of corticosteroids during pregnancy 
Use with caution, small studies show no significant risk during pregnancy 
Avoid; a possible teratogen
Cyclosporine is embryotoxic and fetotoxic at very high doses in rats and rabbits 
Avoid starting after conception, might cause IUGR
Avoid starting after conception, might cause IUGR, teratogenic in laboratory animals 
Methotrexate is a contraindicated teratogen and abortifacient

FDA, Food and Drug Administration; IUGR, intrauterine growth restriction; TNF, tumor necrosis factor.

D R U G D U R IN G  PRE

Sulfasalazine B
Mesalamine B
Infliximab (anti-TNF) B
Adalimumab (anti-TNF) B

Certolizumab (anti-TNF) B
Loperamide B
Metronidazole B
Corticosteroids C

Ciprofloxacin C
Diphenoxylate c
Cyclosporine c
6-Mercaptopurine D
Azathioprine D
Methotrexate X

emesis, abdominal discomfort, and constipation may be noted 
during any pregnancy but may also signal a flare of IBD. The 
differential diagnosis of acute right lower quadrant abdominal 
pain in a pregnant woman with CD includes an exacerbation 
of CD, ectopic pregnancy, appendicitis, or adnexal disease. 
Pyrexia, bloody diarrhea, and weight loss suggest an exacerba
tion of CD.

The diagnostic evaluation is influenced by the pregnancy, but 
indicated tests should be performed. Laboratory evaluation 
includes a complete blood count, serum chemistry profile, and 
electrolyte determinations and takes into account the physio
logic alterations of late pregnancy to include anemia, leukocy
tosis, and hypoalbuminemia. Flexible sigmoidoscopy is well 
tolerated during pregnancy without maternal complications or 
fetal toxicity.32 Colonoscopy has been safely performed during 
pregnancy, especially during the second trimester, but the experi
ence in the first and third trimesters is relatively lim ited.2 Diag
nostic roentgenographic tests that involve ionizing radiation, 
such as abdominopelvic CT, are best deferred until after 
delivery.97

The beneficial effects o f IBD therapy on the mother and 
fetus must be weighed against the potential o f fetal toxic
ity and teratogenicity (Table 48-4; see Chapter 8). However, 
active disease poses greater risk to the fetus than most ther
apies.99 Corticosteroids are generally safe during pregnancy 
except that they may modestly increase the risk of cleft lip 
or palate, exacerbate gestational diabetes, and aggravate pre
eclampsia.100 Corticosteroids should be administered at the 
lowest possible dose during pregnancy and should be avoided 
during the first trimester, when the hard palate is forming. 
Sulfasalazine and 5-aminosalicylates are safe and should 
be used when required during pregnancy. Methotrexate 
is not safe, rather it is an abortifacient associated with con
genital skeletal malformations.101 The FDA categorizes aza
thioprine and 6-mercaptopurine (6-MP) as class D drugs 
during pregnancy, but many gastroenterologists continue 
these medications during pregnancy if required to main
tain remission.97,102 Anti-tum or necrosis factor (TNF) biologic 
therapies appear to be safer alternatives during pregnancy (see 
Table 48-4), although their safety during pregnancy is somewhat 
controversial because of limited data. One study found a high 
rate of congenital malformations reported to the FDA associated

with this drug class,103 but another study noted a low rate. 
One large investigation showed no increase in birth defects. 
This class of drugs should generally be discontinued before a 
contemplated pregnancy but may be used during pregnancy 
to control active current disease. Metronidazole is safe during 
pregnancy, but some advise avoidance during the first trimes
ter.105 The antidiarrheal agent diphenoxylate should be avoided 
during pregnancy because of case reports of teratogenicity when 
administered during the first trimester.5

Emergency surgery for toxic megacolon, intestinal obstruc
tion, or massive bleeding should be done expeditiously, whereas 
elective surgery such as fistulectomy should be performed during 
the second trimester or postpartum.98,106 Severe perianal CD 
may necessitate cesarean delivery because an episiotomy during 
vaginal delivery can exacerbate perianal disease.10

Hemorrhoids
Hemorrhoids are common in adults and are particularly 
common during pregnancy, especially during the third tri
mester or immediately postpartum, with an estimated inci
dence o f 25%  during pregnancy.108 Contributing factors 
during pregnancy include increased constipation, resulting in 
increased straining at defecation; expansion of the circulating 
blood volume, resulting in venous dilatation and engorgement; 
and vascular compression from the enlarging gravid uterus, 
resulting in venous stasis.'1 Hemorrhoids above the dentate line 
are internal, whereas those below the dentate line are external.

Hemorrhoids characteristically produce a clinical triad of 
bright red blood per rectum that resembles the color o f arte
rial blood; blood coating, rather than blood admixed with 
stool; and postdefecatory bleeding, most commonly noted 
on the toilet paper.111 Other clinical manifestations include 
anorectal discomfort, pruritus, or pain associated with prolapse, 
thrombosis, or incarceration of hemorrhoids.

W hen the pain from external hemorrhoids is mild to moder
ate, recommended conservative treatment includes stool soften
ers, a high-fiber diet, increased liquid intake, topical analgesics, 
and warm sitz baths.21 Therapy for hemorrhoids is primarily 
directed at treating the constipation. Hemorrhoidectomy can be 
safely performed during pregnancy using local anesthesia for 
severely painful or acutely thrombosed external hemorrhoids. 
General measures for internal hemorrhoids similarly include
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fiber supplements, fluids, and a high-fiber diet to decrease con
stipation; switching to a slow-release iron supplement to m iti
gate the constipating effects of iron; topical local anesthetics for 
anorectal discomfort; skin protectants applied after defecation 
to reduce anal pruritus; and avoidance of straining during bowel 
movements.21 Therapies for severe or refractory symptoms from 
internal hemorrhoids include band ligation, injection, sclero
therapy, and coagulation. These therapies are generally safe and 
effective during pregnancy.110 Invasive therapy, however, is rarely 
necessary for external or internal hemorrhoids because the symp
toms spontaneously resolve soon after delivery.108

Mesenteric Ischemia and Infarction
Bowel infarction can occur during pregnancy secondary to intes
tinal obstruction or mesenteric venous thrombosis.111 Digoxin, 
ergot alkaloids, cocaine, and other vasoconstrictors are also 
associated with mesenteric ischemia.11'  M ild hypercoagulability 
from hyperestrogenemia during pregnancy may contribute to 
a m ildly increased risk of mesenteric ischemia compared with 
other middle-aged patients, but this risk is not high because 
mesenteric ischemia is predominantly a disease of the elderly. 
Patients with mesenteric venous thrombosis typically have an 
insidious onset of poorly localized abdominal pain with a rela
tively unremarkable physical examination.113 The thrombosis 
is diagnosed by the noninvasive modalities of MRI or CT 
scanning and by the invasive modality of the venous phase of 
angiography. Hematologic evaluation for hypercoagulopathy is 
recommended.111

Irritable Bowel Syndrome
The irritable bowel syndrome (IBS) is most common in younger 
women, and the pathogenesis is poorly defined. Both intestinal 
motor and sensory abnormalities, particularly hyperalgesia, have 
been described.111 IBS is diagnosed, according to the Rome
III criteria, by the presence o f both abdominal pain and 
disordered defecation for at least 6 months with at least 
two o f the following: (1) pain relief by a bowel movement,
(2) onset o f pain related to a change in stool frequency, and
(3) onset o f pain related to a change in stool appearance.111 
Endoscopic, radiologic, and histologic intestinal studies 
reveal no evident organic disease. Young women typically 
have diarrhea-predominant IBS but sometimes have primar
ily constipation or alternating diarrhea and constipation. 
Abdominal bloating and distension are common symptoms.

Few data exist concerning the effect of pregnancy on IBS.116 
The onset of IBS typically predates the pregnancy and rarely 
begins during pregnancy. IBS is believed to be generally mild 
during pregnancy,11 and gestational hormones—particularly 
progesterone— may exacerbate the symptoms o f IBS."8 Pre
sumed IBS in the absence of warning signs or symptoms such 
as rectal bleeding, pyrexia, or weight loss should not require 
invasive tests such as sigmoidoscopy. However, signs and symp
toms of organic disease such as rectal bleeding or involuntary 
weight loss should not be attributed to IBS without proper 
evaluation. In particular, sigmoidoscopy is indicated for signifi
cant nonhemorrhoidal rectal bleeding during pregnancy.26

Symptoms o f IBS are best treated during pregnancy by 
dietary modification or behavioral therapy rather than with 
systemic drugs.110 Patients with diarrhea-predominant IBS may 
benefit from elimination of foods from the diet that precipitate 
diarrhea, such as alcohol, caffeinated beverages, poorly digestible 
sugars, and fatty foods. Pregnant patients usually consume large

amounts of dairy products in their diet to ensure adequate 
calcium intake, and some may benefit from lactase supplements 
when ingesting dairy products. Dietary fiber and fluid ingestion 
may improve constipation-predominant IBS. Polysaccharide 
bulking agents, such as methylcellulose, appear to be safe because 
of a lack of systemic absorption. '’ IBS is not believed to affect 
fertility and pregnancy outcome in the absence of nutritional 
deficiencies or concomitant disorders.116

Splenic Artery Aneurysm Rupture
Splenic artery aneurysm rupture is associated with preg
nancy, possibly because o f the effects o f gestational hormones 
on the elastic properties o f the arterial wall. Rupture most 
commonly occurs in the third trimester. Patients typically 
present suddenly in hemorrhagic shock with left upper quadrant 
abdominal pain and free intraperitoneal fluid. The diagnosis is 
suggested by demonstration of a calcified rim from the aneurysm 
on plain abdominal roentgenogram and is confirmed by abdom
inal CT scanning or angiography. Treatment consists of fluid 
resuscitation and prompt surgery, with ligation of the splenic 
artery and splenectomy. The maternal mortality exceeds 75%, 
and the fetal mortality exceeds 90% .120 Splenic artery aneurysms 
should therefore be surgically corrected even if  asymptom
atic.120121 Abdominal aortic and renal aneurysms can also rupture 
during pregnancy.

SUMMARY

The differential diagnosis of abdominal symptoms and 
signs is particularly extensive in pregnancy. The differential 
includes GI, obstetric, gynecologic, and other disorders 
that are related or unrelated to the pregnancy. The patient 
history, physical examination, laboratory data, and radio
logic findings usually provide the diagnosis of abdominal 
disorders during pregnancy. The pregnant woman has 
physiologic alterations that affect the clinical presentation, 
including atypical normative laboratory values. Abdominal 
ultrasound is generally the recommended radiologic 
imaging modality. MRI may be performed as indicated, 
and gadolinium administration should be avoided during 
the first trimester. Flexible sigmoidoscopy and EGD can 
be performed during gestation when indicated. Concerns 
about the fetus may occasionally lim it the pharmacother
apy during pregnancy. Early diagnosis is critical to improve 
maternal and fetal survival, which have recently improved 
for many life-threatening GI conditions— such as 
appendicitis— because of improved diagnostic modalities, 
better maternal and fetal monitoring, improved laparo
scopic technology, and earlier and better therapy.

KEY POINTS

♦ The differential diagnosis of GI symptoms and signs 
such as abdominal pain is particularly extensive during 
pregnancy. Aside from GI and other intraabdomi
nal disorders incidental to pregnancy, the differential 
includes obstetric, gynecologic, and GI disorders related 
to pregnancy.
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♦ Pregnancy can affect the clinical presentation, frequency, 
or severity of GI diseases. For example, gastroesopha
geal reflux disease markedly increases in frequency, 
and peptic ulcer disease decreases in frequency or may 
become inactive during pregnancy.

♦ Abdominal ultrasound is the safest and most commonly 
used abdominal imaging modality to evaluate GI condi
tions during pregnancy. Other common abdominal 
imaging modalities, particularly computed tomography, 
raise serious concerns about fetal safety.

♦ Esophagogastroduodenoscopy and flexible sigmoidos
copy can be performed when strongly indicated during 
pregnancy, such as for significant acute upper and lower 
GI bleeding, respectively.

♦ Most GI drugs appear to be relatively safe for the fetus 
(FDA categories B and C) and can be used with caution 
when clearly indicated during pregnancy, especially 
during the second and third trimesters after organogen
esis has occurred. Drugs to be avoided during pregnancy 
include methotrexate (category X), some chemothera
peutic agents, and a few antibiotics.
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Chapter 49 Neurologic Disorders in Pregnancy 1031

EPILEPSY AND SEIZURES
Epilepsy affects approximately 1% o f the general population 
and is the most frequent major neurologic complication 
encountered in pregnancy. It is important that the practicing 
obstetrician becomes familiar with the basic treatment of epi
lepsy and the implications for the patient and fetus. M any of 
the antiepileptic drugs (AEDs) used to treat epilepsy are also 
used to treat psychiatric and pain disorders and are commonly 
prescribed to women of childbearing age; this makes an under
standing of their implications for pregnancy imperative for any 
clinician managing these patients.

A diagnosis o f epilepsy is made in the setting o f two 
unprovoked seizures or one seizure in a patient with clinical 
features that make a second seizure likely, such as findings 
on brain magnetic resonance imaging (MRI) or electroen
cephalogram (EEG) that are consistent with a diagnosis of 
epilepsy or a family history o f epilepsy. Epilepsy syndromes 
can be divided into g e n e r a l iz ed  and f o c a l  epilepsies. An epi
lepsy syndrome is defined by the constellation of clinical features 
of a patient’s seizures as well as their imaging and EEG findings. 
It is important to note that both types of epilepsy syndromes 
can present with a wide spectrum of seizure types. Convulsions 
or tonic-clonic seizures, colloquially referred to as “generalized” 
seizures, can occur in patients with either generalized or focal 
epilepsies. It is important to work with a patient’s neurologist 
to have an understanding of the patient’s epilepsy syndrome 
because this has significant implications for treatment and also 
sometimes gives insight into the etiology of the patient’s seizure 
disorder. It may also have a role in predicting the course of the 
seizure disorder during pregnancy.

Genetic generalized epilepsies, also known as id iopathic 
gen era liz ed  epilepsies, are presumed to be genetic in origin, 
although most cases do not exhibit a mendelian inheritance 
pattern or have varying degrees of penetrance; first-degree rela
tives are often not affected. Patients with genetic generalized 
epilepsy can have myoclonic, absence, or tonic-clonic seizures. 
They may have only one or a combination of those seizure 
types. These patients are typically treated with “broad-spectrum” 
AEDs that include lamotrigine, levetiracetam, topiramate, 
valproate, and zonisamide. The majority of other AEDs— 
including, but not lim ited to, carbamazepine, gabapentin, oxcar- 
bazepine, phenytoin, and pregabalin— are considered “narrow 
spectrum” and can provoke myoclonic or absence seizures in 
patients with genetic generalized epilepsies, even if  the patient 
does not have a history of these seizure types. The newest AEDs, 
such as lacosamide and perampanel, are approved for treatment 
of focal epilepsies but are being studied for use in generalized 
epilepsies.

Focal epilepsy is the most common type o f epilepsy in 
adult patients. Whereas the etiology of most focal epilepsies 
often remains unknown, an underlying cause must be ruled out 
because they may occur secondary to an acquired abnormal
ity such as a tumor, vascular malformation, brain injury, or 
infectious or autoimmune disorder that affects the brain. 
An increasing number of genetic causes of focal epilepsies have 
also been identified recently, including some with autosomal- 
dominant inheritance patterns. Patients with focal epilepsy may 
present with focal seizures with or without loss of consciousness, 
previously known as sim ple pa rtia l and complex pa rtia l seizures, 
and/or focal seizures that progress to a tonic-clonic seizure, pre
viously known as a secondarily gen era liz ed  seizure.

The manifestations of focal seizures depend on where in the 
brain the seizure begins. The most commonly encountered focal 
epilepsy is temporal lobe epilepsy, which frequently presents 
with focal seizures with loss of awareness. These seizures are 
characterized by alteration of awareness that typically lasts 30 
seconds to 2 minutes and may be accompanied by semipurpose
ful movements of the face and hands. The break in awareness is 
often underreported by patients and even their family members 
because patients do not remember this part of the seizure, and 
they may seem to observers to be interacting with their environ
ment. These seizures can be preceded by an aura, such as a 
feeling of fear or an “epigastric rising,” a sensation that begins 
in the stomach and that may rise to the chest and head, but an 
aura also may not be present or remembered. These seizures have 
the potential to progress to tonic-clonic seizures. Patients with 
focal epilepsy can be treated with broad- or narrow-spectrum 
AEDs; however, if  the diagnosis is uncertain, it is best to begin 
with broad-spectrum drugs. The choice of the first AED usually 
depends on characteristics of the patient and the side effects of 
the drug. In women of childbearing age, the teratogenic poten
tial of the AEDs should be a strong consideration; this will be 
discussed below.

Most women with epilepsy will need to remain on AEDs 
during their childbearing years and throughout pregnancy. 
Exceptions include patients with childhood epilepsy, which can 
remit in adulthood. In select cases of adult-onset epilepsy, 
patients who have been seizure free for 2 to 4 years may attempt 
to wean from seizure medications under a neurologist’s supervi
sion. Several factors that include the patient’s seizure pattern and 
MRI and EEG findings affect this decision. Seizure freedom in 
the 9 months prior to pregnancy predicts a good chance of 
seizure control during pregnancy.1 Thus in an appropriate 
patient who wanted to stop AED therapy before pregnancy, 
weaning her off seizure medication should be started at least 1 
year before becoming pregnant. Unfortunately, women with 
epilepsy may abruptly stop all medications as soon as they 
find out that they are pregnant,2 which puts both the mother 
and fetus at risk.

Uncontrolled seizures increase the risk o f maternal injury 
and death and potentially expose the infant to transient 
anoxia.3 The direct fetal effects of seizures during pregnancy have 
only been studied in a few case reports. Tonic-clonic seizures 
during delivery were associated with fetal bradycardia followed 
by tachycardia in two cases, although the infants were reportedly 
unaffected on delivery.4 Fetal death at 33 weeks’ gestation 
was associated with intraventricular hemorrhage in one patient 
following a tonic-clonic seizure; the patient had had three tonic- 
clonic seizures in pregnancy.5 Focal seizures with loss of con
sciousness were associated with prolonged uterine contraction in 
one patient reported by Nei and colleagues.6 The fetal heart rate 
also fell from 140 to 78 beats/min. In a population-based study 
from Taiwan, Chen and colleagues7 studied 1016 pregnant 
women with epilepsy. Women with seizures during pregnancy 
had increased risks of preterm delivery (odds ratio [OR], 1.63), 
small-for-gestational-age (SGA) infants (OR, 1.37), and low- 
birthweight infants (OR, 1.36) compared with women without 
epilepsy. When compared with women with epilepsy but without 
tonic-clonic seizures during pregnancy, patients with seizures 
had an increased risk of SGA infants (OR, 1.34).

Two studies have raised significant alarm about the risk of 
epilepsy in pregnancy. The U.K. confidential inquiry into mater
nal deaths found that women with epilepsy were 10 times
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1032 Section VI Pregnancy and Coexisting Disease

more likely to die during pregnancy or during the postpar
tum period.8 Similarly, a recent study by MacDonald and asso
ciates9 evaluated delivery hospitalization records in the United 
States and also reported a more than tenfold increase in deaths 
during delivery in women with epilepsy. In the U.K. study, 3 of 
14 maternal deaths appeared to be directly related to complica
tions of seizures (drowning, hypoxia, trauma), and the other
11 were attributed to sudden unexpected death in epilepsy 
(SUDEP),10 defined as the sudden and unexpected, nontrau- 
matic, and nondrowning death o f a person with epilepsy 
without a detected toxicologic or anatomic cause o f death. 
Mechanisms of SUDEP are uncertain, but risk factors include 
refractory and tonic-clonic seizures and noncompliance with 
medications. The U.K. inquiry pointed out that 8 of the 14 
women with epilepsy who died in their cohort had not been 
referred to a provider with knowledge of epilepsy and had not 
received prepregnancy counseling. Additionally, they noted that 
one third of the women had difficult social circumstances that 
may have limited their access to care. Domestic abuse was 
present in at least two cases, and one patient had schizophrenia.8 
The causes of maternal mortality in the U.S. population study 
are not known, but it was observed that these patients had an 
increased risk of major comorbidities that included diabetes, 
hypertension, psychiatric conditions, and alcohol and substance 
abuse.11 They were also at increased risk of preeclampsia, preterm 
labor, stillbirth, and cesarean delivery. ’

Whereas these two studies that describe increased mortality 
in women with epilepsy point to the importance of further 
research into the optimal management of pregnant women with 
epilepsy and their comorbidities, they should be put into context 
for women with epilepsy so as not to deter them from pursuing 
pregnancy. Although the relative risk was significantly increased, 
the absolute risk of maternal death in women with epilepsy in 
the study by MacDonald and colleagues9 was 80 per 100,000 
births (0.08%). Similarly, Edey and colleagues10 analyzed the 
U.K. inquiry and estimated the rate of deaths during pregnancy 
and the postpartum period among women with epilepsy to be 
100 per 100,000 births (0.1%). These studies do point to the 
need for close medical supervision of pregnancies in women 
with epilepsy and the importance of prepregnancy counseling 
and planning. The obstetrician and neurologist must work 
closely together to guide the patient through her pregnancy. 
Through this cooperation, the majority o f pregnant women 
with seizure disorders can have a successful pregnancy with 
minimal risk to mother and fetus.

EPILEPSY AND FERTILITY
Epilepsy and epilepsy treatment may adversely affect fertility 
in some women. Several population studies have demon
strated that birth rates are lower in both men and women 
with epilepsy compared with unaffected individuals.1 215 In
many studies these decreased birth rates were not explained by 
lower marriage rates in patients with epilepsy. However, these 
epidemiologic studies are unable to control for nonbiologic 
factors that may affect reproduction rates, such as decreased 
libido, which has been reported in patients with epilepsy, or 
patients’ concerns about having a child because of fears about 
the implications of the condition or their medications. Sukuma- 
ran and colleagues16 prospectively followed 375 Indian women 
trying to conceive and found that 38.4% were infertile after at 
least 1 year of trying to conceive. Risk factors for infertility

include taking AEDs, particularly multiple AEDs. However, age 
and lower educational level also played a role in the study.

M any lines of evidence suggest that potentially, both epilepsy 
and AEDs may have adverse effects on reproductive function. 
Seizures, particularly temporal lobe seizures, are known to 
disrupt the hypothalamic-pituitary-gonadal axis, and certain 
AEDs can affect sex steroid metabolism and sex hormone 
binding globulin concentrations. Increased risks of polycystic 
ovarian syndrome, premature ovarian insufficiency, and hypogo- 
nadotropic hypogonadism have been reported in women with 
epilepsy.17,18 Miscarriage rates, however, do not seem to be 
increased in women with epilepsy.1

EPILEPSY AND PREGNANCY 
Teratogenic Effects of Antiepileptic Drugs
Women with epilepsy are at increased risk o f having pregnan
cies complicated by major congenital malformations. This 
risk appears to be related to exposure to AEDs during preg
nancy rather than the epilepsy.20 Not all AEDs are the same 
in terms of their teratogenic potential or the patterns of malfor
mations with which they are associated (see Chapter 8). Over 
the past 15 years, prospective studies of the effects of AEDs on 
teratogenesis have largely replaced older retrospective case series. 
A few prospective studies of the cognitive effects of AED expo
sure during pregnancy have also been pivotal in our understand
ing of AED-associated risks. The most well-studied AEDs in 
pregnancy are valproate, carbamazepine, and lamotrigine. Of 
these drugs, valproate has been consistently demonstrated to 
carry a risk o f major congenital malformations significantly 
greater than that o f other AEDs and baseline population 
rates, typically 1%  to 3% depending on the study popula
tion. It has also been clearly associated with adverse cognitive 
and behavioral developmental outcomes.

Lamotrigine has been associated with relatively low rates of 
teratogenesis, and although cognitive data are mostly reassuring, 
this still needs further clarification. Levetiracetam is less well 
studied, but promising early data have led to a dramatic increase 
in its use in pregnant women and those planning pregnancy. 
Lamotrigine and levetiracetam are now the most commonly 
prescribed AEDs for women o f childbearing age. 21 Carbam
azepine also appears to be a reasonable choice for women who 
plan to conceive, although its use has been declining in this 
population.21

The section below summarizes the available information on 
the best-studied and most prescribed AEDs. The majority of 
the information we have on structural teratogenesis is derived 
from several international pregnancy registries (Table 49-1). It 
is important to note that each of these registries uses slightly 
different methodologies in regard to means of recruitment, 
infant assessment control groups, and duration of follow-up.22 
These differences account for some of the variability in results; 
however, when the findings are looked at in aggregate, clear 
patterns emerge regarding the relative teratogenic risk of indi
vidual AEDs.

Valproate
Rates o f major congenital malformations with first-trimester 
exposure to valproate monotherapy range from 4.7% to
13.8% .23'27 In the two largest prospective cohorts from the 
United Kingdom and Ireland (1290 valproate exposures)28 and 
the European Registry of Antiepileptic Drugs and Pregnancy
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Chapter 49 Neurologic Disorders in Pregnancy

TABLE 49-1 RATE OF MAJOR CONGENITAL MALFORMATIONS WITH INDIVIDUAL ANTIEPILEPTIC DRUGS WHEN
____________ USED AS MONOTHERAPY_______________________________________ ____________________________

RATE OF M AJO R  CO NG ENITAL M ALFO R M ATIO N S W ITH IN D IV ID U A L 
ANTIEPILEPTIC DRUGS AS M O NO THERAPY*

REGISTRY STU D Y CBZ GBP LTG LEV OXC PHB PHT TPM VP A

Australian Pregnancy Vajda, 2014 5.5% 0% 4.6% 2.4% 5.9% 0% 2.4% 2.4% 13.8%

Registry (346) (14) (307) (82) (17) (4) (41) (42) (253)
Danish Registry Molgaard, 2011 1.7% 3.7% 0 % 2 .8% 4.6%

(59) (1019) (58) (393) (108)

EURAP Tomson, 2011 5.6% 2.9% 1 .6% 3.3% 7.4% 5.8% 6.8% 9.7%
(1402) (1280) (126) (184) (217) (103) (73) (1010)

Finland National Birth Artama, 2005 2.7% 10.7%
Registry (805)

2 .2%
(263)

GSK Lamotrigine Cunnington, 2011
Registry (1558)

4.2% 9.3%North American AED Hernandez, 2012 3.0% 0.7% 2 .0% 2.4% 2 .2% 5.5% 2.9%
Pregnancy Registry (1033) (145) (1562) (450) (182) (199) (416) (359) (323)

Norwegian Medical Veiby, 2014 2.9% 3.4% 1.7% 1 .8% 7.4% 4.2% 6.3%
Birth Registry (685) (833) (118) (57) (27)

6.7%
(48) (333)

Swedish Medical Birth Tomson, 2012 2.7% 0% 2.9% 0% 3.7% 14% 7.7% 4.7%
Registry (1430) (18) (1100) (61) (27) (7) (119) (52) (619)

U.K./Ireland Campbell, 2014 2 .6% 3.2% 2.3% 0.7% 3.7% 9% 6.7%

pregnancy registry Mawhinney, 2013 (1657) (32) (2098) (304) (82) (203) (1290)
Morrow, 2006 
Hunt, 2008

Data from Gerard E, Pack AM. Pregnancy registries: what do they mean to clinical practice? Curr N eurol N eurosci Rep. 2008;8(4):325-332.
*N u m b e rs  in  pa re n th e se s  in d ic a te  n u m b e r  o f  p re g n a n c ie s  e n ro lle d .
AED, a n t ie p i le p t ic  d ru g ;  CBZ, ca rb a m a z e p in e ; GBP, g a b a p e n tin ; LEV, le v e tira c e ta m ; LTG, la m o tr ig in e ;  OXC, o x c a rb a z e p in e ; PHB, p h e n o b a rb ita l;  PHT, p h e n y to in ;  TPM, to p ira m a te ;  

VPA, v a lp ro ic  a c id .

(EURAP, 1010 valproate exposures),29 the malformation rates 
were 6.7% and 9.7%, respectively.

In the European Surveillance of Congenital Anomalies 
(EUROCAT) database, a population-based database of 14 
European countries, valproate exposure was associated with an 
increased risk of several specific defects.30 Compared with control 
pregnancies, those exposed to valproate monotherapy were at 
statistically increased risk for spina bifida (OR, 12.7), craniosyn- 
ostosis (OR, 6.8), cleft palate (OR, 5.2), hypospadias (OR, 4.8), 
atrial septal defects (OR, 2.5), and polydactyly (OR, 2.2). These 
numbers, however, describe only relative risk and can be hard 
for a patient to understand. Tomson and Battino ' compiled 
the data o f 22 prospective studies that reported on specific 
AED-associated malformations and reported the absolute 
risks o f neural tube defects (NTDs, 1.8%), cardiac malforma
tions (1.7%), hypospadias (1.4%), and oral clefts (0.9%).

In addition to significantly increasing the risk of birth defects, 
valproate exposure during pregnancy has also been associ
ated with cognitive and behavioral teratogenesis. Two pro
spective studies of children exposed to AEDs in utero have 
recently been published, the Neurodevelopmental Effects of 
Antiepileptic Drugs (NEAD) study31 and a study by the Liver
pool and Manchester Neurodevelopmental Group (LMNG).' 
Both recruited women with epilepsy in the first trimester of 
pregnancy and followed the development of their children until 
age 6. In contrast to many earlier studies of the cognitive effects 
of AEDs, both of these investigations controlled for several 
important confounding variables, including maternal intelli
gence quotient (IQ)— an important predictor of a child’s cogni
tive performance. O f note, the two studies did overlap: 92 
children from the LMNG study were also enrolled in the NEAD 
study. The NEAD study ultimately evaluated 224 children at 
age 6 who had been exposed to carbamazepine, lamotrigine, 
phenytoin, or valproate monotherapy. The LMNG study

assessed 198 six-year-old children born to women with epilepsy 
who took AED monotherapy (n = 143) or polytherapy (n = 30) 
or no medication (n = 25) during pregnancy and a control group 
of 210 children of the same age. In the NEAD study, exposure 
to valproate monotherapy was associated with a significant 
decrease in mean full-scale IQ  (FSIQ) by 7 to 10 points com
pared with children exposed to carbamazepine, lamotrigine, or 
phenytoin. The LMNG found that exposure to first-trimester 
doses of valproate greater than 800 mg/day was associated with 
a significant decrease in FSIQ by 9.7 points when compared 
with a control group.32 The mean FSIQ of children exposed to 
low valproate doses (<800 mg/day) was also lower than that of 
controls, but this did not meet statistical significance. The low- 
dose group, did, however, have significantly lower verbal IQ 
scores and an increased need for educational intervention.3'

A population study that utilized the National Psychiatric 
Registry and birth registries in Denmark found that school-age 
children whose mothers were prescribed valproate monotherapy 
during pregnancy had a significantly increased risk of receiving a 
formal diagnosis of autism or autism spectrum disorder (ASD).33 
In the valproate-exposed cohort, the absolute risk of autism was 
2.5%, whereas the rate in the general population was 0.48%, 
and the risk of ASD was 4.42%, with a baseline risk of ASD of 
1.53%. The rates of autism and ASD in children born to mothers 
with epilepsy who did not take valproate during pregnancy did 
not differ from baseline population rates. A recent nested study31 
from the Australian Pregnancy Registry also found that of 26 
children between 6 and 8 years of age who were exposed to 
valproate monotherapy, one tested in the “autistic range” and 
one tested in the “concern for autistic range” on a standardized 
assessment. The overall risk of autistic traits was 7.7% in the 
monotherapy group. In this study, the risk of autistic traits was 
greatest in the valproate polytherapy group (7/15; 46.7%) and 
was dose related in the valproate monotherapy group.
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1034 Section VI Pregnancy and Coexisting Disease

The LMNG also found an increased risk of behavioral abnor
malities in their antenatally recruited cohort at 6 years of age. 
Because of the relatively smaller numbers in this cohort, the 
study examined the aggregate risk of several different neuro
developmental disorders (NDDs) in exposed children, includ
ing autism and ASD, attention-deficit/hyperactivity disorder 
(ADHD), and dyspraxia as based on diagnoses received from 
professionals outside of the study. An NDD was diagnosed in 
12% of 50 children exposed to valproate monotherapy and in 
15% of 20 children exposed to valproate in polytherapy.35 These 
rates were significantly elevated compared with an NDD rate of 
1.87% in the 214 control children.

Carbamazepine
In its 2009 guidelines, the American Academy o f Neurology 
(AAN) stated, “Carbamazepine probably does not substan
tially increase the risk o f major congenital malformations 
in the offspring o f women with epilepsy.”3'’ This conclusion 
was based on one class I study3 from the United Kingdom and 
the Ireland Pregnancy Registry that did not find a difference 
between the rate of malformations in carbamazepine-exposed 
pregnancies and those of an internal control group. At the time, 
carbamazepine was the only medication that the AAN felt had 
strong enough evidence to support this conclusion. Across seven 
pregnancy registries, rates of major malformations in pregnan
cies exposed to carbamazepine monotherapy have ranged from 
2.6% to 5.5% .23’29 The two largest studies, the United Kingdom 
and Ireland Pregnancy Registries (n = 1657) and the EURAP 
registry (n = 1402) reported rates of 2.6% and 5.6%, respec
tively. Of note, the two registries that reported higher rates of 
major anomalies with carbamazepine exposure— the Australian 
and EURAP registries— both follow the exposed infants to 1 
year and beyond, whereas the other registries performed the last 
assessment for malformations at birth or 3 months.22 In the 
EURAP registry, malformations that were most likely to be 
picked up between 2 and 12 months were cardiac, hip, and renal 
malformations/4 The rates of anomalies increased for several 
drugs at the later assessment, but rates with carbamazepine were 
most affected.

In the EUROCAT database, carbamazepine exposure was 
specifically associated with an increased risk of NTDs compared 
with unexposed controls (OR, 2.6; 95% confidence interval 
[CI], 1.2 to 5.3).38 However, the risk of spina bifida with car
bamazepine exposure was still significantly lower than the risk 
with valproate (OR, 0.2; 95% CI, 0.1 to 0.6) and was not dif
ferent from the risk of exposure to other AEDs when valproic 
acid was excluded. The EUROCAT study did not find a specific 
association between carbamazepine exposure and other major 
malformations that included oral clefts, diaphragmatic hernia, 
hypospadias, and total anomalous venous return.38 In the com
piled registry data prepared by Tomson and Battino,24 the abso
lute risks of certain anomalies with exposure to carbamazepine 
monotherapy were reported for NTDs (0.8%), cardiac malfor
mations (0.3%), hypospadias (0.4%), and oral clefts (0.36%).

Early studies of carbamazepine’s effect on cognitive develop
ment were conflicting, and many were limited by retrospec
tive design or did not control for important confounders. A 
Cochrane review39 of prospective studies published prior to 
2014 concluded that the reported effects of carbamazepine on 
developmental scores were largely accounted for by variability 
between studies and identified no clear risk of delayed develop
ment in infants and toddlers exposed to carbamazepine. The

meta-analysis also reported no evident adverse effect of carba
mazepine exposure on the IQ  of school-age children.39 In the 
NEAD study, no specific effects of carbamazepine exposure on 
IQ  were identified when this group of children was compared 
with the lamotrigine- and phenytoin-exposed cohorts at age 6.31 
The recent LMNG study also found no difference in the adjusted 
mean IQ  scores between the 6-year-old carbamazepine-exposed 
children and controls, but verbal IQ  was 4.2 points lower in 
the exposed children. Additionally, the relative risk of having an 
IQ  below 85 was significantly increased in the carbamazepine 
cohort.32 Both the NEAD and LMNG studies demonstrated 
that, compared with valproate exposure, prenatal carbamazepine 
exposure was less likely to be associated with adverse cognitive 
effects.31,32

The LMNG found no increased risk for formally diagnosed 
NDDs at 6 years in the carbamazepine-exposed children when 
compared with controls.35 The large Danish population study 
by Christensen and colleagues33 also found no increased risk of 
autism or ASD in teenagers and children with prenatal carbam
azepine exposure. An earlier study in Aberdeen, Scotland 
reported that two of 80 (2.5%) of carbamazepine-exposed chil
dren had an ASD, which is above the population rate (0.25%) 
but lower than that of the valproate group (8.9% ).40 These find
ings are limited by the small number of cases, the absence of a 
control group, and retrospective recruitment of only 41% of the 
original AED-exposed cohort, which potentially introduced a 
selection bias. The more recent study34 of autistic traits from the 
Australian Registry also recruited mothers retrospectively from 
the prospectively identified cohort (63% enrollment). This study 
reported scores consistent with autism in one of 34 children 
exposed to carbamazepine and scores that raised “concern for 
autism” in another child based on a standardized assessment. 
The overall rate of autistic traits was 5.9%. The authors advise 
that this increase should be interpreted with caution because no 
discernable dose-effect of carbamazepine and no increased risk 
were seen in pregnancies exposed to polytherapy regimens that 
excluded valproate. The majority of these polytherapy regimens 
did include carbamazepine.34

Lamotrigine
Rates o f major malformations with lamotrigine exposure 
have been consistently low and range from 2% to 4.6%, 
across eight prospective registries.2' 29,41,42 Initially, the North 
American AED Pregnancy Registry (NAAPR) reported a tenfold 
increased risk in oral clefts with lamotrigine monotherapy expo
sure. However, with a larger sample size, this risk was reevaluated 
and reported as a fourfold increased risk (absolute risk with 
lamotrigine, 0.45% ).26 A case-control study,43 however, found 
no specific increased risk of oral clefting with lamotrigine, and 
other registries have reported much lower rates of clefting with 
lamotrigine exposure (0.1% to 0.25% ).37,41,44 The absolute risks 
of clefting reported by Tomson and Battino24 was 0.15%. The 
composite risk of other specific malformations in this review 
were 0.6% for cardiac defects, 0.12% for NTDs, and 0.36% for 
hypospadias.24

In two independent cohorts from the United Kingdom, 
developmental scores o f infants prenatally exposed to 
lamotrigine did not differ from those o f controls.45,46 In
the LMNG cohort, at 6 years of age, the IQ  scores of the 
lamotrigine-exposed children did not differ from those of con
trols.32 Additionally, in the NEAD study, FSIQ scores in chil
dren exposed to lamotrigine were significantly higher than those
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Chapter 49 Neurologic Disorders in Pregnancy 1035

of valproate-exposed children and did not differ from those 
of carbamazepine- or phenytoin-exposed children.31 However, 
both valproate and lamotrigine exposure were associated with 
decreased verbal IQ  relative to nonverbal IQ.31 In a Norwegian 
population-based mail survey, parents of lamotrigine-exposed 
infants also reported impaired language functioning and an 
increase in autistic traits observed in their children.'1 Parental 
ratings of the 6-year-old children prenatally exposed to lamotrig
ine in the NEAD study suggested that they may be at increased 
risk for ADHD, but the teacher ratings in a subgroup of these 
children did not substantiate this finding, and no tendency 
toward social impairment was detected.48 In contrast to these 
parental observations, the LMNG found no increased risk of 
formally diagnosed NDDs in lamotrigine-exposed children,35 
and the population study by Christensen and colleagues33 found 
no increased risk of autism or ASD.

Levetiracetam
Levetiracetam is a relatively new AED, and to date, just over 
1000 pregnancies have been reported across eight prospective 
registries, which have each recruited relatively small cohorts. The 
major malformation rates across these registries range from 0% 
to 2.4%.24'27’29’41'49 Developmental effects of levetiracetam have 
been assessed in one study of 51 levetiracetam-exposed children 
recruited from pregnancies identified in the U.K. Epilepsy and 
Pregnancy Register.50 At 36 to 54 months, the developmental 
scores of the exposed children did not differ from those of con
trols but were better than a group exposed to valproate. Because 
this is the only investigation of developmental outcomes with 
levetiracetam exposure, it will need to be replicated in future 
studies.

Phenytoin
Despite the fact that phenytoin is one of the oldest AEDs still in 
use, little certainty exists in regard to its teratogenic implications. 
In 1975, Hanson and Smith" described a specific fetal hydan
toin syndrome associated with in utero phenytoin exposure.
They noted growth and performance delays and craniofacial 
abnormalities that included clefting and limb anomalies, includ
ing hypoplasia of nails and distal phalanges. They later reported 
that this was present in 11% of 35 exposed infants and that 
31% of exposed infants had some aspects of the syndrome.52 
Yet other studies have not substantiated this. In 1988, Gaily and 
colleagues53 reported no evidence of the hydantoin syndrome in 
82 women exposed in utero to phenytoin. Some of the patients 
had hypertelorism and hypoplasia of the distal phalanges, but 
none had the full hydantoin syndrome. The true prevalence of 
this syndrome and contributing factors has not been established, 
and it has largely fallen out of current literature.

The more recent pregnancy registries have not focused on the 
description of syndromes. Of note, the major malformations 
studied in these registries do not include many of the skeletal 
abnormalities included in the fetal hydantoin syndrome. Rates 
of anomalies in these registries have ranged from 2.4% to 6.7% 
across five registries,24,2̂ 27,2937 but only 761 pregnancies have 
been enrolled in these studies, and the individual cohorts are 
small. The largest cohort studied in the NAAPR published a 
major malformation rate of 2.9% among 416 phenytoin-exposed 
pregnancies.26 Tomson and Battino24 reported the rates o f spe
cific malformations with phenytoin exposure: 0.4%  for 
cardiac malformations, 0% for NTDs, 0.2%  for oral clefts, 
and 0.5%  for hypospadias.

The cognitive implications of phenytoin exposure have only 
been evaluated in a few prospective studies. The 2014 Cochrane 
review39 found that the methodologies of these studies were too 
disparate to perform a meta-analysis. The review concluded that 
phenytoin exposure was associated with better developmen
tal and cognitive outcomes than valproate exposure and that 
no discernable differences between phenytoin and carba
mazepine exposure were present in terms o f development and 
IQ. In the NEAD study, average FSIQ and verbal IQ  scores of 
the phenytoin-exposed children were significantly higher than 
those of the valproate-exposed cohort and were not different 
from those of children exposed to carbamazepine or lamotrigine. 
Because the study did not include an unexposed control group, 
it is unknown whether the phenytoin group would differ from 
unexposed children.31 In terms of behavioral effects, Vinten and 
associates54 reported no difference between parentally assessed 
adaptive behaviors in the phenytoin-exposed Norwegian chil
dren when compared with unexposed controls born to mothers 
with epilepsy.

Phenobarbital
Phenobarbital is rarely used as a first-line AED in developed 
countries given its adverse cognitive and metabolic side 
effects and the availability o f alternative medications with 
fewer adverse effects. It is very difficult to wean patients 
from phenobarbital, however, and this process often leads to 
worsened seizure control. Thus, unless pregnancy is planned 
well in advance, many women previously taking phenobarbital 
may remain on it. In the NAAPR, phenobarbital was associated 
with a risk of major malformations of 5.5% in 199 pregnancies, 
and cardiac malformations were the most frequent malforma
tion reported. In a pooled analysis of 765 barbiturate-exposed 
pregnancies, Tomson and Battino24 reported a rate of 3.5% 
for cardiac malformations and a 1% risk or oral clefts. The 
absolute risk of NTDs and hypospadias in this analysis was 0.2% 
for each.

Retrospective studies of the effect of phenobarbital on cogni
tive and educational outcomes of exposed children have reported 
mixed results.55'58 The largest prospective study5" of phenobar
bital and cognitive outcomes evaluated a cohort of 114 Danish 
men who had been exposed to phenobarbital in utero between 
1959 and 1961. The most common indication for phenobarbital 
was pregnancy-related hypertension, and mothers with epilepsy 
were not evaluated. Thus the exposure to phenobarbital was 
likely shorter in duration than in the children of mothers with 
epilepsy. The phenobarbital-exposed group had significantly 
lower IQ  scores compared with controls, and children exposed 
in the third trimester were most affected. In a subset of 33 sub
jects, this effect was driven by lower verbal IQ  compared with 
children exposed to other AEDs in monotherapy. In a prospec
tive study, Thomas and colleagues60 also found lower IQs in a 
group of 12 phenobarbital-exposed children. None of the studies 
to evaluate the cognitive effects of phenobarbital have accounted 
for the maternal IQ, which is an important predictor of the 
child’s IQ.

Other Antiepileptic Drugs
A paucity o f data is available to describe the teratogenic risks 
o f other AEDs commonly used to treat epilepsy. The rate 
of major malformations with oxcarbazepine exposure among 
393 prospective cases in the Danish birth registry was 2.8%. 
Other cohorts are smaller.’ 1 In the NAAPR study,61 no major
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anomalies were reported in a cohort of 98 pregnancies exposed 
to zonisamide monotherapy, but this was interpreted with 
caution given the small sample size. The study did demonstrate 
an increased risk of low birthweight with both zonisamide and 
topiramate exposure. Recently, concern has been raised that 
topiramate is a significant teratogen, although sample sizes are 
still small. In the NAAPR study, the risk of major anomalies was 
4.2% in 359 pregnancies.26 The registry also reported a tenfold 
increased risk o f oral clefts in the topiramate cohort com
pared with that o f an external control group; this corre
sponded to an absolute risk o f 1.4% ,26 which resulted in the 
U.S. Food and Drug Administration (FDA) reclassification 
of topiramate from class C to class D for pregnancy. This 
concern has been corroborated by subsequent cohorts 
and meta-analyses.62,63 Studies of the effect of oxcarbazepine, 
zonisamide, and topiramate on cognitive and behavioral devel
opment are limited.

Little useful information is available on the effect of human 
in utero exposure to other AEDs that include benzodiazepines, 
eslicarbazepine, ethosuximide ezogabine, felbamate, gabapentin, 
lacosamide, perampanel, pregabalin, rufinamide, and vigabatrin. 
The manufacturers of lacosamide, a recently introduced AED, 
caution that it is known to antagonize the collapsin response 
mediator protein 2, which is involved in axonal growth and 
neuronal differentiation and appears to have adverse effects on 
brain development in rodents.’4

Effect of Antiepileptic Drug Dose
The risk o f major malformations has been shown to be dose 
related for several AEDs. In the EURAP registry, for example, 
valproate monotherapy was associated with a malformation risk 
of 5.6% with preconception doses of less than 750 mg/day and 
a risk of 24.6% with doses greater than 1500 mg/day.2'1 Similar 
correlations between the risk of birth defects and preconception 
AED dose were also noted for carbamazepine, lamotrigine, and 
phenobarbital. Additionally, dose effects on cognitive and behav
ioral development have been noted for valproate,32'34'65 although 
more data on the relationship between cognitive teratogenesis 
and dose of both valproate and other AEDs are needed. Further 
research is also required on the relevance of serum concentra
tions, instead of dose, because of the substantial differences in 
AED metabolism among individuals. For now, preparing a 
woman with epilepsy for pregnancy involves trying to identify 
the minimum therapeutic dose and corresponding drug level to 
control her seizures.

Polytherapy
It was previously thought that AED polytherapy always 
posed more o f a teratogenic risk than monotherapy and that 
polytherapy should be avoided whenever possible. This con
clusion was based on several prior studies that demonstrated a 
higher rate of major malformations with polytherapy. However, 
a recent study from the NAAPR suggested that the results of 
these prior studies were largely driven by polytherapy combina
tions that included valproate. W ithin the NAAPR, Holmes and 
colleagues66 reported that the risk of major anomalies with 
lamotrigine and valproate therapy was 9.1%, whereas it was 
2.9% for the combination of lamotrigine and any other AED. 
Similarly, they reported that carbamazepine and valproate poly
therapy was associated with a major malformation risk of 15.4%, 
which was much higher than the 2.5% risk seen with the com
bination of carbamazepine and any other AED. The authors also

highlighted similar findings that had been reported in the United 
Kingdom Epilepsy and Pregnancy Registry3 and the Interna
tional Lamotrigine Pregnancy Registry.42 Studies on cognitive 
development have suggested the same trend. In an Australian 
cohort, Nadebaum and colleagues65 found that in utero exposure 
to valproate polytherapy was associated with significantly lower 
FSIQ and verbal comprehension scores than exposure to valpro
ate monotherapy or polytherapy combinations without valpro
ate. The LMNG also reported that only polytherapies that 
included valproate were linked to decreased mean FSIQ and 
verbal IQ  in school-age children.32

The mainstay o f epilepsy therapy, especially in women of 
childbearing age, is still to try to find the one AED that best 
controls a patient’s seizures at the minimum therapeutic dose 
or level. However, in certain cases, polytherapy may be pref
erable to monotherapy. For example, women with idiopathic 
generalized epilepsies have a limited number of AEDs that are 
appropriate for their condition. Valproate is an effective option 
for this type of epilepsy but is a poor choice for these women. 
When one AED— such as levetiracetam or lamotrigine— is inef
fective for these patients, the combination of the two may some
times be effective and likely carries a reduced risk of teratogenesis 
when compared with valproate monotherapy. Given the emerg
ing information on the relationship between AED dose and 
malformation risk for most AEDs, more research is needed to 
determine whether polytherapy combinations that involve low 
doses of two AEDs are ever preferable to a single non-valproate 
AED at a high dose.

Effects of Pregnancy on 
Anticonvulsant Medications
Although most pregnancy studies to date have focused on AED 
dose, AED levels are probably far more important and should 
be studied in the future. Although drug manufacturers and labo
ratories publish standard therapeutic windows for individual 
AEDs, these large ranges have little relevance for a given patient 
with epilepsy. AED metabolism varies greatly by individual, 
and each patient has her own therapeutic drug level at which 
seizures are best controlled. This is typically within the stan
dard window but may be above or below it. Therefore it is 
important to understand and establish this drug level prior 
to pregnancy whenever possible, because levels o f anticon
vulsant medications can change dramatically during preg
nancy, and in many cases, decreasing AED levels have been 
associated with loss o f seizure control. When prepregnancy 
levels have not been obtained, they should be drawn as early as 
possible in the first trimester. Whereas a trough level is ideal, it 
is usually not practical or safe for women to hold medications 
for a blood draw. It is more important that they have levels 
drawn at a convenient and roughly standard time relative to their 
AED dose. For certain AEDs, including phenytoin and some
times carbamazepine and valproate, free (unbound) drug levels 
are available and preferable.

Many factors— including altered protein binding, delayed 
gastric emptying, nausea and vomiting, changes in plasma 
volume, changes in the volume o f distribution, and even folic 
acid supplementation— can affect the levels o f anticonvul
sant medications. Additionally, changes in AED metabolism 
can be dramatically altered by the pregnant state.

Lamotrigine is the most common AED prescribed in preg
nancy, and it is utilized to treat both epilepsy and bipolar disor
der. It is also the best example of the substantial effects of
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pregnancy on AED metabolism. Lamotrigine clearance depends 
heavily on glucuronidation, a process induced by the increases 
in estrogen during pregnancy. Over the course o f a pregnancy, 
lamotrigine clearance increases by over 200%  in the majority 
o f women with epilepsy.'' Lamotrigine doses need to be 
increased substantially over the course o f a pregnancy in 
order to maintain prepregnancy levels and seizure control. 
Doses of 600 to 900 mg/day are not uncommon by the end of 
pregnancy. Lamotrigine metabolism decreases rapidly after 
delivery and returns to baseline within 3 weeks of delivery. To 
avoid toxicity, it is important to give patients a postpartum 
dosing plan to taper their dose starting immediately after deliv
ery. A common practice is to decrease the dose by two thirds of 
the increase over pregnancy in the first week after delivery and 
then decrease back toward the baseline dose. Leaving a patient 
on slightly more than her prepregnancy dose is also common, 
especially in patients with brittle seizure control who may be 
especially susceptible to the effects of sleep deprivation.

Although less well studied, oxcarbazepine clearance is also 
dependent on glucuronidation.68 In the EURAP registry, patients 
taking oxcarbazepine or lamotrigine during pregnancy were 
noted to have poorer seizure control than those taking other 
AEDs.69,70 Less than half of those using lamotrigine or oxcar
bazepine had their doses adjusted, which suggests therapeutic 
drug monitoring may not have been regularly performed. In 
contrast, levels of free and total carbamazepine— as well as a 
metabolite of carbamazepine— are relatively stable throughout 
pregnancy,71 and seizure control appears to be better in patients 
taking carbamazepine. 2,73 Given the interindividual variation 
in AED metabolism and susceptibility to changes during 
pregnancy, checking AED drug levels monthly is recom
mended for all AEDs.

Pregnancy and Seizure Frequency
For the majority o f women with epilepsy (54% to 80%), 
seizure frequency will remain similar to their baseline seizure 
frequency. Across several studies, seizure frequency increased in 
15.8% to 32% of women and decreased in 3% to 24% .1-69-74,75 
Seizure freedom for 9 months prior to pregnancy is associ
ated with an 84%  to 92%  chance o f remaining seizure free 
during pregnancy.1 Genetic generalized epilepsies seem to be 
associated with less of a risk of seizures during pregnancy than 
focal epilepsies, although both groups of patients are at increased 
risk of seizures in the peripartum and postpartum periods.1,69,76

A recent study from the Australian Register of Antiepileptic 
Drugs in Pregnancy (APR) suggested that the AEDs taken 
during pregnancy might predict seizure control.73 The authors 
reported that the risk of seizures was lowest with valproate 
(27%), levetiracetam (31.8% ), and carbamazepine (37.8%), 
whereas an increased risk of seizures was seen with lamotrigine 
(51.3% ). Phenytoin (51.2%) and topiramate (54.8%) were also 
associated with a relatively higher risk of seizures, but the sample 
sizes of these groups were small. As mentioned above, the 
EURAP registry has also reported a higher risk of seizures in 
patients taking lamotrigine or oxcarbazepine.69,70 In contrast to 
the APR, a small study by Reisinger and colleagues72 found a 
relatively high risk of seizure deterioration in patients treated 
with levetiracetam monotherapy (47%) when they compared 
seizures during pregnancy to each patient’s baseline. The NAAPR 
also notes that rates of seizures during pregnancies managed with 
levetiracetam were similar to the rates in patients treated with 
lamotrigine.26 The increasing metabolism and falling AED levels

of many of the newer AEDs including lamotrigine likely play 
an important role in the variable seizure control reported. Both 
the APR and EURAP registries reported that lamotrigine dosing 
had been increased in fewer than 50% of cases analyzed.69,73 
Future prospective studies, during which therapeutic drug mon
itoring and appropriate dose adjustments are made, will be 
necessary to understand whether AED metabolism is the prin
cipal reason for worsening seizure control with certain AEDs or 
if  other factors play a role.

Obstetric and Neonatal Outcomes
Women with epilepsy may be at increased risk for obstetric 
complications. Historically, studies on obstetric complications 
had yielded mixed results. A 2009 evidence-based review from 
the AAN reported that insufficient evidence was available to 
support or refute an increased risk of preeclampsia or gestational 
hypertension in women with epilepsy. They also stated that 
preterm labor was probably not increased, at least not to moder
ate levels (1.5 times the baseline risk) except in women with 
epilepsy who smoked.1 Since then, population studies from the 
United States and Norway have associated epilepsy with a mild 
to moderate risk of preeclampsia (OR, 1.59 to 1.7) and preterm 
labor (OR, 1.54 to 1.6) when compared with that of women 
without epilepsy."17 Preterm labor was defined as labor before 34 
weeks in the Norwegian study and before 37 weeks in the U.S. 
study. In the Norwegian study by Borthen and colleagues,78 the 
risk of these complications in women with epilepsy who did not 
take AEDs was not increased. However, the possibility that these 
patients may have had milder epilepsy must be considered. 
Borthen and colleagues's also studied 205 epileptic women from 
a single Norwegian hospital and found an increased risk of severe 
preeclampsia in these patients compared with unaffected women.

Epilepsy and AED use are typically not indications for 
cesarean delivery (CD); however, CD may be more common 
in women with epilepsy. The reasons for this association are 
unclear and has not been seen consistently across all studies.9,77'79 
In their hospital-based study, Borthen and colleagues78 found no 
significant increased risk of CD if  preterm labor was accounted 
for. Induction of labor may also be more common in women 
with epilepsy.9 '8 Prospective studies are needed to determine the 
reasons for labor induction and CD in women with epilepsy. It 
is unclear if  this is related to other complications in these women 
or physician or patient concern about seizures during late preg
nancy or delivery.

Bleeding complications at delivery may also be increased 
in women with epilepsy, although again studies have been 
conflicting on this point. 1 Population studies from Norway 
and the United States both suggest a small but significantly 
increased risk of postpartum hemorrhage.9,80

According to the 2009 AAN literature review and recom
mendations, evidence was sufficient to suggest a near twofold 
increased risk o f SGA infants born to epileptic women taking 
AEDs, but the group felt data were inadequate on the risk of 
intrauterine growth restriction (IUGR).36 A recent study from a 
prospective registry in Norway studied 287 children born to 
women with epilepsy and found that they had an increased risk 
of being SGA and having a ponderal index below the tenth 
percentile.M AED exposure was the strongest predictor of a low 
ponderal index, but seizure frequency was not controlled for. In 
yet another Norwegian study,25 topiramate was specifically asso
ciated with SGA infants, and in an investigation from the 
NAAPR, both topiramate and zonisamide were associated with
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lower birthweights in exposed infants.61 A Taiwanese study by 
Chen and colleagues found that seizures during pregnancy were 
associated with an increased risk of SGA.

The recent U.S. population study found a mild but signifi
cantly increased risk of stillbirth in women with epilepsy (OR, 
1.27; 95% CI, 1.17 to 1.38).9 Two other population studies 
from Denmark and Norway found a trend toward an increased 
stillbirth risk of similar magnitude, but the effect was not statisti
cally significant.82,83 Little else about fetal outcomes of infants 
born to women with epilepsy is known. The AAN did conclude 
that the offspring of women using AEDs were at greater risk for 
a low 1-minute Apgar score.84

Preconception Counseling for Women 
With Epilepsy
Ideally, preconception counseling for a woman with epilepsy 
should begin at the time o f diagnosis and with prescription 
of the first AED. Unfortunately, this is not always possible. 
For most patients, the obstetrician must stress that the patient 
has a greater than 90% chance of having a successful pregnancy 
that results in a normal newborn. A detailed history of medica
tion use, seizure types, and seizure frequency should be obtained. 
The patient must be informed that if  she has frequent seizures 
before conception, this pattern w ill probably continue. Further
more, if  she has frequent seizures, in most cases, she should 
be encouraged to delay conception until control is optimized. 
The obstetrician must stress that controlling seizures is of pri
mary importance. For patients with seizures that have been 
refractory to one to two medications, inpatient video EEG 
monitoring is often indicated to determine whether the patient 
is a surgical candidate. Inpatient video EEG monitoring is 
also recommended in intractable cases or in any patient with 
atypical features to rule out a diagnosis of nonepileptic seizures. 
It can be very difficult to diagnose nonepileptic seizures 
based on clinical history, but some features that should raise 
suspicion of this diagnosis are closed eyes during a seizure, long 
duration of seizure activity that waxes and wanes, and a history 
of abuse.

Valproate is a poor first choice as an AED for any woman of 
childbearing age. In addition to the adverse effects on pregnancy, 
valproate is associated with weight gain, hirsutism, and signs of 
polycystic ovarian syndrome (PCOS). Lamotrigine and leveti
racetam are better choices and are quickly becoming the 
most commonly prescribed drugs for women o f childbearing 
age. They are often used in both focal and generalized epilepsies. 
Carbamazepine is also a reasonable option for women with 
focal epilepsy. If these medications are not effective, however, a 
woman may need to be switched to an AED with higher tera
togenic risk or undefined risk. In these cases the patient should 
be counseled on the available information and unknowns, but 
again, the importance of seizure control should be stressed. In 
some women with genetic generalized epilepsies, valproate is the 
only drug that effectively controls their seizures. Valproate 
therapy is not a reason to terminate pregnancy, and despite the 
relatively increased risks of teratogenesis, the majority of women 
taking valproate will have healthy children. For all AEDs, pre
pregnancy counseling should include trying to find the minimum 
therapeutic dose/level needed. This is of utmost importance in 
women taking valproate.

As discussed above, it is important to establish baseline 
AED levels prior to pregnancy in order to set a target for dose 
adjustment during pregnancy. A minimum of two levels taken

at a similar time of day is advisable to establish a given indi
vidual’s therapeutic range.

Unfortunately, the majority of pregnancies in women with 
epilepsy are unplanned,85 which emphasizes the need for appro
priate selection of an AED for women of childbearing age and 
the need for early preconception counseling. Changing AEDs 
once a woman is already pregnant is usually not recom
mended. Structural teratogenesis occurs early in the first trimes
ter, and the potential effects of exposure are likely already 
underway by the time a woman learns she is pregnant. Addition
ally, switching drugs during the first trimester exposes the fetus 
to polytherapy and potentially breakthrough seizures during this 
critical time. Given the increasing knowledge of the adverse 
cognitive effects of valproate, which are mostly thought to occur 
in the third trimester, some specialists have switched women off 
valproate typically to levetiracetam. No available evidence sup
ports or refutes this approach, but it should only be considered 
in select patients whose history suggests that they may have a 
good chance of responding to a different drug and are in the 
care of an epilepsy specialist who can monitor them closely.

If the patient has had no seizures during the past 2 to 4 
years, an attempt may be made to withdraw her from anti
convulsant medications. This is usually done over a 1- to 
3-month period, slowly reducing the medication, and should 
not be done close to or during pregnancy. Up to 50% of patients 
relapse and need to start their medications again. This with
drawal should be attempted only if  the patient is completely 
seizure free and has a normal EEG, and it should only be done 
with the help of a neurologist. Based on a patient’s history, many 
neurologists will recommend that the patient refrain from 
driving for a period of time during and after the wean.

Genetic Counseling
A detailed family history should be taken in the process of 
counseling women with epilepsy. A history of congenital mal
formations in the family increases the chances of having an 
affected child. In particular, in women taking valproate, those 
who have had prior pregnancies complicated by a malformation 
have a significantly increased risk of having a second child with 
a malformation, regardless of whether they were taking valproate 
at the time of the prior pregnancy.86

It is also important to take a family history that includes 
seizure disorders, including febrile seizures, and intellectual dis
ability. M any patients are concerned about the risk of passing 
epilepsy on to their child. Only a few epidemiologic studies have 
looked at the inheritance patterns of epilepsy. For most patients 
with epilepsy, the risk o f passing it on to their children is 
higher than the approximate 1% to 2% risk in the general 
population; however, the absolute risk remains low. Factors 
associated with a low risk are late onset of epilepsy in the parent 
and a known acquired cause of epilepsy such as a vascular mal
formation, stroke, or trauma. Patients with an early onset of 
epilepsy, epilepsy of unknown cause, and a family history of 
epilepsy— particularly in a first-degree relative— have a higher 
risk. Epilepsy associated with intellectual disability may also be 
more likely to be genetic. Across many studies, the “genetic” 
generalized epilepsies or idiopathic generalized epilepsies have a 
higher risk of inheritance than focal epilepsy. Interestingly, a 
consistent finding in several epidemiologic studies is that 
mothers with epilepsy have a much higher chance of having 
a child with epilepsy than do fathers with epilepsy. The most 
recent large population study from Rochester, Minnesota
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reviewed the medical records of all 660 probands with epilepsy 
born between 1935 and 1994 and all their first-degree relatives.87 
This study also found that epilepsy was more likely to be inher
ited from the mother, although when analyzed separately, this 
effect was only true for focal epilepsies, not generalized epilep
sies. W hen all types of epilepsy were considered, the cumulative 
incidence to age 40 of epilepsy in a child of a woman with 
epilepsy was 5.39%, which correlates to a fivefold increased risk 
from the baseline population. The authors recommended taking 
the standard error into account and counseling women that on 
average, the risk o f passing on epilepsy is 2.69%  to 8%. In 
children of women with generalized epilepsy, the incidence was 
8.34% (1.36% to 15.36% risk, considering standard error), and 
if  the mother had focal epilepsy, the incidence was 4.43%  
(1.43% to 7.43% ).

This type of epidemiologic data can be useful for patients with 
epilepsy of unknown cause, but they should not be used to 
counsel all patients indiscriminately. It is critical that the neu
rologist and obstetrician take a patient’s individual clinical and 
family history into account before advising on the risks of 
passing on epilepsy.

An increasing number of epilepsy genes and familial syn
dromes have been discovered that can substantially alter the risk 
of inheriting an epileptic disorder.88 Autosomal-dominant forms 
of epilepsy, such as autosomal-dominant frontal lobe epilepsy 
(ADFLE) and autosomal-dominant temporal lobe epilepsy 
(ADTLE), are highly penetrant familial epilepsies that should 
be considered in a patient with one or more first-degree relatives 
with a similar epilepsy syndrome. Mutations in the sodium 
channel, voltage gated, type 1 alpha subunit (SCN1A) gene have 
variable penetrance and expressivity, and they can present with 
a range of manifestations. Even within one family, some indi
viduals with the mutation will be unaffected, some will have 
simple febrile seizures or a mild epilepsy syndrome that persists 
into adulthood, whereas others can have Dravet syndrome, a 
severe epileptic encephalopathy. Preimplantation genetic testing 
for these disorders is available only for some syndromes and is 
controversial. However, recognizing these family syndromes 
definitely changes the counseling on the risk of inheriting epi
lepsy. Other genetic syndromes associated with epilepsy have 
more serious complications. For example, bilateral periventricu
lar nodular heterotopia (PVNH; Fig. 49-1) is an uncommon 
cause of focal epilepsy. Approximately 50% of female patients 
with PVNH will have a mutation in the filamin A gene.8 ’ This 
is an X-linked-dominant mutation that is typically lethal in 
males in the third trimester or in the immediate postnatal 
period. Female patients may have no manifestations other than 
the periventricular nodules, which represent aberrant neuronal 
migration, and epilepsy. An echocardiogram is recommended in 
these women, because they can have cardiac anomalies. Other 
examples of critical genetic diagnoses are mitochondrial disor
ders that can present with epilepsy. Whereas a comprehensive 
review of the genetics of epilepsy is beyond the scope of this 
chapter, genetic counseling is an important option for many 
prospective parents with epilepsy, and certain clinical find
ings or key features in a family history, such as other affected 
relatives or frequent miscarriages, make specialized counsel
ing essential.

Folic Acid Supplementation
The 2009 AAN practice guidelines recommend folic acid 
supplementation o f 0.4 to 4 mg/day for all women of

FIG 49-1 Bilateral periventricular nodular heterotopia (PVNH). Magnetic 
resonance imaging (MRI) of a 28-year-old primigravida with intractable 
focal epilepsy who presented for neurologic evaluation at 24 weeks' 
gestation. Her prior MRI demonstrated bilateral PNVH (white arrows 
point to abnormal cortical tissue lining the ventricles bilaterally). In up 
to 50% of women, this syndrome is associated with an X-linked 
dominant mutation in the filamin A gene that is often lethal in male 
fetuses in the third trimester or the first few postnatal days. In 
females, this mutation is associated with the above migrational abnor
malities and focal seizures. Female patients may have normal or 
slightly low intelligence quotients (IQs). This case illustrates the 
importance of early prepregnancy neurologic evaluation and genetic 
counseling.

childbearing age who take AEDs.90 These recommendations 
are largely extrapolated from studies that have demonstrated that 
folic acid supplementation reduces the risk for NTDs in the 
general population.91 Additionally, low first-trimester serum 
folic acid levels have been correlated with an increased risk for 
congenital malformations in the offspring of women with epi
lepsy, and several AEDs are known to lower folic acid levels. 
Little direct evidence is available to suggest that folic acid reduces 
the risk of major anomalies in women taking AEDs, although 
the AAN practice guidelines state that prior studies might have 
been underpowered to detect a benefit.10 One study by Pittsch- 
ieler and colleagues94 suggested that folic acid may reduce the 
risks of miscarriage in women with epilepsy. The NEAD study 
also found an association between higher IQs in children of 
mothers with epilepsy who took periconceptional folic acid 
supplementation (>0.4 mg). It is unclear whether this effect was 
specific to AED use because similar beneficial effects on cogni
tive development have been noted in the general population. 
The optimal dose of folic acid for women taking AEDs is not 
known. A recent study of women without epilepsy found delayed 
psychomotor development in children of women exposed to 
doses greater than 5 mg compared with women who took doses 
of 0.4 to 1 mg, which raises concerns about the practice of high- 
dose supplementation.95 More research is needed to determine 
the optimal dose of folic acid in women with epilepsy. In the 
meantime, supplementation with 0.4 to 1 mg in all women
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o f childbearing age taking AEDs should be recommended.
M any clinicians increase the dose to 4 mg of folic acid when a 
patient is trying to conceive or is pregnant.

Vitamin D deficiency is also common in women with 
epilepsy. This occurs because anticonvulsants may interfere 
with the conversion of 25-hydroxycholecalciferol to 1,25- 
dihydroxycholecalciferol, the active form of vitamin D. Ideally, 
25-hydroxyvitamin D levels should be checked and opti
mized prior to pregnancy. A supplemental dose of 1000 to 
2000 IU of vitamin D3 in addition to a prenatal vitamin is 
reasonable during pregnancy. Additionally, because folic acid 
supplementation can mask the hematologic effects of vitamin 
B,2 deficiency, B12 levels should also be checked in women with 
epilepsy.

Care of the Patient During Pregnancy
Once the patient becomes pregnant, it is of the utmost impor
tance to establish accurate gestational dating. This will prevent 
any confusion over fetal growth in later gestation. AED levels 
should be checked as soon as possible and then monthly. 
Adjustments should be made to keep the patient’s AED level 
around her prepregnancy or early pregnancy level.

An early anatomic ultrasound at 14 to 15 weeks’ gestation 
can identify signs suggestive of NTDs in women at high risk 
(see Chapter 9). At approximately 16 weeks’ gestation, the 
patient should undergo blood testing with maternal serum 
alpha-fetoprotein screening in an attempt to detect any NTD. 
Coupled with ultrasonography, these data result in a detection 
rate of more than 90% for open NTDs (see Chapter 10). At 18  
to 22 weeks, the patient should undergo a specialized, 
detailed anatomic ultrasound to determine whether congeni
tal malformations, including NTDs, are present. If adequate 
views o f the fetal heart are not obtained, a fetal echocardio
gram can be performed at 20 to 22 weeks’ gestation to detect 
cardiac malformations, which are among the more common 
malformations in women taking any antiepileptic medica
tions. In the United States, no official recommendations have 
been made on the use of fetal cardiac echo studies in women 
with epilepsy, but the 2009 Italian guidelines do advise this 
examination for all women taking AEDs.96

As previously noted, there appears to be an increased risk for 
IUGR in fetuses exposed in utero to anticonvulsant medica
tions. If the patient’s weight gain and fundal growth appear 
appropriate, regular ultrasound examinations to assess fetal 
weight are probably unnecessary. If, however, if  poor fundal 
growth is suspected or if the patient’s habitus precludes adequate 
assessment of this clinical parameter, serial ultrasonography for 
fetal weight discernment can be performed.

Antepartum fetal evaluation with nonstress testing is not 
necessary in all mothers with seizure disorders, but it should 
be considered for patients who have active seizures in the 
third trimester.

Vitamin K Supplementation
Third-trimester vitamin K supplementation in women taking 
certain enzyme-inducing AEDs (EIAEDs) is a historic practice 
based on a concern for an increased risk of intracranial neonatal 
hemorrhage and clotting factor deficiencies associated with 
EIAED exposure reported in early case studies.97 ’8 EIAEDs 
include phenobarbital, phenytoin, carbamazepine, and oxcar
bazepine. A more recent study o f 662 women with epilepsy 
taking EIAEDs did not find any increased risk o f bleeding

in the neonate i f  the infant received 1 mg o f vitamin K  intra
muscularly at birth.99 This problem is rare today because most 
neonates are given vitamin K at birth. The 2009 AAN guidelines 
state that evidence is insufficient to recommend for or against 
the practice of peripartum vitamin K supplementation.90 
Another recent study evaluated the risk of maternal postpartum 
hemorrhage in women with epilepsy and also found no signifi
cant difference in the risk of bleeding in women taking EIAEDs 
versus controls.100 There was also no difference in the risk of 
bleeding in women taking EIAEDs who supplemented with 
vitamin K and those who did not.

Labor and Delivery
Although epidemiologically there may be an increased risk 
o f induction o f labor and CD in women with epilepsy, these 
interventions should not be recommended to women with 
epilepsy without specific additional obstetric, medical, or 
neurologic indications. Most women with epilepsy have suc
cessful vaginal deliveries. Although no evidence exists to support 
or challenge epidural analgesia in patients with epilepsy, it is 
typically utilized to decrease stress and allow the mother to rest 
during a long labor.

The risk of seizures during labor in women with epilepsy is 
3.5% or less, and seizures are most common in patients who 
have had seizures during pregnancy.6'^'0 Whenever a seizure 
occurs, acute seizure management involves assessing the patient’s 
clinical stability, including respiratory and circulatory function. 
Nothing should be put in the mouth of a seizing patient, but 
supplemental oxygen should be provided, and suctioning of 
secretions can be performed if  possible. Ideally, the patient 
should be turned on her left side to increase blood supply to the 
fetus. Short-acting benzodiazepines, typically lorazepam 0.1 mg/ 
kg to 0.2 mg/kg with a maximum of 10 mg, are the mainstay 
of acute seizure treatment. If the seizure does not resolve within 
2 minutes, lorazepam should be given. In most cases this is fol
lowed by intravenous (IV) fosphenytoin or phenytoin if seizures 
persist. Status ep ilepticus is defined by seizures that last more than 
5 minutes. In the rare case of tonic-clonic status in pregnancy, 
intubation and stabilization with anesthesia may be required. 
Fetal monitoring should begin as soon as possible after a seizure, 
if  it is not already in place. Transient fetal heart rate changes may 
be seen and can be tolerated temporarily, but if  fetal bradycardia 
persists, the clinician must assume fetal compromise or placental 
abruption and must proceed with CD.

New Onset of Seizures in Pregnancy 
and in the Puerperium
Occasionally, seizures are diagnosed for the first time during 
pregnancy, which may present a diagnostic dilemma. If the 
seizures occur in the third trimester, they are eclampsia until 
proven otherwise and should be treated as such until the 
physician can perform a proper evaluation. The treatment of 
eclampsia is delivery, but the patient must first be stabilized (see 
Chapter 31). Magnesium sulfate, instead of AEDs, is the treat
ment of choice for eclamptic seizures. It is often difficult, 
however, to distinguish eclampsia from an epileptic seizure. The 
patient may be hypertensive initially after an epileptic seizure 
and may exhibit some myoglobinuria secondary to muscle 
breakdown, which will test as proteinuria on a routine urinalysis. 
The diagnosis becomes clearer over time, but in either case, rapid 
thoughtful action must be undertaken. The first physician to 
attend a patient after a seizure may not be an obstetrician/
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Chapter 49 Neurologic Disorders in Pregnancy 1041

gynecologist, and magnesium sulfate may not be started acutely; 
this should be remedied as soon as possible.

If the patient develops seizures for the first time at an 
earlier gestational age, she should be evaluated and started 
on the proper medication. The physician must look for acquired 
causes of seizures that include trauma, infection, metabolic dis
orders, space-occupying lesions, central nervous system (CNS) 
bleeding, and ingestion of drugs such as cocaine and amphet
amines. Blood samples should be obtained for electrolytes, 
glucose, ionized calcium, magnesium, renal function studies, 
and toxicologic studies while IV access is being established. If 
the patient experienced a tonic-clonic seizure and the attending 
physician believes, based on clinical history, that this is probably 
new-onset epilepsy with a high likelihood of recurrence, she 
should be started on the appropriate anticonvulsant medication 
while awaiting the results of any laboratory studies. Although 
lamotrigine is one o f the most commonly prescribed drugs 
for women planning pregnancy, it is typically not practical 
to start it when epilepsy presents in pregnancy. The lamotrig
ine titration schedule is at least 6 weeks because of an increased 
risk of a Stevens-Johnson reaction in patients taking this drug, 
especially if  it is titrated quickly. In addition, accelerated 
lamotrigine metabolism in pregnancy makes it virtually impos
sible to achieve a therapeutic level in a pregnant woman over a 
reasonable time period. Similar considerations apply to oxcar- 
bazepine. For new-onset epilepsy, levetiracetam is often used 
first because it can be started quickly and does not carry a 
high risk o f rash. An unfortunate side effect of levetiracetam, 
however, is an increase in depressed mood or irritability; this 
should be assessed in women starting this drug.

Any patient who experiences seizures for the first time during 
pregnancy without a known cause should undergo an EEG and 
intracranial imaging. In studying only eclamptic patients, Sibai 
and colleagues101 found that EEGs were initially abnormal in 
75% of patients but normalized within 6 months in all women 
studied. Although this group found no uniform abnormalities 
on computed tomography (CT) in this series of eclamptic 
patients, they did find that 46% and 33% had some abnormal 
findings on EEG and CT, respectively. Most of the findings were 
nonspecific and were not helpful in diagnosis or treatment. An 
MRI is indicated in most cases of new-onset seizures and may 
be helpful if  eclampsia is suspected.

Breastfeeding and the Postpartum Period
The levels of anticonvulsant medications must be monitored 
frequently during the first few weeks postpartum (see Chapter
23) because they can rise rapidly. If the patient’s medication 
dosages were increased during pregnancy, they will need to 
be decreased over the 3 weeks after delivery to levels at or 
slightly higher than that o f the prepregnancy period. As dis
cussed above, this is especially important for lamotrigine.

The benefits of breastfeeding have been well established and 
include the promotion of mother-infant bonding (see Chapter
24 ).102 Whereas AEDs taken by the mother are present in 
breast milk to varying degrees, few data suggest neonatal 
harm from exposure through breast milk. The NEAD study113 
found that infants exposed to carbamazepine, lamotrigine, phe
nytoin, and valproate in breast m ilk had higher IQs and lan
guage scores at 6 years than those infants whose mothers did not 
breastfeed. An improvement in parent-reported developmental 
abilities of children was also noted in breastfed infants in a 
Norwegian cohort of AED-exposed children at 6 and 18 months,

although the effect was not sustained at 36 months.104 Neither 
study found adverse effects on developmental outcomes related 
to breast m ilk exposure for the studied drugs (carbamazepine, 
lamotrigine, phenytoin, and valproate). Although further pro
spective studies of AED exposure via breast m ilk are necessary, 
for most AEDs, the theoretic concern of prolonged infant expo
sure likely does not outweigh the known benefits of breastfeed
ing. Some experts advise caution with AEDs with longer 
half-lives, such as phenobarbital and zonisamide, although again 
the concern is largely theoretic.

Postpartum Safety
Breastfeeding should be supported and encouraged for most 
women with epilepsy; however the sleep deprivation associated 
with trying to feed a newborn may put her at risk for seizures. 
A key part o f managing a pregnancy in women with epilepsy 
is discussing seizure safety with her and her family. Partners 
or other members of a patient’s support system should assist with 
night feedings with either pumped m ilk or formula so that the 
patient can get a stretch of uninterrupted sleep, typically 6 to 8 
hours depending on the patient. The patient may have to pump 
m ilk additional times during the day to maintain this supply. 
Other safety recommendations include giving baths only in the 
presence of another adult and changing diapers on a pad on the 
floor instead of on a changing table. Avoiding stairs when pos
sible and using a stroller, rather than an infant carrier strapped 
to the mother, should also be considered. The importance of not 
allowing infants to sleep in the parents’ bed should also be 
emphasized. Lastly, women with epilepsy are at increased risk 
for postpartum depression, a topic that should be discussed with 
the patient and her family prior to delivery and after.

Contraception
Contraceptive counseling is an important part of preconception 
and postpartum planning in women with epilepsy, and drug- 
drug interactions are numerous between AEDs and hormonal 
contraception. Both the Centers for Disease Control and Pre
vention (CDC) and the World Health Organization (WHO) 
have released evidence-based reviews on the use of specific types 
of contraception in women taking AEDs.105,106 The most reliable 
form of reversible contraception is the intrauterine device (IUD), 
and this is considered the contraceptive method of choice for 
most women with epilepsy. Both the copper and levonorgestrel 
IUD are appropriate. If hormonal methods are considered, the 
physician should review the considerations laid out by the CDC 
and W HO before initiating treatment.

MULTIPLE SCLEROSIS
Multiple sclerosis (MS) is a chronic autoimmune demyelinat- 
ing disease that affects women more often than men, and the 
ratio o f affected females to males has been increasing over 
time.107 The onset o f symptoms usually occurs between the 
ages o f 20 and 40 years, and thus it commonly affects women 
o f childbearing age. The diagnosis of MS is often made years 
after the initial onset of symptoms. Common presenting symp
toms include weakness, paresthesias or numbness of one or both 
lower extremities, visual complaints that include optic neuritis, 
and loss of coordination. MS primarily affects the white matter 
of the CNS, and lesions may involve the spinal cord, brainstem, 
cerebral hemispheres, and optic tracts. The hallmark of diagnosis 
is that it causes lesions “disseminated over space and time.” The
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most common form o f the disease, relapsing remitting MS, 
is characterized by periodic exacerbations with complete or 
partial remissions. Only 10% to 15% of patients show steady 
progression at the time of onset, but over time, the majority of 
patients with MS will develop secondary progressive MS with 
continuing accumulation of neurologic deficits and disability.

Because symptoms of an MS attack can be subtle, it is often 
easy to attribute them to pregnancy M any pregnant women 
complain of being more awkward or having some weakness. If 
these symptoms are persistent or progressive, they should not be 
ignored, and the patient should be referred for neurologic con
sultation. An MRI of the brain and sometimes an MRI of the 
spinal cord are necessary to make the diagnosis of MS. Gado
linium contrast is helpful to identify acute demyelinating lesions, 
but it should not be administered to pregnant women. Even 
without contrast, an MRI can be valuable in evaluating a patient 
with suspected MS or new symptoms in the setting of a prior 
diagnosis of MS.

Multiple Sclerosis and Fertility
The relationship between MS and fertility is unclear. Similar to 
women with epilepsy, women with MS are less likely to have 
children than are unaffected women.108,109 However, it is not 
completely clear whether this is due to biologic reasons or to the 
reproductive decisions of women with M S. Other factors may 
play a role, such as sexual dysfunction, which is common in MS 
patients. Translational studies have suggested that women with 
MS may have reduced ovarian reserve based on elevated follicle- 
stimulating hormone (FSH) and decreased anti-Mullerian 
hormone (AMH) levels; AMH is a marker of ovarian reserve.' 10,111 
Additionally, women with MS are also more likely to utilize 
assisted reproductive technology (ART).112 It should be noted, 
however, that in vitro fertilization (IVF) procedures that utilize 
gonadotropin-releasing hormone (GnRH) agonists have been 
shown to increase MS disease activity, particularly if  the cycle is 
not successful.113' 115

Effect of Pregnancy on Multiple Sclerosis
The risk o f MS relapses is reduced during gestation but may 
increase transiently in the postpartum period. Convincing 
evidence shows that the risk of MS attacks is decreased during 
the course of pregnancy. It is hypothesized that the lower rate 
of disease activity during gestation may be attributable to a 
pregnancy-induced shift from thymus helper 1 (Th 1) cyto
kines to Th 2 cytokines to facilitate immune tolerance (see 
Chapter 4). The Pregnancy and Multiple Sclerosis (PRIMS) 
study prospectively followed 269 pregnancies in 254 women 
with MS across 12 European countries.116,11 They found that 
the annual rate of relapse declined during pregnancy, especially 
in the third trimester. A rebound of disease activity was noted 
in the first 3 months postpartum, but subsequently the relapse 
frequency returned to baseline. O f note, the rate of relapse over 
the entire pregnancy year— 9 months gestation plus 3 months 
postpartum—did not differ from the baseline rate, and only 
28% of patients experienced a postpartum relapse. Most impor- 
tandy, no change in disability progression was noted over 
the duration o f the study.117,118 A meta-analysis of 13 studies 
published prior to 2011 found that the annualized relapse rate 
significantly decreased from a baseline of 0.43 per year to 0.26 
per year during pregnancy.119 In the year following delivery, the 
average annualized rate of relapse increased to 0.7 per year.

Despite the transient increase in postpartum relapses seen 
in women with MS, pregnancy likely has a neutral effect on 
long-term disease progression. Weinshenker and colleagues120 
showed no association between long-term disability and (1) total 
number of term pregnancies, (2) the timing of pregnancy rela
tive to the onset of M S, or (3) the worsening of MS in relation 
to a pregnancy. Verdru and associates121 studied 200 women 
with MS and found that pregnancy delays the onset of long-term 
disability. As an index of progression, they used the length of 
time from onset of disease until wheelchair dependence. In 
patients with at least one pregnancy after diagnosis, the mean 
time to wheelchair dependence was 18.6 years compared with 
12.5 years for other women. Similarly, Runmarker and Ander
sen122 observed a decreased risk of MS onset in parous women 
compared with nulliparous women and reported that women 
who were pregnant after the onset of MS had a decreased risk 
of developing progressive disease. A recent retrospective study of 
1317 Canadian women with M S also found that pregnancy 
slowed the rate of conversion to irreversible disability based on 
the Expanded Disability Status Scale (EDSS).123 However, in 
terms of long-term risk of conversion to secondary progressive 
M S— as judged by an EDSS of 6, when a walking aid is 
required—women who had been pregnant had a lower risk, at 
trend levels, of converting to this form of the disease at 5 years 
but an increased risk at 10 years postpartum. These longer-term 
effects were not statistically significant and require further study. 
The apparent slowed progression of disability may also be influ
enced by the fact that women with more severe disease are less 
likely to conceive after the onset of MS. A population-based 
study of 2105 women, also from Canada, found that when 
confounding variables such as age at disease onset were consid
ered, pregnancy had no effect on the time to progress to an 
EDSS score of 6 .124

Effect of Multiple Sclerosis 
on Pregnancy Outcomes
Although more data are needed, MS does not seem to have any 
significant effect on the course o f pregnancy or fetal out
comes. Some early studies had suggested that M S may affect 
fetal birthweight, but important confounders were not assessed. 
The largest study to date by van der Kop and colleagues125 also 
controlled for important confounders such as parity and prior 
preterm births but found no association between MS and 
preterm birth or newborn birthweight.

Disease-Modifying Agents and Pregnancy
The field of MS therapy is rapidly evolving, and unfortunately, 
information on the risks related to MS therapies during preg
nancy and lactation is sorely lacking. The mainstay o f treat
ment for acute MS relapses is corticosteroids or, rarely, other 
immunomodulatory treatments. Corticosteroids are used 
symptomatically to lessen the severity and hasten recovery from 
acute neurologic symptoms, but they do not seem to alter the 
course of the disease. In 1993, the first disease-modifying agent 
(DMA), interferon-3, was introduced. Since then, a steady 
increase has occurred in available DMAs. These therapies are 
utilized to reduce relapse rates; decrease MRI progression, 
one marker o f MS disease activity; and lessen cumulative 
disability in patients with MS. They are not used to treat 
acute MS relapses. DMAs are divided into fir st- lin e  and second- 
lin e agents (Table 49-2). Second-line therapies are usually
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TABLE 49-2 DISEASE-MODIFYING AGENTS FOR MULTIPLE SCLEROSIS: TERATOGENIC RISK AND RECOMMENDED 
WASHOUT PERIOD ________________________ _________________________ _______

DISEASE
M O D IFYIN G  AG ENT A N IM A L  STUDIES

First-Line Disease-Modifying Agents
Glatiramer acetate 
Interferon-p

BG-12/dimethyl fiimarate 

Fingolimod

Teriflunomide

No concerns raised 
Increased spontaneous abortion

Embryo toxicity, spontaneous
abortion, neurobehavioral issues 

Embryolethality and fetal 
malformations (ventricular 
septal defect, persistent truncus 
arteriosus)

Embryotoxic and teratogenic 
effects

Second-Line Disease-Modifying Agents
Natalizumab Increased risk of spontaneous

abortion

Alemtuzumab

Mitoxantrone

Increased risk of fetal death 

Limited data

H U M A N  STUDIES

No concerns, although studies were small 
No changes in rates of conception,

spontaneous abortion, or MCM; may be 
associated with preterm birth and 
decreased birthweight and length 

No increased risk of MCM or spontaneous 
abortion in 69 pregnancies 

In humans, spontaneous abortion rate 24% 
(slightly increased from baseline) in 89 
pregnancies; “abnormal fetal 
development” also noted in 7.6%

No increased risk of spontaneous abortion 
or MCM in 83 pregnancies where 
mother was exposed

No increased risk of MCM in 101
pregnancies; hematologic issues in infants 
exposed in third trimester 

Limited data, no increased risk of
spontaneous abortion in 134 pregnancies 

Decreased weight, increased prematurity

RECOMMENDED W ASHO UT

1 month
1 month

1 month

2 months

24 months; “washout protocol” 
recommended to achieve plasma 
concentrations less than 0.02 mg/mL

2 to 3 months, although some advise 
continuation to conception

4 months

6 months; consider fertility preservation 
(may cause amenorrhea)___________

MCM, major congenital malformation; MS, multiple sclerosis.

reserved for patients who have failed a first-line agent and those 
who have very active disease.

Given that few data are available on the safety o f DMAs 
in pregnancy and the fact that MS attacks are usually less 
frequent in pregnancy, most experts recommend stopping 
DMAs prior to conception. Highly effective contraception is 
also recommended for women who utilize these therapies. It is 
worth noting that many of the observational reports of MS, 
including the prospective PRIMS study, took place before 
DMAs were available. Since then, a few studies have suggested 
that use of DMAs prior to conception or during gestation 
decreases the risk for postpartum relapses.118'126'127 Postpartum 
relapse rates are also lower in patients whose MS activity had 
been well controlled in the year prior to pregnancy.12b 18 Decid
ing which DMA is best for a woman with MS who is of repro
ductive age, as well as the appropriate time to stop the drug and 
contraception when trying to conceive, is a complex decision 
based on the patient’s disease burden, the specific drug she is 
taking, and her personal concerns. These decisions should be 
made in consultation with her treating neurologist. Available 
information on the various DMAs available are summarized 
below and in Table 49-2.

First-Line Agents
First-line DMAs include interferon-p, glatiramer acetate, 
dimethyl fumarate, and teriflunomide. The Food and Drug 
Administration (FDA) also considers fingolimod a first-line drug 
for the treatment of M S, although the European Medicine 
Agency (EMA) does not. O f the first-line therapies, experts 
agree that interferon-p and glatiramer acetate can be contin
ued up to the time that contraception is stopped. Some have 
suggested that they can even be continued until a pregnancy 
is confirmed."8 In some rare cases, glatiramer acetate is contin
ued during pregnancy.

Interferon-p formulations (interferon beta-la and interferon 
beta-lb) are subcutaneous or intramuscular (IM) injections used 
at intervals that range from daily to every other week based on 
the formulation. These were among the first DMAs introduced 
for the treatment of M S, yet a relative paucity of information 
remains concerning the use of interferon-p therapy in preg
nancy. However, lately, the number of available studies on this 
topic has increased.

Of note, interferons are large molecules that must be trans
ferred across the placenta by active transport, and this process 
likely does not occur until after the first trimester. 12‘’ Animal 
studies had suggested an increased risk of spontaneous abortions 
with interferon-p exposure; however, this has not held up in 
observational human studies. Sandberg-Wollheim and col
leagues130 dissected data on 1022 cases of interferon beta-la 
exposure during pregnancy. To avoid bias, they only included 
outcomes for prospective data (n = 425) and found 324 normal 
infants were delivered at term (76.2% ), 4 infants were born with 
malformations (0.9%), 4 third-trimester stillbirths occurred 
(0.9%, 1 with anomalies), along with 5 ectopic pregnancies 
(1.2%), 49 (11.5%) first-trimester spontaneous abortions, and 
39 (9.2%) elective abortions. The authors reported that these 
results are not dissimilar to the general population, but no 
control group was included. Amato and colleagues1 1 investi
gated first-trimester exposure to interferon P - la  or - lb . They 
compared these patients with those who were never treated or 
who discontinued treatment at least 4 weeks before conception. 
O f the 88 exposed fetuses, no increase was found in spontaneous 
abortion, malformations, or developmental abnormalities over a 
median follow-up of 2.1 years, although the incidence of low 
birthweight was increased and infants were shorter at birth. In 
a systematic review o f reports o f DMA exposure in preg
nancy, Lu and colleagues132 summarized that prospective 
cohort studies o f fair to good quality have found that
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interferon-P exposure may be associated with preterm deliv
ery (before 37 weeks), as well as lower weight and length at 
birth, but did not find an association between interferon 
exposure and birthweight below 2500 g, major malforma
tions, or spontaneous abortion. Recently, the manufacturers 
of interferon (3-1 b released information on the largest prospec
tive cohort of pregnancies exposed to this interferon from their 
international pharmacovigilance database.13’ Among 1045 preg
nancies, no increased risk of spontaneous abortions or major 
anomalies was reported compared with expected population 
rates. They also detected no change in preterm birth or SGA 
infants. It should be noted that the majority of patients in these 
studies had limited exposure to interferon-P (average of 4 to 8 
weeks), and no conclusions can be reached about exposure 
throughout pregnancy or long-term effects.

Glatiramer acetate is also used to treat frequent relapses in 
those with relapsing remitting MS. It is a large macromolecule 
that likely does not pass the placenta.129 Preclinical studies did 
not demonstrate adverse effects of glatiramer acetate on off
spring of exposed animals, and thus it received a class B designa
tion from the FDA. Studies of glatiramer acetate in pregnancy 
are based on small cohorts, but two studies have evaluated 
women exposed to the drug throughout pregnancy. Salminen 
and coworkers134 prospectively followed 13 women exposed to 
glatiramer from preconception through pregnancy and the post
partum period and found no congenital anomalies, and the 
treatment was well tolerated. Fragoso and colleagues131 retro
spectively evaluated 11 women who used glatiramer continu
ously for at least 7 months during pregnancy. Children were 
followed for at least 1 year after birth. No congenital anomalies, 
neonatal complications, or developmental abnormalities were 
seen in the children. Postnatal MS relapse rates remained sig
nificantly lower than antenatal rates in these women.135 Although 
data are significantly limited by the small sample sizes, most 
experts feel that glatiramer acetate is the DMA o f choice if 
one must be used during pregnancy, although the patient’s 
history o f response to this drug must also be considered.

Dimethyl fumarate, teriflunomide, and fingolimod are oral 
agents that have been recently introduced and have been shown 
to reduce relapse rates, as well as disability scores, in patients 
with MS. They are popular given that they are oral formulations. 
Animal studies have raised concern for embryolethality and tera
togenicity of these medications, and clinical experience with 
these drugs in human pregnancy is limited to accidental expo
sures in clinical trials and postmarketing surveillance. It is rec
ommended that effective contraception be used with each of 
these drugs and that they not be continued in pregnancy. In 
addition, given the long-term effects and half-lives of some of 
these oral agents, it is recommended that they be stopped prior 
to discontinuation of contraception (see Table 49-2). A special 
“washout” protocol is advised for teriflunomide.

In animal studies of dimethyl fumarate, an increased risk of 
spontaneous abortion and adverse fetal outcome (decreased fetal 
weight and delayed ossification) were seen at supratherapeutic 
doses and were thought to be due to maternal toxicity.1’6 Neu
rodevelopmental effects were observed in animals at all doses 
tested. No increased risk of spontaneous abortion or fetal abnor
malities was noted in 69 reports of human pregnancies exposed 
to dimethyl fumarate in clinical trials or postmarketing 
surveillance.1’

Teriflunomide has been associated with embryotoxicity and 
teratogenicity in animals.138 In 83 pregnancies of women with

MS and 22 pregnancies of partners of men with MS taking teri
flunomide, the risks of spontaneous abortions or fetal abnor
malities were not increased.139 Because of the concern of 
teratogenesis, as well as the long half-life of teriflunomide, con
traception is recommended during and after treatment. A 
“washout” protocol with activated charcoal or cholestyramine is 
recommended for women who plan to conceive and for those 
who become pregnant while taking the drug. In a systematic 
review, an international multidisciplinary consortium recom
mended that for teriflunomide, “Conception should be tied to 
plasma concentration levels less than 0.02 mg/mL rather 
than to the 5 maximal half-lives algorithm for exponential 
decay.”140 Because teriflunomide is also present in the sperm of 
men who take the drug, a similar protocol is recommended for 
men planning to conceive.

Animal studies of fingolimod have demonstrated embryo
lethality and teratogenic effects with doses lower than those 
recommended in humans.141 In a report of 89 pregnancies that 
occurred during the clinical studies of the drug, the rate of spon
taneous abortions was 24% (slightly higher than the expected 
baseline rate of 15% to 20% according to the authors), and 
five cases of “abnormal fetal development” were reported that 
included one case of each of acrania, bowing of the tibia, tetralogy 
of Fallot, intrauterine death, and failure of fetal development.14”

Second-Line Agents
Natalizumab is a humanized monoclonal immunoglobulin (Ig) 
G4 antibody to human a 4  integrin that works against many 
processes involved in human development. However, it is a large 
molecule that should not cross the placenta. Wehner and col
leagues143 set out to examine postnatal development in monkeys 
exposed to this medication. In the first cohort of monkeys, an 
increase in spontaneous abortions occurred. However, the rate 
in the control group was low (7%). In the second cohort studied, 
the spontaneous abortion rates were equivalent in both groups. 
These researchers found no adverse effects on the general health, 
survival, development, or immunologic structure or function of 
the newborn monkeys whose mothers were treated with natali
zumab. Ebrahimi and colleagues144 reported on 101 pregnancies 
in patients who received natalizumab during pregnancy or up 
to 8 weeks before the last menstrual period. The patients were 
ascertained from a prospective registry of M S patients and were 
paired with disease-matched controls. The authors found no 
significant difference in the presence of malformations, low 
birthweight, or preterm birth between the two groups. In a case 
series of 13 pregnancies in 12 women with highly active MS 
who were treated with natalizumab in the third trimester, 
Haghikia and colleagues145 reported mild to moderate hemato
logic abnormalities, including thrombocytopenia and anemia, 
in 10 of 13 infants. In most children, the abnormalities resolved 
without consequence within 4 months of delivery. One child 
had subclinical bleeding and another was born with a cystic 
abnormality in the thalamic region thought to be due to prior 
hemorrhage, although no developmental consequences were 
obvious at 2 years of age. No consensus has been reached on 
when to stop natalizumab prior to conception. Some experts 
recommend, based on the above data, that the drug can be 
continued up to the time of conception, checking pregnancy 
tests before each infusion.118 Others believe waiting 1 to 3 
months before conceiving is appropriate.129 The antibody can be 
removed from the blood with a series of plasma exchanges, but 
this is rarely thought to be necessary.
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Alemtuzumab is another humanized monoclonal antibody 
approved as a second-line drug for MS in 2013. It is directed 
against CD52 and causes a long-lasting depletion of lympho
cytes. It is given as a yearly infusion and can be complicated by 
immune-mediated thyroid disease in one third of patients. 
Animal exposure to alemtuzumab during gestation increased the 
risk of fetal death in rodents.138 Limited data are available in 
humans. In the only clinical abstract,146 139 pregnancies in 104 
patients were reported. The rate of spontaneous abortion was 
17%, which the authors stated was comparable to that of the 
general population. Eleven adverse events without a clear pattern 
were also reported, along with one case of thyrotoxic crisis. 
Contraception is therefore recommended for 4 months after 
discontinuing alemtuzumab.138

Mitoxantrone is a second-line agent for the treatment of 
MS, and cyclophosphamide is occasionally used for severe 
cases. Both treatments can cause amenorrhea in one third of 
patients, and cyclophosphamide is associated with ovarian 
toxicity.138 In animals, cyclophosphamide has been shown to 
cause genetic abnormalities in female germ cells; however, very 
little is known about the effects of mitoxantrone and cyclophos
phamide during pregnancy. The risks of both are felt to outweigh 
potential benefits of both in pregnancy. It is recommended that 
contraception be continued for 6 months after mitoxantrone 
and 3 months after cyclophosphamide have been stopped.

Prepregnancy Counseling for Patients 
With Multiple Sclerosis
Women with MS should be counseled about reproductive 
choices at the time of diagnosis and before starting a DMA. The 
topic should also be revisited regularly. Patients should be reas
sured that the vast majority o f women with MS can have 
healthy pregnancies and that MS in the mother does not pose 
an adverse risk to the fetus. Additionally, they should be told 
that pregnancy will likely reduce the risk of MS flares temporar
ily, and although they may worsen in some women in the 
postpartum period, pregnancy likely does not have any adverse 
effect on long-term disease course. The decision of whether to 
start a DMA and which DMA to start depends on the patient’s 
disease burden and timeline for conception.

Timing of conception is very important for a woman with 
M S, given that disease burden prior to conception may affect 
the course of the pregnancy. For a woman with very active 
disease, a neurologist might recommend treatment with a DMA 
for 1 year to obtain better disease control before conception. 
O f course, given uncertainties around ovarian function in 
women with M S, the patient’s age and an assessment of fertility 
may also be considered. Women who require treatment with 
drugs such as cyclophosphamide or mitoxantrone may want to 
consider fertility preservation prior to beginning treatment. 
Women should be counseled on the recommended timeline to 
continue contraception following discontinuation of a DMA 
(see Table 49-2).

Some women with MS may be concerned about the risk of 
passing the disease on to their children. MS is a polygenic dis
order and combined effects of genetic susceptibility and environ
ment determines an individual’s risk. The risk o f developing 
MS in a child with a single parent with MS is 2% to 2.5% .’ 1 
Whereas this is a twentyfold increase from the baseline popula
tion risk, the absolute likelihood that a mother will pass MS on 
to her child is still very low and usually is not a reason to avoid 
pregnancy.118

Women with MS should also receive general prenatal coun
seling that includes stressing the importance of supplementa
tion with a prenatal vitamin. Vitamin D deficiency is gaining 
more attention as an environmental factor that affects suscepti
bility to MS and MS relapses. Vitamin D deficiency in a mother 
may also affect her child’s subsequent risk of developing MS. In 
a small open-label trial, pregnant women with MS and low 
vitamin D levels were randomized to 50,000 IU of vitamin D3 
a week, starting at weeks 12 to 16 of gestation, or routine care.148 
The group of six who received “high-dose” vitamin D had 
normal postpartum levels of vitamin D, whereas the nine 
patients who received routine care did not. No adverse effects 
of supplementation were reported during pregnancy or 6 months 
postpartum, although no conclusions can be made about long
term fetal effects. Patients who received the high-dose vitamin 
D appeared to do better in terms of EDSS and relapse rate, but 
these data are limited by the small sample size and open-label 
methodology. The optimal dose of vitamin D in pregnancy is 
not known, but a consortium of experts recommended that 
1000 to 2000 IU daily should be safe.140 Ideally, the vitamin D 
level should be checked and optimized before pregnancy, and a 
dose of 1000 to 2000 IU can be continued in pregnancy.

Management of Multiple Sclerosis 
During Pregnancy
No specific changes in routine obstetric care are recom
mended for women with MS. Women with disturbances in 
bladder function may be more prone to urinary tract infections 
and need to be monitored more frequently. Urinalysis and 
culture should be checked in the setting of new or worsening 
symptoms because infections can often exacerbate the presenta
tion of MS.

If an acute and severe MS relapse occurs during pregnancy, 
treatment with corticosteroids may hasten recovery. The typical 
regimen is 1 g of methylprednisolone daily for 3 to 7 days, 
which can be given intravenously or orally; no oral taper is used. 
Methylprednisolone or the equivalent dose of prednisolone and 
prednisone are recommended if  steroids are needed because less 
than 10% of these steroids pass across the placenta. When pos
sible, it is recommended that steroid use be minimized in preg
nancy, and ideally, it should be avoided in the first trimester. 
Safety information on the fetal effects of steroids is limited but 
some older studies associated steroid exposure with an increased 
risk of cleft lip and palate (see Chapter 8 ).140 Questions were 
also raised by studies that suggested low birthweight and prema
ture delivery as a result of steroid use. IV immunoglobulin 
(IVIG) can be used as an alternative to steroids or when steroids 
fail, but safety data on IVIG is also lim ited.14'1 Monthly IVIG 
or steroids can also be considered for women with active disease 
during pregnancy to decrease the risk of relapses.

Labor and Delivery
In the past, anesthesiologists had been concerned that epidural 
analgesia might somehow worsen the disease or promote relapses. 
In both the PRIMS study116,117 and a large Italian cohort,14’ only 
18% to 19% of women with MS received epidural analgesia. In 
the PRIMS study, a trend was seen toward a higher relapse rate 
in the first 3 months postpartum in women who received epi
durals, but this effect did not reach statistical significance. In 
the Italian study by Pasto and colleagues,141 no increase was 
seen in relapse rate or EDSS score I year after delivery in 
women with MS who had received epidural anesthesia.
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Perceptions of the risk of anesthesia may have changed. A more 
recent population-based study performed in Canada found that 
nulliparous women with MS received epidural or spinal anes
thesia at a rate similar to that of the general population. However, 
multiparous women with MS were more likely to receive epidu
ral analgesia.110

Cesarean delivery is usually not indicated in women with
MS. Only in rare cases of severe or active disease that affects the 
spinal cord may MS affect a patient’s ability to labor safely. 
Across five studies assessed in a recent meta-analysis, cesarean 
delivery rates varied from 9.6% to 42% ,119 which likely reflects 
the variability of practice among different cultures and practi
tioners. Pasto and colleagues149 found no association between 
cesarean delivery and relapse rate or disability scores in Italian 
women with MS.

Breastfeeding and the Postpartum Period
Breastfeeding in women with MS is a controversial and 
actively debated topic. Some studies have suggested that breast
feeding has a protective effect on MS relapses, whereas others 
report no effect on disease activity. The PRIMS study found 
that breastfeeding had no effect on the rate o f MS relapses 
in the first 3 months postpartum.116,117 A more recent study of 
302 pregnant women with MS treated at Italian MS centers also 
found no effect of breastfeeding on disease activity. The authors 
noted that breastfeeding may not be possible for women 
with high disease burden.128 Other studies have suggested, how
ever, that breastfeeding—particularly exclusive breastfeeding— 
may reduce the likelihood of MS relapses in the postpartum 
period.151,152 A 2012 meta-analysis of 12 studies of MS and 
breastfeeding found that women who did not breastfeed were 
nearly twice as likely to have at least one relapse in the postpar
tum period.153 This result was significant but was limited by the 
variability of the studies available. The authors cautioned that it 
is not possible to completely control for the possibility that 
women with more benign disease may also be more likely to 
breastfeed.

The decision to breastfeed is made more complicated by a 
woman or her doctor’s desire for her to resume DMAs. Most 
experts state that DMAs should not be resumed while a 
woman is breastfeeding.118 129 138 However, this recommenda
tion is based on a lack o f evidence about the safety o f these 
drugs in breastfeeding rather than evidence o f harm. Unfor
tunately, this conservative approach will likely prevent the ability 
to gather important data on the safety of some of these therapies 
during breastfeeding, as has been done with AEDs, and may 
make patients more reluctant to breastfeed.

Both interferons and glatiramer acetate are large molecules 
that are not orally bioavailable. It is unlikely that they pass into 
breastmilk, although this has not been studied systematically. 
Interferon p - la  transfer into breastmilk was assessed in six 
women, and the relative infant dose was estimated at 0.006%. 
No adverse effects were noted in the infants who were exposed 
through breastmilk.154 In another small study of glatiramer 
acetate and breastfeeding, no problems were noted in nine 
infants exposed through breastmilk for an average of 3.6 
months.135 Nevertheless, official recommendations continue 
to state that all DMAs should be held in women who plan to 
breastfeed, and thus most women must make a choice between 
breastfeeding and resuming a DMA. A minority of physicians 
are comfortable with patients breastfeeding while taking glat
iramer acetate.129 It is important to note, however, that the

onset of action of these first-line therapies is delayed, typically 
by 2 months, and even if they are started immediately postpar
tum, they may not provide protection from relapses in the 
immediate postpartum period. Pulse doses of IVIG155'1’ or 
methylprednisolone158 have been tried to prevent relapses in the 
postpartum period, but differing results and methodologic lim i
tations make it difficult to draw firm conclusions about the 
benefit of this approach.118

Postpartum, women with MS will often need help with their 
own care and the care of their infant. This depends greatly on 
the patient’s level of disability and whether she experiences a 
relapse. For all patients who are pregnant or considering preg
nancy, it is helpful to discuss the need for support from friends 
and family members in the postpartum period as well as to 
prepare a contingency plan for infant care in the event of a 
disabling MS relapse.

HEADACHE
Headache disorders can be divided into two classes, primary and 
secondary. Primary headache disorders include migraine and 
tension-type headaches as well as cluster headaches, although the 
latter are rare in women. Both migraine and tension-type head
aches improve in pregnancy, although some may persist. The 
biggest challenge in evaluating headache is to rule out secondary 
headache disorders (Fig. 49-2), which are symptomatic of under
lying and potentially deleterious pathologies. Most patients with 
primary headaches such as migraine have a prior history of a 
similar headache pattern. Any new symptoms or headache 
pattern and all new-onset headaches, even if they have a migrain
ous quality, should prompt evaluation for underlying causes. It 
is also important to be aware of the appropriate treatments for 
these conditions.

Migraine
Headaches are extremely common in women, and the majority 
of migraine headaches occur in women of childbearing age. 
Migraines are associated with vasodilation of the cerebral

FIG 49-2 Differential diagnosis of headaches in pregnancy. PRES, pos
terior reversible encephalopathy syndrome.
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vasculature and typically last several hours. Onset is usually 
subacute and the headache is often unilateral and pounding and 
is often accompanied by photosensitivity and/or phonosensitiv- 
ity and nausea. Migraines can be classified as those with aura 
and those without. M igraines w ith  aura are characterized by 
reversible focal neurologic symptoms that occur before the 
headache. Visual auras are common, but aphasia or unilateral 
numbness or weakness may also occur, which sometimes makes 
such headaches difficult to distinguish from transient ischemic 
attacks. The migraine aura should be fully reversible in 5 to 
60 minutes, and sometimes the aura can occur without a 
headache.

Migraine symptoms tend to improve during pregnancy.
Maggioni and colleagues159 found that 80% of patients experi
enced either complete remission or a 50% reduction in head
aches during pregnancy. Improvement was more common after 
the first trimester. Migraine type does not seem to be a prog
nostic factor. Those with menstrual (catamenial) migraines had 
the most improvement. However, 4% to 8% show significant 
worsening during pregnancy. In a study by Ertresvag and col
leagues,160 58% of subjects with migraine reported having no 
headache during pregnancy. Transient neurologic symptoms 
were more common in patients with a history of migraine. Chen

and Leviton161 examined data from the large, prospective Col
laborative Perinatal Project of 55,000 pregnancies. They found 
that less than 2% of women in the sample were considered to 
have migraines at their initial prenatal visit. O f the 484 (of 508) 
women with a complete data set, 17% experienced complete 
cessation of headache throughout pregnancy, and an additional 
62% had two or fewer headaches in the third trimester. Only 
21% of these women had no improvement in their headache. 
The authors examined all available demographic and pregnancy 
factors and could find none that could be used to predict head
ache improvement during pregnancy.

Using a nationwide population-based database in Taiwan, 
Chen and colleagues162 identified 4911 women with migraines 
who delivered from 2001 to 2003. After adjusting for confound- 
ers, they found an increased risk for low birthweight (OR, 1.16), 
preterm birth (OR, 1.24), cesarean delivery (OR, 1.16), and pre
eclampsia (OR, 1.34). Although these increases were not large, 
they were all statistically significant.162 More research needs to 
be undertaken to determine whether these increases apply to 
different populations and if  they are clinically significant.

Migraine treatment is divided into abortive and prophylactic 
treatments (Tables 49-3 and 49-4). Given the anticipated 
improvement of migraines during pregnancy, most women do

TABLE 49-3 ABORTIVE TREATMENTS FOR PRIMARY HEADACHES IN PREGNANCY
BEST STU D IED /
RECOM M ENDED M ALFO R M ATIO N  RISK

Preferred
Nonpharmacologic Hydration, sleep,

measures caffeine
Acetaminophen Acetaminophen

NSAIDs

Antiemetics

Less Preferred
Triptans

Opiates

Ergots

Ibuprofen

Metoclopramide

Sumatriptan

Oxycodone

Avoid if Possible
Barbiturates Butalbital

Dihydroergotamine
Erogtamine

NA

No known associations with 
MCMs have been reported.

Possible associations were found 
with cardiac anomalies and oral 
clefts, but studies vary.

No association was found with 
MCMs in limited studies.

Data from case series suggest no 
increased risk of MCMs, but 
these were usually cases of 
inadvertent first-trimester use.

Recent study links first-trimester 
opiates to increased risk of 
certain MCMs, including heart 
defects and spina bifida.*

No data are available on butalbital 
in animals or humans, but 
extrapolating from 
phenobarbital data, an increased 
risk of MCMs is likely.

Data are limited.

OTHER CO M M ENTS

Recent concerns over associations with 
behavioral abnormalities and 
asthma1 have been raised, but more 
research is needed.

NSAIDs must be avoided in the third 
trimester because of increased risk 
of premature PDA closure and 
oligohydramnios; an association 
with asthma in children was 
recently reported, but more 
research is needed.1

A risk of tardive dyskinesia is present 
for the mother.

Effects on later pregnancy have not 
been well studied.

Typically ineffective for migraine, 
these agents can create dependence; 
neonatal withdrawal has also been 
noted with use near term.

Based on phenobarbital data, concern 
exists for cognitive effects of 
butalbital exposure; risk of 
neonatal withdrawal is present with 
use near term.

Ergots cause vasoconstriction of 
uterine vessels and are potentially 
abortifacient; therefore use is 
contraindicated in pregnancy.

BREASTFEEDING
CO M PATIBLE

Yes

Yes

Yes

Yes

Yes

Yes, but monitor infant for 
sedation

Not recommended because 
of the long half-life and 
potential for sedation

Not recommended because 
of nausea, vomiting, and 
weakness in the infant 
and suppression of 
prolactin in the mother.

"Sordillo JE, Scirica CV, Rifas-Shiman SL, et al. Prenatal and infant exposure to acetaminophen and ibuprofen and the risk for wheeze and asthma in children. J  A llergy Clin Imm unol.

^Broussard CS, Rasmussen SA, Reefhuis ] , et al. Maternal treatment with opioid analgesics and risk for birth defects. Am J  Obstet Gynecol. 2011 ;204(4):314 c l
tLiew  Z, Ritz B, Rebordosa C, Lee PC, Olsen J. Acetaminophen use during pregnancy, behavioral problems, and hyperkinetic disorders. JAMA Pediatr. 2014;168(4):313-320.
MCM, major congenital malformation; N/A, not applicable; NSAID, nonsteroidal antiinflammatory drug; PDA, patent ductus arteriosus.
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TABLE 49-4 PROPHYLACTIC TREATMENTS FOR PRIMARY HEADACHE DISORDERS IN PREGNANCY
BEST STU D IED / 
RECOMMENDED M ALFO R M ATIO N  RISK OTHER CO M M ENTS

BREASTFEEDING
C O M PATIBLE

Preferred
Nonpharmacologic

measures
Stress reduction 
Acupuncture 
Physical therapy

No known association Many chronic migraneurs will not need 
any prophylactic migraine medications 
in pregnancy

Yes

Magnesium Magnesium sulfate Limited data The FDA recommends upper limit of 
350 mg/day; may decrease risk of 
eclampsia, but may have GI side 
effects

Yes

Coenzyme Q10 Coenzyme Q10 Limited data
Not recommended for use 

prior to 20 weeks’ gestation

May decrease risk of preeclampsia in 
migraneurs when given after 20 weeks

Probably

Less Preferred
(3-Blockers Propranolol

Metoprolol
Limited data
Possible intrauterine growth 

restriction

Possible fetal bradycardia, hypoglycemia, 
respiratory depression; stop 2 to 3 
days before delivery to avoid fetal 
bradycardia and impairment of 
uterine contractions

Yes
Propranolol seems to pose low 

risk

Tricyclic
antidepressants

Amitriptyline Limited data; possible limb 
deformities, CNS effects 
with higher doses, but 
none noted in range of 10 
to 50 mg/day

Drug of choice for tension-type headache 
prophylaxis in pregnancy, if  needed

Probably
Low levels are found in breast 

milk

Calcium channel 
blockers

Verapamil Limited data on high doses in 
pregnancy

Drug of choice for cluster headache 
prophylaxis in pregnancy if needed; 
monitor maternal ECG for heart 
block every 6 months or with dose 
changes; consider increased fetal 
monitoring

Probably
Maternal doses up to 

360 mg/day are used 
without adverse effect

Avoid if Possible
Topiramate Topiramate Increased risk of MCM, 

especially oral clefts
Increased risk for SGA infants, possible 

cognitive effects on infant though not 
well studied

Possibly compatible but not 
well studied 

If used, monitor infant for 
metabolic acidosis, 
lethargy, and overheating

Valproic acid Valproic acid Substantially increased risk of 
MCMs including spina 
bifida

Increased risk of adverse cognitive 
outcomes such as lower IQ and 
autism; contraindicated in pregnancy 
for treatment of migraine

Yes

Lithium Lithium Associated with fetal cardiac 
anomalies as well as 
polyhydramnios, cardiac 
arrhythmias, hypoglycemia, 
diabetes insipidus, and 
thyroid abnormalities

Not indicated for the treatment of 
migraine; used for cluster headache; 
contraindicated for headache 
treatment in pregnancy; associated 
with neonatal withdrawal

Possibly compatible, but 
caution is advised because 
of hypotonia and ECG 
changes in infant; lithium 
can be considered in 
closely monitored patients

CNS, central nervous system; ECG, electrocardiogram; FDA, U.S. Food and Drug Administration; GI, gastrointestinal; IQ, intelligence quotient; MCM, major congenital malformation; 
SGA, small for gestational age.
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not need to take prophylactic treatment, and such treatment 
is usually weaned prior to conception. Nonpharmacologic mea
sures such as sleep, hydration, and relaxation techniques are the 
first-line treatment for migraines during gestation. For drug 
therapy, acetaminophen is initially recommended. Ibuprofen 
can be used in the first and second trimester, but the use of 
nonsteroidal antiinflammatory drugs (NSAIDs) should be 
avoided if  possible after 24 weeks’ gestation. When used for 
more than 48 hours, these agents can cause oligohydramnios 
and premature closure of the ductus arteriosus. Although opiates 
are often prescribed during pregnancy, these are actually not 
preferred for migraine treatment because they are typically inef
fective, increase nausea, and decrease gastric motility. Antiemetic 
therapy may be helpful, but barbiturates should be avoided if 
possible.

Sumatriptan, a serotonin receptor agonist, is very successful 
in treating migraines acutely. In a review by O’Quinn and col
leagues,163 no untoward effects were reported in 76 first-trimester

exposures to sumatriptan. Using logistic regression, Olesen and 
colleagues164 compared 34 pregnancies with sumatriptan expo
sures with 89 migraine controls and 15,995 healthy women. 
They found that the risk of preterm birth was elevated with 
exposure (OR, 6.3) as was the risk of IUGR.164 They do state 
that they did not control for disease severity. A larger study by 
Kallen and Lygner165 did not confirm these findings. In 658 
infants whose mothers used sumatriptan during pregnancy, 
no significant difference in prematurity or low birthweight 
was noted.165 Hilaire and colleagues166 found birth defects in 
3% to 5% of infants exposed to sumatriptan in the first trimes
ter, a rate not greater than expected.

Recent studies have demonstrated that sumatriptan can be 
used during pregnancy. In a large Norwegian database, no 
increase in congenital anomalies or other adverse pregnancy 
outcomes was reported. However, increases were seen in intra
partum bleeding (OR, 1.5) and uterine atony (OR, 1.4). Ephross 
and Sinclair16 reviewed 528 first-trimester exposures to
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sumatriptan and 57 to naratriptan and observed an anomaly rate 
similar to that of the background population; however, this 
study had no control group. Evans and Lorber described all 
available studies from 1990 through 2007 and also contacted 
the manufacturers of seven triptan medications; they concluded 
that data are sufficient to recommend the use o f sumatriptan 
for treatment o f migraine in the first trimester and also feel 
that naratriptan and rizatriptan are probably safe. Although 
these medications are acceptable for use in the second and third 
trimesters, little information is available regarding their use in 
late pregnancy. Soldin and colleagues1< s confirm these find
ings and also stress that sumatriptan should be the triptan 
of choice because more data are available concerning its use 
in pregnancy.

Ergotamine should be avoided during pregnancy. Previous 
reports have suggested that it may cause birth defects that have 
a vascular disruptive etiology. In addition, ergots are uterotonic 
and have an abortifacient potential.

Dietary factors may precipitate migraine attacks. Therefore 
careful history may uncover foods that should be avoided, 
including foods that contain monosodium glutamate (MSG), 
red wine, cured meats, and strong cheeses that contain tyramine. 
Relative hypoglycemia and alcohol can also trigger migraine 
attacks. M any individuals have recommended, without support
ing evidence, dietary supplements and vitamins for migraine 
prevention. In a small study, Maizels and co lleagues '' demon
strated a possible role for riboflavin and magnesium in the 
prevention of migraines.

Secondary Headache in Pregnancy
Headaches during pregnancy can be a symptom o f underly
ing intracranial pathology. Concerning causes of secondary 
headache in pregnancy include idiopathic intracranial hyperten
sion, cerebral venous thrombosis (CVT), subarachnoid hemor
rhage, and stroke. Symptoms that should prompt further 
evaluation include abrupt onset o f symptoms, persistent 
headache, and positional component. Any associated focal 
neurologic signs or vision changes should also prompt addi
tional investigation unless they are a typical part o f a patient’s 
migraine aura. Patients with primary headache disorders can 
get secondary headaches, so any change in pattern or new 
symptoms should also be considered evidence o f a possible 
underlying problem.

Idiopathic Intracranial Hypertension 
(Pseudotumor Cerebri)
Idiopathic intracranial hypertension (IIH) may complicate 2% 
to 12% of pregnancies.170 It had been thought to occur more 
frequently in pregnant women, particularly those who are obese. 
However, in a study by Ireland and colleagues,1 1 the incidence 
in pregnant women and in oral contraceptive users was no 
higher than that in control groups. The headache of IIH is 
usually subacute in onset and is present daily. It may be aggra
vated by lying down and may be worse in the morning. However, 
the positional component is not always typical. More than 
90%  o f patients with IIH have headaches, and 40%  have 
horizontal diplopia.170 Patients with IIH may also report tran
sient visual obscurations that last less than one minute and may 
also report pulsatile tinnitus. Papilledema is a characteristic 
feature o f the condition and is present in the majority of 
cases. If left untreated, IIH can progress to permanent visual 
loss. To establish the diagnosis, other causes of intracranial

hypertension must be excluded, such as an intracranial mass or 
CVT, and elevated cerebrospinal fluid (CSF) pressure (>250 mm 
H20) with normal CSF composition must be demonstrated.1 
MRI and magnetic resonance venogram (MRV) of the brain 
without contrast are the imaging modalities of choice and must 
be performed before a lumbar puncture to avoid herniation in 
the setting of a mass lesion. The pathogenesis of this disorder 
is unknown, but CSF prolactin is markedly elevated. Prolactin 
appears to have an affinity for receptors in the choroid plexus, 
where CSF is produced. Prolactin has osmoregulatory functions 
and therefore may have a role in the increased CSF production 
found in IIH, although some believe that reduced CSF reabsorp
tion is the etiology. Pregnancy outcome appears to be unaf
fected by IIH,1 2 and no increase in fetal wastage or congenital 
anomalies are reported.

The main objectives o f treatment for IIH are relief o f pain 
and preservation o f vision. The patient should be followed 
closely with visual acuity and visual field determinations at inter
vals indicated by the clinical condition. In patients with mild 
disease, analgesics and close follow-up may be adequate. Moder
ate weight loss is recommended. For patients without improve
ment or those at risk for visual deterioration, acetazolamide— a 
carbonic anhydrase inhibitor that reduces CSF production— is 
the first-line treatment. Lee and colleagues173 treated 12 patients 
with acetazolamide during pregnancy and reported no adverse 
fetal outcomes. They reviewed the English language literature 
and found nothing to contradict this assertion. The usual dose 
of acetazolamide is 500 mg twice daily. Steroids are rarely used 
for IIH; they are reserved for cases with impending vision loss 
in patients awaiting a surgical intervention. Serial lumbar punc
tures to reduce CSF pressure are rarely necessary but can effec
tively lower intracranial pressure transiently. Surgical approaches 
are reserved for refractory patients in whom rapid visual deterio
ration occurs. The two most common procedures are optic nerve 
sheath fenestration and lumboperitoneal or ventriculoperitoneal 
shunt.

IIH is not usually an indication for cesarean delivery. A
review of the literature reveals that 73% of the reported patients 
delivered vaginally. Although no data are available to confirm 
this, the Valsalva maneuver—which can increase CSF pressure— 
should be minimized when possible. Therefore the second stage 
of labor should be shortened by operative vaginal delivery if 
possible. Both epidural and spinal anesthesia, when expertly 
administered, can be safely used in patients with IIH. 
However, in patients with lumboperitoneal shunts, the anes
thetic should be directed away from the spinal canal. Month and 
Vaida174 reported a successful spinal epidural technique during 
which 5 to 6 mL of CSF withdrawn at the time of analgesia 
provided additional relief.

Cerebral Vein Thrombosis
In patients with cerebral venous thrombosis (CVT), the chief 
symptoms are similar to those of IIH because the initial mani
festations are due to increased intracranial pressure. Patients 
typically present with a subacute, progressive, unremitting 
headache that may be worse when lying down. As in IIH, 
patients may have diplopia and pulsatile tinnitus. Patients with 
CVT may also demonstrate papilledema. CVT can be compli
cated by a venous infarction with or without bleeding, which 
often leads to focal neurologic deficits and seizures. Severe head
ache with vomiting can be seen and should raise concern for 
acute worsening, such as associated stroke or hemorrhage. CVT
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occurs most frequently during the immediate postpartum period 
but can occur at any stage of pregnancy. It is often attributed to 
a hypercoagulable state. An incidence of 1 in 10,000 pregnancies 
was suggested in one study.175 Vora and colleagues17 reviewed 
37,420 pregnancies in a Mumbai, India hospital between 2002 
and 2006 and found a 0.1% incidence of thrombotic phenom
ena. Of these, 10% were documented cortical vein thromboses, 
confirming the incidence of 1 in 10,000 pregnancies.176 CVT 
can be misdiagnosed as a postepidural headache, and this should 
be considered in the differential diagnosis. When CVT has a 
positional component, it should be worse lying and better stand
ing, whereas a low-pressure headache often exhibits the reverse. 
These patterns are not always observed in individual patients, 
however; therefore CVT should be considered in the differential 
of all postpartum headaches.

MRI and MRV o f the brain are the diagnostic tests o f 
choice, and IV contrast is not needed to make the diagnosis. 
Anticoagulation, typically with low-molecular-weight heparin 
(LM W H), is the mainstay of treatment during pregnancy and 
breastfeeding. Workup for underlying thrombophilias is indi
cated to determine the duration of treatment. Prothrombin and 
factor V Leiden mutations can be performed during pregnancy, 
but other tests of hypercoagulability should be assessed 6 weeks 
or more after delivery (see Chapter 45). Seizures can be treated 
symptomatically with anticonvulsants, although little evidence 
is available to suggest the appropriate duration of AED treat
ment. M any neurologists and neurosurgeons advocate expectant 
management and do not routinely use AEDs for these symp
tomatic seizures. Women who have had a CVT during preg
nancy should avoid hormonal contraception, and women 
with a history o f clotting while on hormonal contraception 
should use prophylactic anticoagulation during pregnancy.

Subarachnoid Hemorrhage
Subarachnoid hemorrhage (SAH) usually manifests with a 
sudden “thunderclap” headache that is often associated with 
vomiting, stiff neck, and fluctuations o f consciousness.
Patients often refer to it as the “worst headache of their life.” 
This presentation is a medical emergency that necessitates an 
emergency head CT scan, which is better than an MRI for 
visualizing bleeding. Even if  the CT scan is negative, a lumbar 
puncture is indicated in patients with a suspicious history to 
exclude intrathecal blood. Up to 50% of aneurysmal SAHs are 
preceded by a “sentinel” bleed and a headache that should not 
go undiagnosed. The rate of SAH complicating pregnancy is 
approximately 1 per 10,400.177 Robinson and coworkers178 eval
uated 26 patients with spontaneous SAH during pregnancy and 
found that approximately half were caused by aneurysms and 
half by arteriovenous (AV) malformations. They observed that 
AV malformations are more common in patients younger than 
25 years of age and usually bleed before 20 weeks’ gestation. 
Conversely, aneurysms occurred in patients older than 30 years 
of age and usually bled in the third trimester.

Cerebral angiography can be used to pinpoint the origin of 
cerebral bleeding. SAH due to aneurysms should be treated 
surgically whenever possible. In one study, SAH without early 
surgery resulted in a maternal mortality of 63% and a fetal 
mortality of 27%. W ith early surgery, the risk of mortality was 
lowered to 11% and 5%, respectively.179 Surgery under hypo
thermia or hypotension appears to cause no adverse fetal effects. 
At an appropriate gestational age, the fetal heart rate should be 
monitored during the procedure. If fetal bradycardia occurs, the

patient’s blood pressure should be raised sufficiently to normalize 
the fetal heart rate.

Reversible Cerebral Vasoconstriction
Reversible cerebral vasoconstriction syndrome (RCVS) can 
present with a similar “thunderclap” headache. It may also 
present with focal neurologic deficits, seizures, and fluctuat
ing levels o f consciousness. RCVS can be complicated by 
stroke, nonaneurysmal SAH, and cerebral edema. Postpartum 
angiopathy is a type of RCVS often seen in the immediate 
postpartum period and is characterized by severe headaches with 
reversible narrowing of the intracranial vessels. Diagnosis can 
often be made by MRI and magnetic resonance angiography 
(MRA) of the brain. Alternatively, computed tomographic angi
ography (CTA) may be used for imaging or, rarely, an angiogram 
is needed. Treatment with nimodipine appears to help the head
aches.180 In a review of cerebrovascular disorders of pregnancy, 
however, Feske and Singhal183 point out that postpartum angi
opathy is on the same spectrum as eclampsia and posterior 
reversible encephalopathy syndrome (PRES; see Chapter 31, 
Figs. 31-13 and 31-14). Despite the lack of proteinuria in post
partum angiopathy/RCVS, the similarities of imaging findings 
suggest that they are likely mediated by the same pathologic 
process. Thus the authors argue that magnesium sulfate infu
sions similar to those used in eclampsia should be given to 
women with postpartum angiopathy to control blood pressure 
and seizures.

STROKE
Strokes can be divided into ischemic and hemorrhagic strokes. 
Ischemic strokes are usually the result of an arterial occlusion 
from cardioembolism and can also occur secondary to a CVT. 
Arterial dissection is also a common cause of stroke in young 
people and may be seen in pregnancy. Hemorrhagic strokes can 
be secondary to a variety of causes and may occur from severe 
hypertension alone or may be secondary to an underlying aneu
rysm or vascular malformation. Ischemic strokes can also exhibit 
hemorrhagic conversion. Preeclampsia and eclampsia are risk 
factors for both ischemic and hemorrhagic strokes.

Ischemic Stroke
Ischemic stroke is diagnosed in 34 per 100,000 deliveries, 
with 1.4 deaths per 100,000. The risk of stroke is increased 
in patients older than 35 years and in black women. Del Zotto 
and colleagues181 reviewed multiple worldwide databases and 
showed that varied incidences between 4 and 41 per 100,000 
deliveries. The highest risk was in patients with preeclampsia. 
Predisposing factors such as preeclampsia, chronic hypertension, 
or hypotensive episodes can be demonstrated in about one 
third of these patients. Brown and colleagues182 investigated 
ischemic stroke in women recruited between 1992 and 1996 
and again between 2001 and 2003. They found that preeclamp
sia was statistically associated with an increased risk of ischemic 
stroke (OR, 1.59; 95% CI, 1.00 to 2.52). O f note, women with 
a history of preeclampsia were more likely to eventually experi
ence a non—pregnancy-related ischemic stroke. H alf of the 
pregnancy-related cases occurred during the immediate postpar
tum period, and the remainder occurred during the second and 
third trimesters.

Ischemic stroke typically presents with acute focal neuro
logic symptoms. Headache can be present in 17% to 34% of
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cases. The workup should be done swiftly and starts with a 
noncontrast CT of the head. Acute treatment of disabling 
stroke due to arterial occlusion in nonpregnant patients is 
with IV or intraarterial recombinant tissue plasminogen activa
tor (tPA). Little is known about the efficacy and safety of 
tPA in pregnant women because they were excluded from 
the clinical trials for tPA therapy. However, in acute ischemic 
strokes due to arterial thrombosis, the benefits of tPA likely 
outweigh the risks, even in pregnant women. Feske and 
Singhal183 reviewed the case reports of 11 women who received
IV or intraarterial thrombolysis. They concluded that 10 of 
the patients had no major complications from the thrombolysis 
and mentioned that the one patient who died had a major 
complicating illness. Seven of the exposed fetuses were deliv
ered without complications. One fetus died along with the 
mother, two pregnancies were terminated, and one spontaneous 
abortion occurred in a fetus whose mother had bacterial endo
carditis. The authors point out that although tPA can be 
considered for pregnant women with arterial occlusion, it 
should probably be avoided in patients with preeclampsia/ 
eclampsia given the increased risk o f intracranial hemor
rhage in these cases.

Patients with acute strokes should typically be monitored in 
an intensive care setting, especially if  tPA was given. Tight blood 
pressure control is required, and for major strokes, aggressive 
management of intracranial pressure may be needed. Further 
workup of ischemic stroke includes an MRI of the brain along 
with MRA of the head and neck. In some cases, CTA or angi
ography is needed. All patients with possible embolic stroke 
should have a transthoracic echo with agitated saline to exclude 
a patent foramen ovale. Blood tests should include a lipid panel, 
hemoglobin A1C level, erythrocyte sedimentation rate, and 
C-reactive protein level.

Hemorrhagic Stroke and 
Vascular Malformations
Based on a review of prior epidemiologic studies, Feske and 
Singhal183 estimated the incidence of hemorrhagic stroke in 
pregnancy to be between 5 and 35 per 100,000 patients. The 
likelihood of a hemorrhagic stroke increases more dramatically 
in pregnancy than the risk for an ischemic stroke.

Evidence conflicts in regard to the effect of pregnancy on 
the behavior of arteriovenous malformations (AVMs).178'18’ '186 
Although it is uncertain whether incidental AVMs are at greater 
risk of bleeding during pregnancy, one study found that in 
27 women who presented with hemorrhage due to AVMs in 
pregnancy, 26% had recurrent bleeding during or immediately 
after pregnancy. This is higher than the annual 6% risk expected 
in nonpregnant patients.187 There also appears to be a signifi
cantly heightened risk of bleeding from an AVM on the day of 
delivery.186

In considering the above information, a 2001 consensus state
ment from the American Heart Association (AHA) recom
mended that a woman with a known AVM should consider 
treatment prior to conceiving, and when an AVM is discov
ered during pregnancy, risks o f treatment should be weighed 
against the risk o f hemorrhage. The committee felt that in 
most cases, such a risk-benefit analysis will not support elective 
treatment of AVMs during pregnancy.187 Typically, AVMs found 
incidentally without hemorrhage are managed expectantly, but 
surgical intervention is considered in a woman with an AVM 
that has hemorrhaged.183

If the patient has undergone corrective surgery for an 
aneurysm or an AVM, she should be allowed to deliver vagi
nally. Moderate increases in blood pressure do not cause spon
taneous hemorrhage in nonpregnant patients with intracranial 
AVMs. If the aneurysm or AVM has not been surgically cor
rected, a cesarean delivery is often recommended because of 
concern about the effects of increased blood pressure and intra
cranial pressure during delivery and prior observations of 
increased bleeding on the day of delivery.1 8183 However, in 
truth, no direct evidence is available to show that cesarean deliv
ery is more protective against bleeding from an AVM than 
vaginal delivery.187

CARPAL TUNNEL SYNDROME
The medial border of the carpal tunnel consists of the pisiform 
and hamate bones, and its lateral border consists of the scaphoid 
and trapezium bones. They are covered on the palmar surface 
by the flexor retinaculum. The median nerve and flexor 
tendons pass through this carpal tunnel, which has little 
room for expansion. If the wrist is extremely flexed or 
extended, the volume o f the carpal tunnel is reduced. In preg
nancy, weight gain and edema can produce a carpal tunnel 
syndrome that results from compression o f the median nerve. 
The association between carpal tunnel syndrome and pregnancy 
was first reported in 1957. Although many pregnant women 
complain of pain on the palmar surface of the hand, few actu
ally have the true carpal tunnel syndrome. Stolp-Smith and 
colleagues188 found that 50 of 14,579 pregnant patients (0.34%) 
who presented between 1987 and 1992 actually met criteria 
for carpal tunnel syndrome. Commonly, the syndrome con
sists o f pain, numbness, and tingling in the distribution of 
the median nerve in the hand and wrist. This includes the 
thumb, index finger, long finger, and radial side o f the ring 
finger on the palmar aspect. These symptoms/signs can be 
accompanied by dysesthetic wrist pain, loss of grip strength, 
and problems with dexterity. Compressing the median nerve 
and percussing the wrist and forearm with a reflex hammer, 
the Tinel maneuver, often exacerbates the pain. In severe cases, 
weakness and decreased motor function can occur. The defini
tive diagnosis is made by electromyography, but this test is often 
unnecessary.

McLennan and coworkers189 studied 1216 consecutive preg
nancies. O f these patients, 427 (35%) reported hand symptoms. 
Fewer than 20% of these 427 affected women described the 
classic carpal tunnel syndrome. No patient required operative 
intervention. Most symptoms were bilateral and commenced in 
the third trimester of pregnancy. Ekman-Ordeberg and col
leagues190 found a 2.3%  incidence o f carpal tunnel syndrome 
in a prospective study o f 2358 pregnancies. The syndrome 
appeared to be more common in primigravidae with general
ized edema. Increased weight gain during pregnancy also raises 
the risk.189 A recent prospective study of 639 Dutch pregnant 
women found a 34% prevalence of carpal tunnel syndrome 
based on a standardized questionnaire.191 Symptoms were more 
likely to occur after 32 weeks’ gestation and were associated with 
symptoms of fluid retention when adjusting for body mass index 
(BMI), age, parity, and depression scores.

Padua and colleagues192 conducted a systematic literature 
review concerning carpal tunnel syndrome in pregnancy. O f the 
214 studies reviewed, only six fulfilled their criteria for inclu
sion. Neurophysiologically confirmed carpal tunnel syndrome
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ranged from 7% to 43% of those who presented with symptoms. 
Clinically diagnosed carpal tunnel syndrome ranged from 31% 
to 62%. O f note in 50% of cases, symptoms persisted for more 
than a year, and in 30%, symptoms were still present 3 years 
postpartum.

Supportive and conservative therapies are usually adequate 
for the treatment o f carpal tunnel syndrome. Symptoms often 
subside in the postpartum period as total body water returns to 
normal.195 Pain scores fall by half during the first week after 
delivery and by half again during the next week. The reduction 
in score is strongly correlated with loss of the weight gained 
during pregnancy. However, about half of the women with 
carpal tunnel syndrome during pregnancy still have some symp
toms 1 year later. This occurs more commonly in those whose 
symptoms started early in pregnancy. Carpal tunnel syndrome 
that develops during breastfeeding may also last longer.1 ”

Splints placed on the dorsum o f the hand, which keep the 
wrist in a neutral position and maximize the capacity o f the 
carpal tunnel, often provide dramatic relief. Local injections 
of glucocorticoids may also be used in severe cases. Although 
diuretics may help to control the symptoms of carpal tunnel 
syndrome over a short period of time, their use is not recom
mended because the symptoms return rather rapidly after the 
cessation of treatment.

Surgical correction of this syndrome should not be delayed in 
patients with deteriorating muscle tone and/or motor function. 
Even small changes can be documented by electromyography 
(EM C), which can be performed without harm during preg
nancy. Decompression surgery for carpal tunnel syndrome is a 
simple procedure that can be safely carried out during pregnancy 
using local anesthesia, an axillary block, or a Bier block. W ith 
new endoscopic approaches, the procedure is even less invasive. 
Assmus and Hashemi194 describe the outcomes for 314 hands 
surgically treated during pregnancy or in the puerperium for 
carpal tunnel syndrome. One hundred thirty-three cases were 
performed during pregnancy, most in the last trimester, and 
included four who had both hands treated simultaneously; 98% 
of patients reported good or excellent results. Local anesthesia 
was used in all cases, and no complications were reported. These 
authors recommend surgery if  sensory loss is present or if  motor 
latency is more than 5 msec on nerve conduction studies. It is 
important to warn patients that carpal tunnel syndrome can 
persist for several years postpartum and can recur in future

192pregnancies.

KEY POINTS

♦ Epilepsy affects approximately 1% of the general popu
lation and is the most frequent neurologic complication 
of pregnancy.

♦ Prepregnancy counseling is imperative in the patient 
with epilepsy.

♦ Valproic acid has been associated with a significantly 
increased risk of major congenital malformations and 
adverse cognitive outcomes, including lower IQs and 
an increased risk of autism, when compared with other 
AEDs and with the general population.

♦ AEDs known to have a low risk of structural 
teratogenesis— such as lamotrigine, levetiracetam, or 
carbamazepine— should be tried as first-line agents in

women with epilepsy over AEDs that have been less well 
studied or valproic acid.

♦ Ultimately, the AED that best controls the patient’s 
seizures should be used during pregnancy. Efforts to 
reach the m inimum therapeutic dose should be 
attempted well in advance of pregnancy.

♦ Because of the changes in plasma volume, drug distribu
tion, and metabolism that occur during pregnancy, anti
convulsant levels should be checked prior to conception 
and monthly during pregnancy Dose adjustments to 
maintain prepregnancy levels are an important part of 
seizure control for many AEDs, especially lamotrigine.

♦ Women using AEDs should take folic acid 0.4 mg to
4 mg daily prior to and throughout pregnancy. They 
should also be offered a specialized ultrasound for 
careful assessment of major congenital malformations.

♦ Understanding a patient’s epilepsy syndrome is neces
sary to give appropriate counseling on the risk of inheri
tance of epilepsy in offspring.

♦ Assisted reproductive techniques can precipitate MS 
relapses.

♦ Pregnancy does not hasten the onset or progression 
of M S. In fact, exacerbations are decreased during 
pregnancy.

♦ DMAs used to decrease the rate of relapses and disabil
ity in MS are typically not recommended during preg
nancy because M S relapses tend to be less frequent 
during gestation, and data on exposure risk are still 
limited. A washout period is recommended for many 
DMAs.

♦ Increasing data on DMA use in pregnancy is available; 
for some patients, certain DMAs— such as glatiramer 
acetate and interferon-(3— can be used in pregnancy.

♦ Breastfeeding in M S is controversial. Exclusive breast
feeding may reduce the risk of MS relapses, but treat
ment with DMAs is typically not recommended for 
women who are breastfeeding.

♦ Any new headache or new headache type that presents 
in pregnancy requires workup for an underlying poten
tially deleterious cause.

♦ Nonpharmacologic treatments are considered first-line 
therapies for migraine in pregnancy, which typically 
improves without treatment.

♦ Although opiates are commonly prescribed for migraine 
in pregnancy, they are actually not very effective migraine 
medications.

♦ Carpal tunnel syndrome is common in pregnancy and 
usually responds to conservative splinting, glucocorti
coid injection, or both. Surgery can be safely under
taken if  indicated during pregnancy.
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The juxtaposition of life and death can present numerous emo
tional and ethical conflicts to the patient, her family, and her 
physicians. The diagnosis of cancer for anyone is understandably 
frightening. To deal with cancer in the context of pregnancy is 
particularly burdensome, because the patient may have to 
balance competing maternal and fetal interests. On occasion, a 
pregnant woman may be required to make decisions that affect 
her life or longevity versus the life or the well-being of her 
unborn child. Cancer in pregnancy complicates the manage
ment of both the cancer and the pregnancy. Diagnostic and 
therapeutic interventions, must carefully address the associated 
risks to both the patient and the fetus. Informed decisions

require evaluation of a number of factors, and with counseling, 
these considerations are the foundation on which treatment 
decisions are made. An evolution has taken place in the philoso
phy of care, from one of total disregard of the pregnancy with 
frequent immediate termination to a more thoughtful approach 
in which management decisions consider both maternal and 
fetal outcomes so as to lim it risk of death or morbidity to both.

It is estimated that approximately 20% to 30% of malignan
cies occur in women younger than age 45 years.1 Although 
cancer is the second most common cause o f death for women 
in their reproductive years, only about 1 in 1000 pregnancies 
is complicated by cancer.2 Because no large prospective studies 
have addressed cancer treatment in pregnancy, physicians tend 
to base treatment strategies on small retrospective studies or 
anecdotal reports that occasionally present conflicting informa
tion.1,2 A successful outcome is dependent on a cooperative 
multidisciplinary approach. The management plan must be 
formulated within a medical, moral, ethical, legal, and religious 
framework that is acceptable to the patient and guided by com
munication and educational resources of the health care team.

Delays in diagnosis o f cancer during pregnancy are 
common for various reasons: (1) many o f the presenting 
symptoms o f cancer are often attributed to the pregnancy;
(2) many o f the physiologic and anatomic alterations o f preg
nancy can compromise physical examination; (3) serum 
tumor markers such as |3-human chorionic gonadotropin 
(p-hCG), alpha-fetoprotein (AFP), and cancer antigen 125 
(CA 125) are increased during pregnancy; and (4) the ability 
to optimally perform either imaging studies or invasive diag
nostic procedures may be altered during pregnancy. Because 
the gestational age is significant when evaluating the risks of 
treatments, it is important to determine gestational age accu
rately. An early ultrasound evaluation may be useful to ensure 
accurate dating.
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1058 Section VI Pregnancy and Coexisting Disease

The malignancies most commonly encountered in the preg
nant patient are breast cancer, cervical cancer, and melanoma— 
cancers that most commonly occur in this age group— but also 
ovarian, thyroid, and colorectal cancer as well as leukemia and 
lymphoma.2,3 The frequencies of these diseases complicating 
pregnancy may increase secondary to the trend to delay child
bearing, and age is the most potent predictor of cancer. Before 
specific malignancies are discussed below, some general princi
ples are reviewed.

CHEMOTHERAPY DURING PREGNANCY 
Pharmacology of Chemotherapy 
During Pregnancy
Because pregnancy profoundly changes maternal physiology (see 
Chapter 3), the potential exists for altered pharmacokinetics 
associated with chemotherapy. Orally administered medications 
are subject to changes in gastrointestinal (GI) motility. Peak drug 
concentrations are decreased owing to the 50% expansion in 
plasma volume, which produces a longer drug half-life unless a 
concurrent increase occurs in metabolism or excretion. The 
increase in plasma proteins and fall in albumin may alter drug 
availability, and amniotic fluid may act as a pharmacologic third 
space that potentially increases toxicity because of delayed 
metabolism and excretion. Hepatic oxidation and renal blood 
flow are both elevated during pregnancy and may influence the 
metabolism and excretion of most drugs.4 However, because 
pharmacologic studies in pregnant women are lacking, we cur
rently assume that initial drug dosages are similar to those given 
to the nonpregnant woman, and adjustments to dose are based 
on toxicity on a course-by-course basis. Because most antineo
plastic agents can be found in breast milk, breastfeeding is 
contraindicated (see Chapter 24).4

Drug Effects on the Fetus
All drugs undergo animal teratogenicity testing, and based on 
these results, the drugs are assigned risk categories (Table 50-1) 
by the U.S. Food and Drug Administration (FDA).5 Based 
on this system, most chemotherapeutic agents are rated as C, 
D, or X. However, animal teratogenicity testing cannot always 
be reliably extrapolated to humans. For example, a drug (e.g., 
aspirin) may show teratogenic effects in animals but will not 
affect humans. The opposite is also true and, as such, has serious 
potential to do harm; for example, a drug may demonstrate no 
animal teratogenicity (e.g., thalidomide), but it can cause serious 
human anomalies (see Chapter 8). Because detailed ultrasonog
raphy may fail to identify subtle anatomic but serious functional 
abnormalities before 20 weeks’ gestation, patients should be 
appropriately counseled and may want to consider the option 
of pregnancy termination if  first-trimester chemotherapy is 
planned or administered. The risk o f teratogenicity during 
the second and third trimesters is significantly reduced and 
is likely no different from that for pregnant women who are 
not exposed to chemotherapy.4

Although the literature that addresses chemotherapy admin
istration during pregnancy is somewhat limited and dated, lit
erature reviews provide us with some information regarding 
the frequency of affected offspring.4,6 Because antineoplastic 
agents target the rapidly dividing malignant cell, it could be 
expected that the exposed fetus would be particularly susceptible 
to serious toxicity. Clear documentation of such is not the case. 
Excluding the intentional use of abortifacients, it is difficult to

TABLE 50-1 FOOD AND DRUG ADMINISTRATION 
RISK CATEGORIES FOR DRUG USE 
DURING PREGNANCY

CATEGORY DEFINITION

A Controlled studies have demonstrated no risk in the
first trimester, and the possibility of fetal harm 
appears remote.

B Either animal studies have failed to identify a risk but
no controlled studies have been done in women or 
animal studies have shown an unconfirmed adverse 
effect.

C Either animal studies have revealed adverse effects and
no controlled studies have been done in women or 
studies in women and animals are not available. Use 
the drugs only if the potential benefit justifies the 
potential risks.

D Evidence of fetal risk exists, but the benefits may be
acceptable despite the risk in either a life-threatening
situation or a serious disease for which safer drugs 
are ineffective.

X Studies in animals or humans have demonstrated fetal
abnormalities, and the risk of the drug clearly 
outweighs any possible benefit.

From Amant F, Han SN, Gziri M M , Dekrem J, Van Calsteren K. Chemotherapy during 
pregnancy. Curr Opin Oncol. 2012;24:580-586.

clearly demonstrate that the use of chemotherapy results in an 
increase in the clinically recognized spontaneous abortion rate 
over the expected 15% to 20%. However, i f  continuation o f the 
pregnancy is desired, chemotherapy is not advised in the first 
trimester because o f an increased rate o f major malforma
tions that ranges from 10%  to 17%  with single-agent therapy 
and up to 25%  with combination chemotherapy.6 Adminis
tration in the second and third trimester has been associated 
with intrauterine growth restriction (IUGR), stillbirth, and 
low birthweight.6,7 Maternal effects such as chemotherapy- 
induced nausea and vomiting may also affect fetal growth and 
birthweight.8 Because early induction of labor or surgical deliv
ery is often a component of the overall treatment plan, it has 
been difficult to identify premature birth as a specific result of 
the chemotherapy. Preterm delivery has been reported to occur 
in more than half of pregnancies associated with malignancies, 
with a majority being iatrogenically induced and associated with 
increased neonatal morbidity.6 Therefore the timing of delivery 
and consideration of delay of therapy in the case of early-stage 
disease should be part of the treatment planning.

W hen chemotherapy is administered during the latter half of 
gestation, fetal organ toxicity has not been reported as a major 
problem, although neonatal myelosuppression and hearing loss 
have been reported.6,9 Although second malignancies, impaired 
growth and development, intellectual impairment, and infertil
ity have been reported after chemotherapy administration to 
children, the delayed effects of in utero exposure are less well 
documented.6,9 Although few data are available, concerns regard
ing cognitive development have been evaluated, and the out
comes are comparable to those of individuals not exposed to 
chemotherapy in utero. Growth and fertility in these children 
have also been shown to be similar to those not exposed.9

Classification of Chemotherapy Agents 
Antimetabolites
Historically, the antimetabolite aminopterin was used as an 
abortifacient, and in cases of failed abortion, the risk of fetal
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Chapter 50 Malignant Diseases and Pregnancy 1059

malformation was about 50%. Methotrexate has replaced ami- 
nopterin for chemotherapeutic purposes, and although similar 
types of anomalies occur, a lower overall frequency (<10%) has 
been reported.8 In the first trimester, methotrexate has been 
associated with skeletal and central nervous system (CNS) 
defects. Although no anomalies were reported in the second and 
third trimesters, methotrexate was associated with low birth
weight and neonatal myelosuppresion. ’ The use of low-dose 
methotrexate for systemic diseases (e.g., rheumatic disease and 
psoriasis) does not appear to produce teratogenicity.10 In a pro
spective study, 5-fluorouracil, in combination with other agents, 
was well tolerated and resulted in no perinatal deaths.8

Alkylating Agents
Alkylating agents such as cyclophosphamide and chlorambu
cil are commonly used for the management of malignancies. 
Unfortunately, most of these agents have demonstrated some 
teratogenic potential when administered in the first trimester, 
with defects that include renal agenesis, ocular abnormalities, 
and cleft palate.8 In the second and third trimesters, alkylating 
agents have been shown to be acceptably safe.1’9

Antitumor Antibiotics
Even when administered in early pregnancy, antitumor 
antibiotics—such as doxorubicin, idarubicin, bleomycin, 
and daunorubicin— appear to demonstrate a low risk o f tera
togenicity. Doxorubicin has been associated with one case of 
multiple anomalies; however, the patient was receiving combina
tion chemotherapy.9 One potential reason for the low rate of 
anthracycline-associated teratogenicity is its questionable ability 
to cross the placenta.4

Vinca Alkaloids
Although potent teratogens in animals, vincristine and vin
blastine do not appear to be as teratogenic in humans.s In
limited studies, vinca alkaloids were well tolerated in both early 
and later stages of pregnancy.9

Platinum Agents
Platinum agents have been used with relatively acceptable risks, 
and normal outcomes have been reported along with cases of 
IUGR. In addition, case studies have reported hearing loss and 
ventriculomegaly in 2.7% of patients exposed to cisplatin.1 One 
case of bilateral hearing loss was noted in the offspring of a 
woman treated with carboplatin in the second trimester of preg
nancy. However, the cause cannot be fully attributed to the 
platinum agent because other causes of hearing loss were also 
present, including prematurity and administration of gentamy- 
cin in the neonatal period.8

M iscellaneous
Taxane chemotherapy is used in the treatment of malignant 
tumors of multiple sites, and experience with this class of 
drugs remains limited, although a few reports to date are 
favorable.8'9

Targeted Therapies
Despite the emerging role of targeted agents in cancer treatment, 
they have been used only inadvertently in pregnancy. Trastu- 
zumab has been linked to oligohydramnios, and its use is not 
recommended in pregnancy.1 Rituximab has been associated 
with transient neonatal lymphopenia, and further studies are

necessary to determine an accurate safety profile. Imatinib has 
been associated with low birthweight and premature delivery, 
whereas erlotinib showed no adverse effects in one case. The 
antiangiogenic agents (bevacizumab, sunitinib, and sorafenib) 
are not recommended for use in pregnant women.1

R A D IA T IO N  T H E R A P Y
Ionizing radiation is a known teratogen, and the developing 
embryo is particularly sensitive to its effects. Doses higher 
than 0.20 Gray (Gy) are considered teratogenic. Effects during 
early pregnancy are typically lethal or result in congenital mal
formations. During late gestation, radiation may cause specific 
organ damage in addition to mental retardation, skeletal anoma
lies, and ophthalmologic abnormalities. Reports have indicated 
that radiation exposure in utero increases the risk of malignan
cies such as leukemia and other childhood tumors, particularly 
when exposure occurred in the first trimester.1,9 It is important 
to remember that these data are conflicting and are extrapolated 
from data derived from atomic catastrosphes.9 Regardless, rec
ommendations for radiation exposure in pregnancy should be 
less than 0.05 Gy.1 ’ Radiation therapy should be postponed 
until the postpartum period, and consideration should be 
given to suitable alternative therapies such as surgery or che
motherapy. If delay o f therapy is not possible, termination 
o f the pregnancy may be required.

S U R G E R Y  A N D  A N E S T H E S IA
Aspects of surgery are addressed later in the sections on specific 
cancers, but some general principles should be considered first. 
Although complications of surgery can threaten the fetus, extra- 
peritoneal surgery is not related to spontaneous abortion or 
preterm labor. Surgery can be performed safely in all three tri
mesters.11 If flexibility in timing exists, abdominal or pelvic 
surgery is best performed in the second trimester to limit the 
risk o f first-trimester spontaneous abortion or preterm labor. 
In the first trimester, progesterone therapy is indicated (weeks 7 
to 12) following resection of the corpus luteum. When laparos
copy is selected for abdominal surgery, the open technique is 
recommended to avoid injury to the uterus." Perioperative cau
tions include attention to the relative safety of all drugs admin
istered. When appropriate, antibiotic prophylaxis can be safely 
administered.11 Fever secondary to either infection or atelectasis 
should be treated promptly because it may be associated with 
fetal abnormalities.

No evidence suggests that significant risks of anesthesia exist 
independent of coexisting disease (see Chapter 16).u Preoxygen
ation is critical due to the increase in oxygen consumption, 
which can lead to desaturation.11 In the second and third tri
mesters, careful attention to positioning is required so as to avoid 
compression of the vena cava from the enlarged uterus. Use of 
local or regional anesthesia should be considered. Finally, con
tinuous or intermittent fetal monitoring should be used when 
extrauterine survival is possible.

P R E G N A N C Y  F O L L O W IN G  
C A N C E R  T R E A T M E N T
W ith improved survival rates for many childhood and adoles
cent malignancies, the clinician must be prepared to offer pre
natal counseling to the young woman who presents with a
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1060 Section VI Pregnancy and Coexisting Disease

BOX 50-1 COUNSELING ISSUES FOR PREGNANCY 
FOLLOWING CANCER TREATMENT

W h a t is th e  risk  o f  recu rren ce  o f  th e  m a lig n a n cy?
If a recu rren ce  w e re  to  be d ia g n o se d , d e p e n d in g  on  the  

m o s t lik e ly  s ites, w h a t w o u ld  be th e  n a tu re  o f  th e  
p ro b a b le  tre a tm e n t?

H o w  w o u ld  such  tre a tm e n t c o m p ro m is e  b o th  th e  p a tie n t 
and  th e  fe tus?

W ill p r io r  tre a tm e n ts — such as p e lv ic  s u rg e ry , ra d ia tio n  to  
p e lv is  o r  a b d o m e n , o r  c h e m o th e ra p y — a ffe c t fe r t i l i ty  o r 
re p ro d u c tiv e  o u tcom e ?

W ill th e  h o rm o n a l m ilie u  o f p re g n a n c y  a d v e rs e ly  a ffe c t an 
e s tro g e n  re c e p to r-p o s it iv e  tu m o r?

cancer history. Issues worthy of review and in need of clarifica
tion for the obstetrician and the patient are listed in Box 50-1.

Previous abdominal irradiation for a Wilms tumor appears to 
adversely affect the risk of pregnancy complications, including 
increased perinatal mortality, low birthweight, and abnormal 
pregnancy. In contrast, a review of pregnancies following treat
ment for Hodgkin lymphoma revealed no increase in poor preg
nancy outcome.13 However, the rate of ovarian failure following 
the multiple drug combinations is greater than 50% in some 
reports.13 Also, a combination of pelvic irradiation and chemo
therapy for Hodgkin disease results in an even higher rate of 
ovarian failure. Over recent years, a number of women with early 
cervical cancer have received fertility preservation surgery with 
radical trachelectomy and regional lymphadenectomy. The 
preliminary fertility and pregnancy outcomes have been 
favorable.14

W ill pregnancy increase the risk o f recurrence or accelerate 
recurrence? Even in women with estrogen receptor-positive 
breast cancer, there is no evidence that subsequent pregnancy 
adversely affects survival. In addition to the altered hormonal 
milieu, concern is also directed toward the potential for acceler
ated tumor activity associated with alterations in the pregnant 
patient’s immune system. No available data support this concern; 
however, it has been recommended that after a cancer diag
nosis, pregnancy should be delayed for at least 2 years, during 
which recurrence risk is highest.

CANCER DURING PREGNANCY 
Breast Cancer
The estimated number of breast cancer cases in women in the 
United States exceeds 230,000 cases with approximately 40,000 
deaths each year.” Although the lifetime risk of developing 
breast cancer is 1 in 8, the risk is 1 in 206 for women 40 years 
or younger. Each year, this results in approximately 7% to 15% 
of premenopausal breast cancers being diagnosed in women who 
are pregnant or lactating or within 1 year after delivery.16' 18 
Although an increase in the frequency of breast cancer compli
cating pregnancy has been predicted because of delayed child
bearing, recent publications are consistent with a frequency 
o f breast cancer concurrent with pregnancy o f 1 per 3000 to
10,000 live births.1

In general, the risk of breast cancer is directly related to the 
duration of ovarian function. Therefore both early menarche and 
late menopause appear to increase the likelihood of developing 
breast cancer. However, interruption of the normal cyclic ovarian

function by pregnancy appears to be protective. This apparent 
protective effect may be secondary to the normal hormonal 
milieu of pregnancy that produces epithelial proliferation, fol
lowed by marked differentiation and mitotic rest. Multiparous 
women, particularly those who breastfeed, have a lower risk of 
developing breast cancer than do nulliparous women. However, 
based on one study of almost 90,000 women, breastfeeding may 
not be an independent protective factor.19 Paradoxically, carriers 
of BRCA1 and BRCA2 mutations may have an increased risk of 
developing breast cancer by having children.20

Diagnosis and Staging
Breast abnormalities should be evaluated in the same manner 
as in a nonpregnant patient. The most common presentation 
of breast cancer in pregnancy is a painless lump discovered by 
the patient. Because the breast changes become more pro
nounced in later pregnancy, it is important to perform a thor
ough breast examination at the initial visit (see Chapter 24). 
Despite the striking physiologic breast changes of pregnancy, 
including nipple enlargement and increases in glandular tissue 
that result in engorgement and tenderness, a newly found or 
persistent breast mass should be evaluated promptly. Diagnostic 
delays may increase the risk of nodal involvement and are often 
attributed to physician reluctance to evaluate breast complaints 
or abnormal findings in pregnancy.21 The lengths o f delays in 
diagnosis o f breast cancer in pregnancy are commonly 3 to 
7  months or longer and may result in more advanced stages 
o f diagnosis compared with the general population.18,21

Although bilateral serosanguinous discharge may be normal 
in late pregnancy, less common presentations such as bloody 
nipple discharge should be evaluated with mammography 
and ultrasound.16 In cases of mastitis or breast abscesses or for 
evaluation of breast edema or inflammation, a skin biopsy 
should be considered to evaluate for inflammatory breast cancer.

Mammography in pregnancy is controversial. Although the 
radiation exposure to the fetus is negligible, the hyperprolifera- 
tive changes in the breast during pregnancy are characterized by 
increased tissue density, which makes interpretation more dif
ficult.9,10 Breast ultrasound has a high sensitivity and specific
ity and can distinguish between solid and cystic masses, 
which makes it the preferred imaging modality for pregnant 
women. Magnetic resonance imaging (MRI) without gadolin
ium has also been used; however, data are limited in regard to 
its accuracy in this population. Percutaneous biopsy is recom
mended for any lesion that does not meet criteria for a simple 
cyst.18 Fine-needle aspiration (FNA) of a mass for cytologic 
study may be used, but it is often misleading because of changes 
in the breast during pregnancy. For breast masses, a core needle 
biopsy is the preferred method for histologic diagnosis.18

Before proceeding with treatment, staging should be 
undertaken. All draining lymph nodes should be evaluated. 
Recent studies have evaluated the role of sentinel lymph node 
dissection in pregnant women with breast cancer. Although blue 
dye is associated with a risk of anaphylaxis and should not be 
used, several reports have demonstrated the safety of sentinel 
lymph node biopsy using a low-dose lymphoscintigraphy with 
99m-Technetium—labeled sulfur colloid. This technique may be 
considered in select cases at an experienced center.18'22,23 The 
contralateral breast must be carefully assessed. Laboratory 
tests should include baseline liver function tests and serum 
tumor markers, carcinoembryonic antigen (CEA), and also 
cancer antigen 15-3 (CA 15-3), which appears to be a useful
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tumor marker for monitoring breast cancer in pregnancy.
A chest radiograph is indicated, and if  the liver function tests 
are abnormal, the liver can be evaluated by ultrasound. If bone 
metastases are suspected, a bone scan can be performed in preg
nancy. In a symptomatic patient, radiographs of the specific 
symptomatic bones are advised. However, in an asymptomatic 
patient with normal blood tests, because the yield is low, bone 
scanning is usually not performed.

Treatment
The treatment of breast carcinoma at any time is often overshad
owed by psychological and emotional factors. Because of poten
tial risks to the developing fetus, treatment decisions carry an 
additional burden. Therapy must be individualized in accor
dance with present knowledge and with the specific desires 
o f the patient, gestational age, and tumor stage and biology; 
at all times, maternal treatment should adhere to standard 
recommendations. At the time of diagnosis, it is important to 
have a baseline assessment of fetal growth and development by 
ultrasound as well as routine fetal monitoring throughout the 
pregnancy and treatment.11

LOCAL THERAPY
The usual criteria for breast-preserving therapy versus modified 
radical mastectomy pertain to the patient with breast cancer 
in stages I to III.2'16 Although breast surgery can be safely per
formed in all trimesters with minimal fetal risks, the use of 
radiation is complicated by the presence of the pregnancy.18'21 
Consideration should be given to the delay o f irradiation 
until after delivery. Experimental calculations suggest that 
when the fetus is within the true pelvis, a tumor dose of 5 Gy 
will expose the fetus to 0.010 to 0.015 Gy. Later in pregnancy, 
parts of the fetus may receive as much as 0.200 G y.'1 Because 
these levels exceed the upper lim it of safety, alternative approaches 
should be considered, and reports have shown that in the late 
second or third trimester, delaying treatment without impacting 
maternal outcome may be reasonable.

PREGNANCY TERMINATION
Because early studies suggested more unfavorable outcomes in 
pregnant women, it was assumed that the hormonal changes of 
pregnancy contributed to rapid tumor growth; therefore thera
peutic abortion was frequently advised. At present, a harmful 
effect of continuing pregnancy has not been demonstrated in 
most published series.2 Although data are limited, studies have 
shown similar survival outcome i f  the patient had a sponta
neous pregnancy loss, chose to terminate, or continued the 
pregnancy.8,25 However, it is difficult to evaluate potential selec
tion bias toward performing an abortion in patients with 
advanced disease. Because young women tend to have hormone 
receptor-negative tumors, it is difficult to make an argument, 
based on hormonal concerns, for either termination of preg
nancy or oophorectomy as an adjunct to therapy.16

CHEMOTHERAPY
In general, women who present with either metastatic breast 
carcinoma or rapidly progressive inflammatory carcinoma 
should avoid any delays in therapy. Immediate initiation of 
chemotherapy is critical to providing the patient with inflam
matory carcinoma with any chance for long-term survival. If the 
patient has a clinical indication for adjuvant chemotherapy 
other than inflammatory carcinoma, the delay o f instituting

chemotherapy and awaiting fetal pulmonary maturity should 
be considered in select third-trimester situations. Current 
literature shows that the use of cytotoxic agents for breast cancer 
in pregnancy is relatively safe; and anthracycline-based regimens, 
which are the most widely used, are associated with a favorable 
safety profile.22 Additional agents such as 5-fluorouracil, cyclo
phosphamide, and taxanes have also been used, but data on these 
agents are lim ited.21’22 Others concur with the use of chemo
therapy in the second and third trimesters in the management 
of breast cancer.16,18 Pregnancy is a contraindication to the use 
of tamoxifen because of the risk of adverse fetal outcomes, 
including craniofacial malformations and ambiguous genitalia. 
Data regarding the safety of trastuzumab in pregnancy are 
limited, and currently it is not recommended because of reports 
of oligohydramnios and neonatal deaths as a result of respiratory 
and renal failure.18'21

Prognosis
As with any malignant disease, prognosis best correlates with the 
anatomic extent of disease at the time of diagnosis. Outcomes 
in stage I and II disease are favorable, and survival rates 
approach 86%  to 100% ; however, the presence and extent of 
nodal involvement is especially predictive o f prognosis in 
both nonpregnant and pregnant patients. Although nodal 
status is of prognostic significance, the number of positive nodes 
is also important. In the pregnant patient, the 5-year survival 
rate is 82% for patients with three or fewer positive nodes and 
27% if greater than three nodes contain tumor.21’ Probably 
because o f the associated delays in diagnosis, pregnancy 
appears to increase the frequency o f nodal disease, with 
53% to 71%  o f patients exhibiting nodal involvement at 
diagnosis.26 2

Reports have demonstrated that up to 60% to 80% of breast 
cancer cases in the pregnant population are estrogen receptor 
negative and have a rate of ERBB2 positivity between 25% and 
58%.20,25 In addition to a higher incidence of lymph node metas
tases, breast tumors in pregnant women are more frequently 
reported to be larger and to be of a higher grade that those of 
their nonpregnant counterparts.16,2 However, these rates are 
histologically identical to the nonpregnant patient of similar age, 
and when controlled for age and stage, pregnancy does not seem 
to affect prognosis adversely.25,27 Of note, pregnant women with 
early-stage disease who had a delay in therapy did not experience 
a negative effect on disease-free survival.28 However, breast 
cancer therapy during pregnancy is feasible, and patients should 
be counseled thoroughly.21 Although infants exposed to chemo
therapy for breast cancer in utero had a lower birthweight and 
more complications, this was not clinically significant, and most 
adverse outcomes were associated with preterm delivery; thus 
full-term delivery should be planned when possible.28

SUBSEQUENT PREGNANCY
Although the consensus is that subsequent pregnancies do not 
adversely affect survival, recommendations have been made 
regarding the timing of a subsequent pregnancy.29 It is generally 
advised that women with node-negative disease wait 2 to 3 
years, and this interval should be extended to 5 years for 
patients with positive nodes. Others have advised that no delay 
is indicated for the patient with a good prognosis who does not 
receive postoperative adjuvant chemotherapy."f It has been 
advised that patients should undergo a complete metastatic 
workup before a subsequent pregnancy.
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Lactation and Breast Reconstruction
Lactation is possible in a small percentage of patients after breast- 
conserving therapy for early-stage breast cancer.10 Lumpectomy 
using a radial incision, rather than the cosmetically preferred 
circumareolar incision, is less likely to disrupt ductal anatomy 
(see Chapter 24). Disruption of the ductal system may increase 
the rate of mastitis. Breastfeeding is contraindicated in women 
receiving chemotherapy, because significant levels of the drug 
can be found in breast milk.

Breast reconstruction with the use of autologous tissue 
has increased secondary to questions about the use of silicone- 
filled implants. The transverse rectus abdominis myocutaneous 
(TRAM) flap is one popular method of breast reconstruction. 
Because the donor site is a portion of the anterior abdominal 
wall, there is potential concern when the patient develops 
abdominal distension from pregnancy. In one case report and 
review of the literature, nine women who became pregnant fol
lowing breast reconstruction experienced no problem with ante
rior abdominal wall integrity.31 However, because data are 
limited, it may be best to address reconstruction in the postpar
tum period.

L y m p h o m a  
Hodgkin Lymphoma
Approximately 36,000 cases of lymphoma were expected to be 
diagnosed in women in the United States in the year 2015, and 
only about 11% of these would have been Hodgkin lymphoma 
(HL).15 HL is the second most commonly diagnosed cancer 
in women aged 15 to 29 years, and it presents at a mean age 
of 32 years. Lymphomas complicate approximately 1 in 6000 
pregnancies, and few large series have evaluated the many issues 
that affect these women.17'32 However, spontaneous abortion, 
stillbirth rates, preterm births, and adverse pregnancy outcomes 
do not appear to be increased or affected by the course of the 
disease, and termination o f pregnancy should not be rou
tinely advised.32,33 Although some advocate therapeutic abor
tion for the patient with a first-trimester pregnancy and HL to 
allow complete staging, others lim it therapeutic abortion to 
those women who require infradiaphragmatic radiation or those 
with extensive systemic symptoms or visceral disease.

Women with HL frequently present with enlarged cervical or 
axillary lymph nodes, and the diagnosis is established by biopsy 
of the suspicious nodes. The presence of systemic symptoms 
such as night sweats, pruritus, or weight loss suggests more 
extensive disease. In a series of 17 women diagnosed with HL 
during pregnancy, the average time of diagnosis was 22 weeks’ 
gestation, and systemic symptoms were uncommon.33 Clinical 
staging for lymphoma requires systemic evaluation by history, 
laboratory findings, bone marrow, and radiographic imaging. 
Clinical treatment and staging are individualized. Although 
pathologic staging for HL in the nonpregnant patient may 
involve laparotomy and splenectomy, these are not generally 
performed in pregnancy. The routine evaluation for HL during 
pregnancy includes a single anterior/posterior view chest 
radiograph, liver function tests, serum creatinine clearance, 
complete blood count, erythrocyte sedimentation rate, 
and lymph node and bone marrow biopsy. Evaluation of the 
abdomen is compromised by the gravid uterus, and MRI is 
preferred because it can accurately assess nodes, liver, and spleen. 
Chest tomography or computed tomographic (CT) scan of the 
mediastinum may be necessary to evaluate nodal enlargement 
in the chest. Isotope scans of the liver and bone are best avoided

TABLE 50-2 STAGING CLASSIFICATION 
OF HODGKIN DISEASE

STAGE DESCRIPTION

I Involvement of a single lymph node region (I) or of a single
extralymphatic organ site (IE)

II Involvement of two or more lymph node regions on the
same side of the diaphragm (II) or localized involvement 
of an extralymphatic organ site and of one or more lymph 
node regions on the same side of the diaphragm (He)

III Involvement of lymph node regions on both sides of the
diaphragm (III), which also may be accompanied by 
localized involvement of an extralymphatic organ or site 
(IIIE), the spleen (IIIS), or both (IIISe)

IV Diffuse or disseminated involvement of an extralymphatic
organ with or without localized lymph node involvement 
(liver, bone marrow, lung, skin)

Symptoms of unexplained fever, night sweats, and unexplained weight loss of 10% of 
normal body weight results in classification of patients as B; absence of these symptoms 
is denoted as A.

during pregnancy, but ultrasonography is safe and may provide 
useful information.

Disease stage is the most important factor in treatment plan
ning and prognosis (Table 50-2). The survival rate for early-stage 
HL exceeds 90%, whereas patients with disseminated nodal 
disease have a 5-year survival rate of about 50%. As expected, 
patients with stage IV disease have poor survival rates. Radia
tion therapy is the mainstay of treatment for early-stage HL, 
and combination chemotherapy is used for the treatment of 
advanced-stage disease with organ involvement. Most investi
gators agree that treatment should not be withheld during 
pregnancy except in early-stage disease, particularly i f  the 
diagnosis is made in late gestation.

Radiotherapy to the supradiaphragmatic regions may be 
performed with abdominal shielding after the first trimester. 
W hen this approach is chosen, irradiation should be delayed 
until after the first trimester, total fetal dose should be limited 
to 0.1 Gy or less, and the goal is partial therapy with completion 
therapy after delivery. Spontaneous abortion has been reported 
with an estimated first-trimester fetal dose of 0.09 Gy secondary 
to scatter from delivering 44 Gy to the chest of a patient receiv
ing treatment for a recurrence.34 In general, if  the estimated 
exposure to a first-trimester fetus is expected to exceed 0.1 Gy 
or if  combination chemotherapy is planned for the first trimes
ter, therapeutic abortion should be considered because of an 
increased risk of fetal malformations.3’’ Asymptomatic early- 
stage disease that presents in the second half of pregnancy may 
be followed closely while preparations are made for early deliv
ery. ̂  The use of corticosteroids and single-agent chemotherapy 
have been proposed for the patient with systemic symptoms.

Subdiaphragmatic or advanced disease requires chemotherapy, 
and commonly used regimens include doxorubicin, bleomycin, 
vinblastine, and dacarbazine (ABVD) and mechlorethamine, 
vincristine, procarbazine, and prednisone (M OPP).32,34 Because 
many of these chemotherapeutic agents are known teratogens, 
such treatment is best avoided in the first trimester. A system
atic review found 42 pregnancies in which HL was treated 
with chemotherapy, and 17 were exposed to chemotherapy in 
the first trimester, which resulted in six congenital anomalies 
and three spontaneous abortions.36 Similar treatments should 
also be approached with caution later in pregnancy, although 
most case reports have documented only IUGR and neonatal
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Age at treatment

FIG 50-1 Probability of regular menses after chemotherapy, total lym
phoid irradiation (TLI), and TLI and chemotherapy in patients with 
Hodgkin disease. The synergistic effect is more apparent in younger 
women. (From Homing SJ, Hoppe RT, Kaplan HS. Female reproduc
tion after treatment for Hodgkin disease. N Engl J  Med. 1981 ;304:1377.)

neutropenia as complications. Long-term follow-up toxicity 
studies are lacking.

Following therapy for HL, it has been suggested that preg
nancy planning should take into consideration that about 
80%  o f recurrences manifest within 2 years. Treatments 
for HL may compromise the reproductive potential of young 
patients.13,37 As reflected in Figure 50-1, ovarian failure is more 
likely to occur in older patients even if treated with fewer courses 
of chemotherapy.37 Early studies reported normal ovarian func
tion in only 12% of women following therapy forH L, and com
bined treatment with radiation and chemotherapy have been 
found to lead to the highest risk of ovarian failure. More recent 
series have shown the pregnancy rate among reproductive-age 
HL survivors to be similar to that o f the normal female popu
lation. Regimen changes that have occurred since the earlier 
reports include improved pelvic shielding during primary irra
diation, ovarian transposition when pelvic radiation is required, 
and more frequent use of the ABVD regimen instead of MOPP. 
Depending on their availability, new reproductive technologies 
that include oocyte donation and embryo cryopreservation can 
be considered in select situations.

Patients who become pregnant after treatment for HL do not 
demonstrate increased adverse perinatal outcomes such as fetal 
wastage, preterm birth, and birth defects when compared with 
sibling controls.32 Although fetal anomalies have occurred after 
treatment for HL, chromosomal abnormalities or a new gene 
mutation have not been diagnosed.37 The absence of a repetitive 
pattern of malformations makes it difficult to im ply a causal 
relationship between any birth defects observed and previous 
therapy for Hodgkin disease.

General recommendations, therefore, include delaying 
therapy until at least the second trimester due to the increased 
first-trimester fetal risk. After the first trimester, therapy 
should not be delayed for patients with symptomatic, sub
diaphragmatic, or progressive HL. Treatment options include 
supradiaphragmatic radiation therapy for early-stage disease and 
combination chemotherapy for bulky, subdiaphragmatic, pro
gressive, or advanced disease. Radiation fields should be tailored 
to lim it fetal dose, and a maximal fetal dose calculation should 
be performed prior to treatment. Pregnant women with HL 
should be managed by a maternal-fetal medicine specialist, and

whether pregnancy termination should be pursued will depend 
on the clinical situation.

Non-Hodgkin Lymphoma
Non-Hodgkin lymphoma (NHL) occurs at a mean age of 42 
years and is therefore observed less frequently than Hodgkin 
lymphoma with approximately 100 cases reported in pregnancy. 
In general, NHL is more likely to complicate pregnancy 
because more patients have an aggressive histology and 
advanced-stage disease. Indolent lymphomas are less common 
in younger patients and are rarely described in pregnancy. Up to 
70% of NHL in pregnancy is diffuse large B-cell lymphoma.38 
Interestingly, reproductive organs— particularly the breasts and 
ovaries— are commonly involved in pregnancy-associated lym
phoma compared with aged-matched counterparts.1"

W ith the exception of aggressive histologic types, the manage
ment of lymphoma may be deferred in the first trimester because 
of the typical indolent nature of the disease. When initiated, 
treatment often includes chemotherapy and targeted therapy. If 
required, radiotherapy can be considered in local fields away 
from the pelvis in late gestational stages; however, it is typically 
postponed until after delivery.32

Treatment regimens evaluated in pregnancy include 
cyclophosphamide, doxorubicin, vincristine, and prednisone 
(CHOP) with or without bleomycin, which did not have an 
adverse effect on pregnancy outcomes.3'’ Non-CHOP regimens 
were associated with several unfavorable outcomes that included 
miscarriage, intrauterine fetal demise, and transient neonatal 
leukopenia. The anti-CD20 antibody rituximab has been evalu
ated in limited cases with acceptable toxicities; however, further 
studies are warranted.32

Acute Leukemia
Although the incidence of leukemia in pregnancy is not specifi
cally known, it is estimated to occur in fewer than 1 in 75,000 
to 100,000 pregnancies.17 Acute leukemia represents about 
90%  o f leukemias that coexist with pregnancy. Acute myeloid 
leukemia (AML) accounts for about 60%  and acute lympho
blastic leukemia (ALL) for about 30%  o f cases. More than 
three fourths o f the cases are diagnosed after the first trimes
ter.32,39 The prognosis for acute leukemia in pregnancy is 
guarded.39 Although no evidence suggests that pregnancy 
adversely affects the prognosis of acute leukemia, optimal and 
immediate care of the pregnant patient with acute leukemia 
necessitates a team effort and is best achieved in a cancer referral 
center.40,41

The diagnosis of acute leukemia is rarely difficult. The signs 
and symptoms of anemia, granulocytopenia, and thrombocyto
penia include fatigue, fever, infection, and easy bleeding or 
petechiae, which usually prompts a complete blood count. A 
normal or elevated white blood cell count (WBC) is present in 
up to 90% of patients with ALL, although a W BC in excess of
50,000 is found in only one fourth of patients. In contrast, 
patients with acute nonlymphocytic leukemia (ANLL) may 
present with a markedly elevated W BC, although one third may 
exhibit leukopenia. The diagnosis of leukemia should be con
firmed by bone marrow biopsy and aspirate. The biopsy material 
is usually hypercellular with leukemic cells. The smear of the 
aspirate reveals decreased erythrocyte and granulocytic precur
sors as well as megakaryocytes. Leukemic cells comprise greater 
than half of the marrow’s cellular elements in most patients. The 
morphology of the marrow and the peripheral leukemic cells
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help to distinguish between lymphocytic and nonlymphocytic 
leukemias. This latter group includes acute myelocytic (granu
locytic), promyelocytic, monocytic, and myelomonocytic leuke
mias and erythroleukemia. Acute myelocytic leukemia is the 
most common form of ANLL. Patients who develop ANLL 
as a result of previous chemotherapy have a particularly poor 
response to treatment.

Acute leukemia requires immediate treatment regardless of 
gestational age because delay may result in poorer maternal 
outcomes. When ALL is diagnosed in the first trimester, termi
nation is recommended due to the effect on both the fetus 
and the mother. This is in part due to the need for intensive 
treatment that includes stem cell transplantation, which is con
traindicated in gestation.4'  However, numerous reports have 
documented successful pregnancies in patients with acute 
leukemia who were aggressively treated with leukapheresis 
and combination chemotherapy in the second and third tri
mesters.1' Although reports have shown no serious long-term 
effects of in utero exposure to chemotherapy, it is important to 
counsel patients that acute leukemia and its therapy are associ
ated with a high rates of spontaneous abortion, stillbirth, preterm 
delivery, and fetal growth restriction.40,42’43 If the mother is 
exposed to cytotoxic drugs within 1 month o f delivery, the 
newborn should be monitored closely for evidence o f granu
locytopenia or thrombocytopenia.

Chronic Leukemia
Chronic leukemia accounts for approximately 10% of cases of 
leukemia during pregnancy. A majority of cases are chronic 
myelocytic leukemia (CML) because the median age is 35 
years, compared with chronic lymphocytic leukemia (CLL), 
which has a median age of 60 years and makes cases during 
pregnancy rare.'*0

CM L is characterized by excessive production of mature 
myeloid cell elements, with granulocyte counts that average 
200,000/dL. Most patients have thrombocytosis and a mild 
normochromic normocytic anemia. Platelet function is often 
abnormal, although hemorrhage is usually limited to patients 
with marked thrombocytopenia. CM L tends to be indolent, and 
normal hematopoiesis is only m ildly affected in the early stages of 
disease. Therefore delay of aggressive treatment is more feasible 
than with acute leukemia. Unless complications such as severe 
systemic symptoms, autoimmune hemolytic anemia, recurrent 
infection, or symptomatic lymphatic enlargement occur, treat
ment for chronic leukemia should be withheld until after deliv
ery. When necessary, therapy may consist of interferon-alfa, 
steroids, and chemotherapy agents or more recently, tyrosine 
kinase inhibitors such as imatinib. However, whereas the data 
are limited, it does appear that early exposure to imatinib 
is associated with a high rate o f congenital anomalies and 
miscarriage.4 0  Imatinib therapy initiated in the second and 
third trimesters may not add significant additional risk, but 
better outcome data are necessary before this can be ensured.44

Melanoma
The incidence o f malignant melanoma is increasing in the 
childbearing years, with reported ranges from 1% to 3.3%  in 
pregnant or lactating women; it accounts for 8% o f malignan
cies diagnosed in gestation.12,46 A topic of continued debate 
is whether pregnancy exerts a negative effect on the course of 
malignant melanoma. Prognostic features of the primary tumor 
include tumor thickness, ulceration, and location.46,47 Reports

TABLE 50-3 STAGES I AND II STUDY
OF MALIGNANT MELANOMA

RELATIONSHIP TO NO. OF MEAN TUMOR
TIME OF PREGNANCY PATIENTS THICKNESS (mm)

Before 85 1.29
During 92 2.38*
After all 143 1.96
Between 68 1.78

From MacKie RM, Bufalino R, Morabito A, et al. Lack of effect on pregnancy outcome 
of melanoma. Lancet. 1991;337:653.
*P = .004. When corrected for tumor thickness, survival rates were not different. 
Multivariate analysis identified tumor thickness as an independent prognostic variable, 
not pregnancy.

have suggested that melanoma that arises during pregnancy is 
associated with an aggressive clinical course; it is more likely to 
be diagnosed at an advanced stage, to have an increased tumor 
thickness, to be found in locations associated with a poor prog
nosis and therefore to have a shorter disease-free interval.9, A 
meta-analysis of melanoma suggested that pregnancy-associated 
melanomas did appear to have poorer outcomes.52 However, 
after correcting for tumor thickness, survival rates were 
similar, and other studies show no increase in poor prog
nostic location o f lesions in the pregnant patient and com
parable survival outcomes to nonpregnant cohorts (Table
5 0-3).46,4 A large population-based study found no data to 
support the notion of advanced stage, thicker tumors, increased 
rate of lymph node metastases, or worsened survival in women 
with melanoma diagnosed during pregnancy when compared 
with nonpregnant women.53 This series also noted that maternal 
and neonatal outcomes were equivalent to those of pregnant 
women without melanoma.53

Once the diagnosis is suspected, biopsy is recommended. The 
methods used to describe the depth o f invasion for mela
noma are depicted in Figure 50-2. Wide surgical excision with 
appropriate margins remains the most effective modality for 
the treatment o f melanoma. Sentinel or complete lymph node 
dissection has been used successfully.9 Because adjuvant chemo
therapy has not demonstrated improved survival, it is not recom
mended for the pregnant patient because of the potential risk 
to the fetus. However, it may be appropriate to plan for early 
delivery to allow initiation of therapy.

Despite rare reports of regression after delivery, no studies 
support any benefit associated with therapeutic abortion.51 
Given the aggressive nature of the current therapies available for 
metastatic disease, it is appropriate to consider termination of 
pregnancy when managing advanced disease that presents in the 
first trimester.51

The patient who has undergone apparent successful treatment 
for a malignant melanoma may express concern about the safety 
of a future pregnancy. No adverse impact on recurrence or sur
vival has been identified in most studies that have addressed this 
issue.48 However, the timing of subsequent pregnancy deserves 
some consideration. The probability for survival of a specific 
cancer should be evaluated based on the known prognostic 
variables. The 5-year survival rate for the patient with a mela
noma less than 1.5 mm thick is 90%. For a tumor of intermedi
ate thickness (1.5 to 4 mm), the 5-year survival rate is 50% to 
75%, and for a more deeply invasive tumor, survival is less than 
50%. Some studies report that approximately 60% to 70% of 
patients develop their recurrence within 2 years, and 80% to 
90% within 5 years.51 Based on this information, it is generally
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Epidermis

Subcutaneous tissue 
Reticular dermis 
Papillary dermis

FIG 50-2 Schematic comparison of the different levels of invasion for melanoma. (From Gordon AN. Vulvar tumors. In Copeland LJ [ed]: Textbook 
of Gynecology, ed 2. Philadelphia: WB Saunders; 2000:1202.)
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recommended that patients wait 2 to 3 years before attempt
ing another pregnancy, especially with nodal disease.,s

Cervical Cancer
Cervical cancer is the most common gynecologic malignancy 
associated with pregnancy. It occurs in approximately 1 to 
2 per 2000 to 10 ,000 pregnancies, and approximately 3%  
(1 in 34  cases) o f all invasive cervical cancers occur during
pregnancy.1’2'17 Although it is the only cancer whose screening 
is part of the prenatal evaluation, the true incidence is difficult 
to ascertain because of the reporting biases associated with the 
reports that originate from large referral centers. Also, various 
reports may include patients who have preinvasive lesions as well 
as those diagnosed in the postpartum period.

The initial obstetric visit should include visualization of the 
cervix and cervical cytology, if  indicated. If the cervix appears 
friable, cervical cytology alone may not be sufficient to alert the 
physician to the presence of a malignant tumor. False-negative 
cervical cytology is at increased risk in pregnancy owing to 
excess mucus and bleeding from cervical eversion; therefore 
it is necessary to obtain a biopsy to ensure that tissue friabil
ity or a lesion is not secondary to tumor. The most common 
symptoms for cervical cancer are vaginal bleeding or discharge, 
although approximately one third of pregnant patients with 
cervical cancer are asymptomatic at the time of diagnosis.

Cervical cytology suggestive of a squamous intraepithelial 
lesion or a report of atypical glandular cells during pregnancy 
requires appropriate clinical evaluation (Fig. 50-3). Colposcopy

during pregnancy is usually enhanced by the physiologic ever
sion of the lower endocervical canal. However, vascular changes 
and redundant vagina may alter or obscure normal visualization 
and may make interpretation difficult, and referral to a gyneco
logic oncologist may be appropriate. During pregnancy, failure 
to visualize the entire transformation zone and squamocolum- 
nar junction is uncommon. Although endocervical curettage 
is not recommended during pregnancy, lesions that involve 
the lower endocervical canal can often be directly visualized 
and biopsied. Whereas the pregnant cervix is hypervascular, 
serious hemorrhage from an outpatient biopsy is uncom
mon, and the risk o f bleeding is offset by the risk o f missing 
an early invasive cancer. Following a colposcopy evaluation 
with appropriate tissue sampling, most patients with preinvasive 
lesions can be followed with repeat colposcopy at 6- to 8-week 
intervals to delivery and postpartum.17

When necessary during pregnancy, cone biopsy should ideally 
be performed during the second trimester because of increased 
risks of abortion in the first trimester and rupture of membranes 
or premature labor in the third trimester.5"* Because complica
tions from conization of the pregnant cervix are common, thera
peutic conization for intraepithelial squamous lesions is 
contraindicated during pregnancy. Diagnostic cone biopsy 
in pregnancy is reserved for patients whose colposcopic- 
directed biopsy has shown superficial invasion (suspected 
microinvasion) or in other situations in which an invasive 
lesion is suspected but cannot be confirmed by biopsy. When 
a cone biopsy is necessary during pregnancy, the clinician should
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1066 Section VI Pregnancy and Coexisting Disease

FIG 50-3 Suggested protocol for evaluation of abnormal cervical cytology in pregnancy. ECC, endocervical curettage; CIN, cervical intraepithelial 
neoplasia. (From Hacker NF, Berek JS, Lagasse LD, et al. Carcinoma of the cervix associated with pregnancy. Obstet Gynecol. 1982;59:735.)

keep in mind the anatomic alteration of the cervix secondary to 
pregnancy. A shallow disklike cone is usually satisfactory to 
clarify the diagnosis with a minimum of morbidity. O f impor
tance, patients who have had a conization during pregnancy are 
at higher risk for residual disease, therefore close follow-up is 
essential.

Considering the routine practice of cervical evaluation in 
early pregnancy, a preponderance of early-stage disease diag
nosed in the first trimester would be expected. Surprisingly, this 
is not the case, and the diagnosis o f cervical cancer is com
monly made postpartum rather than during pregnancy. Fur
thermore, although stage IB disease is the most common 
stage found, all stages are represented in significant numbers. 
Both patient and physician factors contribute to the delays in 
diagnosis, and these include lack of prenatal care, failure to 
obtain cervical cytology or biopsy of gross cervical abnormalities, 
false-negative cytology, and failure to evaluate abnormal cytol
ogy or vaginal bleeding properly

Following the diagnosis of invasive cervical cancer, a staging 
evaluation is indicated. The standard cervical staging is clinical 
and is usually based on the results of physical examination and 
modification of routine testing, such as chest radiograph with 
abdominal shielding and sonography to detect hydronephrosis. 
If additional retroperitoneal imaging is desired for the evaluation

of lymphadenopathy, consideration should be given to using 
MRI because it does not involve ionizing radiation.

Microinvasion
In patients with a microinvasive squamous carcinoma with 
negative margins on cone biopsy, consideration can be given 
to conservative management until delivery. The risk of occult 
metastatic disease is predominantly dependent on two patho
logic features: (1) the depth of invasion and (2) the presence 
or absence of lymph-vascular space involvement.55 Whether 
the cone biopsy can be considered sufficient long-term therapy 
or whether a postpartum hysterectomy with or without lymph- 
adenectomy should be performed is also based on the detailed 
analysis of the pathologic features of the cone biopsy. In these 
cases, consultation with a gynecologic oncologist is appropriate.

Invasive, Early-Stage Disease
Because the definitive treatment o f invasive cervical cancer is 
not compatible with continuation o f pregnancy, the clinical 
question that must be addressed is when to proceed with 
delivery so that therapy can be completed. Considering this 
requirement, treatment options will be influenced by gesta
tional age, tumor stage and metastatic evaluation, and mater
nal desires and expectations regarding the pregnancy. The
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management of early invasive cervical cancer (stages IA2, IB, 
and IIA) in the young patient usually includes radical hysterec
tomy, pelvic lymphadenectomy, and aortic lymph node sam
pling.56 The primary advantage of this treatment approach over 
radiation therapy for these patients is preservation of ovarian 
function. For the woman with a high probability of having a 
poor prognostic lesion that would require postoperative irradia
tion, consideration can be given to performing a unilateral or 
bilateral oophoropexy at the time of the hysterectomy. The 
ovarian suspension should be intraperitoneal, because retroperi
toneal placement seems to predispose to subsequent ovarian cyst 
formation. In the first trimester, this surgery is usually carried 
out with the fetus in utero. In the third trimester, the radical 
hysterectomy and lymphadenectomy are performed after com
pletion of a high classical cesarean delivery. Delays in therapeutic 
intervention have not been reported to increase recurrence rates 
for patients with small-volume stage I disease.56 Although the 
pelvic vessels are large, the dissection is enhanced by more easily 
defined tissue planes.56

Second-trimester presentations are more problematic. Studies 
have supported delay in management of early-stage disease until 
after fetal viability in women diagnosed after 20 weeks’ gesta
tion.17,57 Other reports have suggested the administration of one 
to three cycles of platinum-based chemotherapy, allowing an 
additional 7 to 15 weeks of fetal maturation. This neoadjuvant 
approach, chemotherapy before either surgery or irradiation, has 
been reported in nine cases of cervical cancer diagnosed during 
pregnancy; three patients, all with advanced disease, ultimately 
died of disease, but all neonatal outcomes were normal.S7 In 
terms of general fetal salvage and outcome, the risk of extreme 
prematurity would far outweigh the risk of the chemotherapy 
exposure. Although this management of second-trimester cervi
cal cancer presentations seems logical, little information is avail
able about this treatment approach. In cases diagnosed remote 
from fetal maturity, between 20 and 30 weeks’ gestation, assess
ment of nodal involvement should be considered and will dictate 
further recommendations for management.57

Invasive, Locally Advanced Disease
The management of the patient with more advanced local 
disease is based on treatment with chemotherapy and irradia
tion, both external beam to treat the regional nodes and shrink 
the central tumor and brachytherapy to complete the delivery 
of a tumoricidal dose to the cervix and adjacent tissues.5 Coor
dinating a chemoradiation treatment plan for pregnant patients 
with stage IIB, stage III, and stage IVA disease is challenging. 
The patient with a first-trimester pregnancy can usually be 
treated in the standard fashion with initiation o f chemo
therapy and external radiation therapy to the pelvis or an 
extended field, as dictated by standard treatment guidelines. 
Most o f these patients proceed to abort spontaneously within
2 to 5 weeks o f initiating the radiation. Patients in the late first 
trimester are least likely to abort spontaneously, and it may be 
necessary to perform a uterine evacuation on the completion of 
external therapy in some patients. Following either spontaneous 
abortion or uterine evacuation, the brachytherapy component 
of the radiation therapy can proceed in the standard fashion. 
Second- or third-trimester patients should have a high classic 
cesarean delivery before starting standard chemotherapy and 
irradiation. Again, it would seem appropriate to strongly con
sider neoadjuvant chemotherapy for this group of patients, espe
cially the patient with a second-trimester or early third-trimester

presentation, when the opportunity for further fetal maturation 
can be provided.

Invasive, Distant Metastasis
Metastatic disease to extrapelvic sites carries a poor prognosis. 
Although a select few patients with aortic node metastasis may 
receive curative therapy, it is unlikely for the patient with either 
pulmonary, bone, or supraclavicular lymph node metastases to 
be cured. Personal patient choices and ethical considerations are 
the major factors guiding treatment in these situations.

Small cell neuroendocrine tumors of the cervix associated 
with pregnancy are rare. Neoadjuvant or adjuvant chemotherapy 
may be used, and long-term survivors have been reported.58 
These tumors are considered to be histologically aggressive, and 
pregnancy preservation is not recommended. However, each 
case should be individualized.47 48

Method of Delivery
Controversy continues to surround the issue of the method of 
delivery for the term patient with cervical cancer. It seems unjus
tifiably risky to encourage vaginal delivery of a patient with a 
large, firm, barrel-shaped tumor or a large, friable, hemorrhagic 
exophytic tumor. However, many patients with small-volume 
stage IB, IIA, and early IIB tumors are potential candidates for 
vaginal delivery. Whether vaginal delivery promotes systemic 
dissemination o f tumor cells is unknown, although the 
general opinion is that survival rates are not influenced by 
the mode o f delivery.

Although systemic tumor dissemination secondary to vaginal 
delivery has not been documented, there are reports of episiot
omy implants for both squamous carcinoma and adenocarci
noma following vaginal delivery.39 Episiotomy implants are 
sufficiently rare that the risk should not be a determining factor 
for a given patient. However, the episiotomy should be care
fully followed in a cervical cancer patient who delivers vagi
nally. Episiotomy nodules in these patients must be promptly 
evaluated by biopsy, because an early diagnosis may permit cura
tive therapy.59 Diagnostic delays secondary to suspicion of the 
nodules representing a stitch abscess should be avoided.

Survival
Although some authors have suggested that the survival of 
patients with cervical cancer associated with pregnancy is 
compromised, most reports indicate that the prognosis is not 
altered.5

Ovarian Cancer
Although adnexal masses are often observed in pregnancy, 
only 2% to 5% are malignant ovarian tumors.'" Ovarian 
cancer occurs in approximately 1 in 10,000 to 1 in 56,000
pregnancies.17,60 W ith the increased use of diagnostic ultra
sound, ovarian cysts and neoplasms are more frequently encoun
tered in early pregnancy.60,61 Ultrasonic features associated 
with an increased risk of malignancy include the presence of 
excrescences/papillary structures, irregular borders, septations/ 
complex appearance, and presence of ascites; any of these fea
tures should prompt further evaluation.61

Whereas the three major categories o f ovarian tumors—  
epithelial, including borderline tumors; germ cell; and sex- 
cord stromal—occur during pregnancy, the majority are 
diagnosed in early stages and result in favorable outcomes.60 
Germ cell tumors account for 30% to 50%, followed by sex-cord
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1068 Section VI Pregnancy and Coexisting Disease

FIG 50-4 Magnetic resonance imaging of an ovarian malignancy diag
nosed during pregnancy.

stromal tumors and epithelial tumors; the remainder are meta
static tumors to the ovary.60 This distribution is undoubtedly 
skewed by the reporting bias associated with rare tumors. O f 
note, the majority o f epithelial ovarian tumors that compli
cate pregnancy are grade 1, or low malignant potential, or 
early stage; and not uncommonly, these tumors are both low 
grade and stage I.

Management of the adnexal mass in pregnancy is controver
sial. The risks of surgical intervention may favor a conserva
tive approach.60,61 Serial sonograms may be of some value in 
determining the nature and biologic potential of the tumor. A 
number of opposing risks require consideration before following 
a conservative approach. The risk of greatest concern is that a 
delay of surgical intervention could permit a malignant ovarian 
tumor to spread, resulting in a decreased opportunity for cure. 
However, considering the rarity of advanced-stage poorly differ
entiated epithelial tumors in this age group, this risk is relatively 
small. Although ovarian tumors may be the cause of obstructed 
labor, this is uncommon.61 Skilled sonographic examination 
or M RI (Fig. 50-4) is essential to determining the potential 
for malignancy based on size and imaging characteristics. 
Serial sonographic evaluations will also identify the rare tumor 
that remains in the pelvis as the gestation progresses. Because 
most ovarian masses relocate to the abdomen as the pregnancy 
advances, other explanations should be considered for persis
tent pelvic masses, including pelvic kidney, uterine fibroids, and 
colorectal or bladder tumors.

There does appear to be an increased probability that an 
adnexal mass during pregnancy will undergo torsion or rupture, 
and surgical intervention for these events is associated with 
higher fetal loss than with an elective procedure.60 Prompt sur
gical exploration is also performed for the mass associated 
with ascites or when metastatic disease is evident. Because 
surgical exploration during pregnancy is associated with an 
increase in pregnancy loss and neonatal morbidity, it is ideal to 
delay surgical intervention until term or after delivery. However, 
if  intervention is required during pregnancy, surgery should be 
performed after 16 weeks of gestation to reduce the risk of 
spontaneous abortion and allow the resolution of functional

When a malignant ovarian tumor is encountered at lapa
rotomy, surgical intervention should be similar to that for 
the nonpregnant patient. If the gestation is preterm, and the 
tumor appears confined to one ovary, consideration should be 
given to lim iting the staging to removal of the involved ovary, 
cytologic washings, omentectomy, pelvic and paraaortic lymph 
node dissection, and a thorough manual exploration of the 
abdomen and pelvis.62 The potential benefit of more extensive 
staging may be offset by higher pregnancy loss or neonatal mor
bidity. Before surgery, a comprehensive discussion with the 
patient should guide the extent of surgery if  metastatic disease, 
especially a high-grade epithelial lesion, is encountered. Depend
ing on the gestational age and the patient’s desires, limited 
surgery followed by chemotherapy and additional extirpative 
surgery following delivery may be offered in select cases.62

Preoperative serum tumor markers are of lim ited value during 
pregnancy secondary to the physiologic increases in (3-hCG, 
AFP, and CA 125. The mean CA 125 level increases slightly 
during the first trimester and then normalizes during the second 
trimester.63 However, following diagnostic confirmation of a 
malignant ovarian tumor, the appropriate serum markers may 
be useful to monitor the course of the disease.

Virilizing ovarian tumors during pregnancy are most com
monly secondary to theca-lutein cysts, and their evaluation 
and management should be conservative. These benign exag
gerated physiologic “tumors” may redevelop with subsequent 
pregnancies.60,61

Postoperative Adjuvant Therapy
Postoperative adjuvant therapy should follow the treatment 
guidelines for the nonpregnant patient. Although it may be 
reasonable for patients with low-risk, low-stage tumors to have 
adjuvant therapy delayed until after delivery, patients with 
advanced epithelial tumors should receive combination 
chemotherapy. The standard therapy is the combination 
of a platinum agent and paclitaxel, and tolerability o f this 
regimen in pregnancy has been demonstrated.6' A number 
of favorable treatment outcomes has also been reported in 
pregnant patients who have malignant germ cell and sex cord 
stromal tumors, and consultation with a gynecologic oncologist 
is warranted.64

Vulvar and Vaginal Cancer
Because vulvar and vaginal cancers usually occur after age 
40, the diagnosis o f either disease concurrent with pregnancy 
is rare. Fewer than 30 cases of vulvar carcinoma diagnosed and 
treated during pregnancy have been reported.62,65 Vulvar carci
noma in pregnancy is typically diagnosed in early stages. The 
diagnosis is based on biopsy, and neither pregnancy nor the 
young age of a patient should discourage the biopsy of a vulvar 
mass. Because verrucous squamous carcinoma tends to be mis
diagnosed as condyloma, it is important to inform the patholo
gist of the clinical characteristics of unusually large or aggressive 
condyloma-like lesions. Surgical management is similar to that 
used in the nonpregnant patient, with the preference being to 
perform surgery in the second trimester to avoid the fetal risks 
of exposure to anesthesia in the first trimester and the maternal 
risks associated with operating on the hypervascular vulva in the 
third trimester. If vulvar carcinoma is diagnosed after 36 weeks’ 
gestation, treatment is generally deferred until the postpartum 
period.57,62 Vaginal delivery has been reported following surgical 
resection of vulvar cancers during pregnancy.62
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Vaginal carcinoma is less common than vulvar carcinoma. 
The same limitations apply to vaginal cancer as apply to locally 
advanced cervical cancer in pregnancy. The cornerstone of treat
ment is irradiation therapy. Clear cell adenocarcinoma of the 
vagina has been reported in 16 pregnant patients, and 13 were 
long-term survivors.66

Endom etrial Cancer
Approximately 35 cases of endometrial cancer associated with 
pregnancy have been reported in the literature, and only 30% 
of cases are associated with a viable fetus.6 Although more than 
half of these cases were diagnosed in the first trimester, abnormal 
bleeding later in pregnancy or postpartum may be the presenting 
symptom of this tumor. Fortunately, a majority of cases of 
endometrial cancer in pregnancy are diagnosed with stage I 
disease (88%) and grade 1 tumors (80%). W ith extensive coun
seling and a thorough evaluation to exclude metastatic disease, 
these patients may be candidates for conservative treatment with 
hormonal manipulation, repeat endometrial evaluation, and 
modifications of risk factors to preserve fertility.67

G a s tro in te s t in a l C ancers  
Upper Gastrointestinal Cancers
The diagnostic delay in detecting pregnancy-related upper GI 
cancers is often attributable to the frequency and duration of GI 
symptoms in pregnancy. In the United States, stomach cancer 
is rarely diagnosed in women during the reproductive years. 
During pregnancy, persistent severe upper GI symptoms are 
best evaluated by gastroduodenoscopy rather than radiologic 
studies.17 Because curative resection of localized stomach cancer 
is possible in only approximately 30% of patients, it is impera
tive that treatment not be delayed.

M alignant hepatic tumors are rare during the reproductive 
years. Hepatocellular tumors detected during pregnancy should 
be resected, because the maternal and fetal mortality associated 
with subcapsular hemorrhage and liver rupture during preg
nancy is high. In patients with unresectable hepatomas, thera
peutic abortion can be considered to decrease the risk of 
subsequent rupture and bleeding.

Colon and Rectal Cancer
The incidence of colon cancer during pregnancy is about 1 in
13,000 liveborn deliveries.68 Because pregnancy is often accom
panied by constipation and exacerbations of hemorrhoids and 
anal fissures, the symptoms of colorectal carcinoma— namely, 
rectal bleeding, anemia, altered bowel movements, abdominal 
pain, and backache— tend to be attributed to the pregnancy, and 
diagnostic delay is common. The majority o f colorectal carci
nomas during pregnancy are rectal and palpable on rectal 
examination, in contrast to more proximal lesions found in 
the nonpregnant patient.68 Patients with unexplained hypo
chromic microcytic anemia should be evaluated with stool 
guaiac testing. If a colorectal lesion is suspected, endoscopic 
methods of evaluation are preferred to radiologic imaging 
studies. Unfortunately, most cases of colorectal cancer are not 
diagnosed until late pregnancy or at the time of delivery. Delays 
in diagnosis are probably responsible for a higher likelihood of 
advanced-stage colorectal cancer in pregnancy and an associated 
poor prognosis.68

Management o f colon cancer is determined by gestational 
age at diagnosis and tumor stage. During the first half of 
pregnancy, colon resection with anastomosis is indicated for

colon or appendiceal cancers.69 Abdominoperineal resection or 
low anterior resection has been accomplished up to 20 weeks’ 
gestation without disturbing the gravid uterus. In some cases, 
access to the rectum may not be possible without a hysterectomy 
or uterine evacuation.

In late pregnancy, a diverting colostomy may be necessary to 
relieve a colonic obstruction and allow the development of fetal 
maturity before instituting definitive therapy. Some patients 
with a diagnosis after 20 weeks may opt to continue the preg
nancy to fetal viability. Vaginal delivery is planned unless the 
tumor is obstructing the pelvis or is located on the anterior 
rectum. If cesarean delivery is performed, tumor resection can 
be accomplished immediately. Although reports are limited in 
regard to chemotherapy with oxaliplatin, 5-fluorouracil (FU), 
and leucovorin in pregnancy, neoadjuvant chemotherapy or 
radiation therapy for colorectal carcinoma in the pregnant 
patient has not demonstrated sufficient response to risk fetal

70exposure.

Urinary Tract Cancers
Just over 100 cases of renal cell carcinoma have been reported 
during pregnancy.71 Diagnosis is typically made by a combina
tion of symptoms that include the presence of a palpable mass, 
flank pain, refractory urinary tract symptoms, or hematuria. 
Initial evaluation consists of ultrasound followed by MRI. 
Although each case should be individualized based on stage, 
symptoms, and risks to pregnancy, surgery is the mainstay of 
treatment. Cases of successful nephrectomy during pregnancy 
have been reported.

Bladder cancer during pregnancy is rare with fewer than 30 
cases reported.71,72 The most common symptoms are painless 
hematuria and abdominal pain. Diagnostic evaluation consists 
of urethrocystoscopy, urinary cytology, and renal ultrasonogra
phy, which can all be performed safely in pregnancy. Bladder 
cancer has even been diagnosed on routine obstetric ultra
sound examination, and it can be managed by local fulguration 
or resection if  it is well differentiated and superficial. Less dif
ferentiated, deeply invasive, and recurrent tumors may require a 
partial or complete cystectomy. Treatment of urethral carcinoma 
varies with the size and location and may include surgical exci
sion or interstitial brachytherapy implants.

CENTRAL NERVOUS SYSTEM TUM O RS
The spectrum o f CNS tumors found in pregnant patients is 
similar to those found in nonpregnant patients. 3 In preg
nancy, 32% of brain tumors are gliomas, 29% are meningiomas, 
15% are acoustic neuromas, and the other 24% are divided 
among other, more rare subtypes. Spinal tumors account for 
only one eighth of the CNS tumors and are most often vertebral 
hemangiomas (61%) and meningiomas (18%). Unfortunately, 
the presenting symptoms of headache, nausea, and vomiting are 
often attributed to normal complaints of pregnancy, which 
results in a delay of diagnosis. Meningiomas, pituitary adenomas 
(see Chapter 43), acoustic neuromas, and vertebral hemangio
mas may demonstrate rapid enlargement during pregnancy. This 
may be secondary to fluid retention, increase in blood volume, 
or hormonal stimulation. MRI is the preferred imaging tech
nique used to diagnose intracranial neoplasms. 1

Whereas high-grade glial tumors should undergo prompt 
diagnosis and treatment, low-grade glial tumors such as 
astrocytomas and oligodendrogliomas do not usually require
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immediate intervention. Adjuvant cranial radiotherapy with 
abdominal shielding should be considered for patients with 
high-grade tumors. Successful surgical removal of a variety of 
CNS tumors has been reported.74,75 Corticosteroids are rec
ommended to reduce the surrounding edema of intracranial 
masses. The role of adjuvant chemotherapy should be individu
alized.73 Although rare, if  a prolactin-secreting adenoma enlarges 
or is symptomatic, bromocriptine may be used with a favorable 
safety profile (see Chapter 43). Because painful contractions 
and pushing increase intracranial pressure, it is recommended 
that labor be as pain free as possible, and the second stage 
of labor should be assisted with forceps to reduce the risk of 
herniation.

NEONATAL OUTCOMES
In addition to maternal outcomes, the impact of cancer and its 
therapy on the fetus/neonate needs to be considered. Consulta
tion with maternal-fetal medicine and a neonatology team as 
soon as possible is recommended.17 In a series of 180 pregnancies 
affected by cancer, the mean gestational age at delivery was 36.2 
(± 2.9) weeks’ gestation.6 Over 45% of all deliveries occurred 
before 37 weeks, and 8% occurred before 32 weeks. Induction 
was performed in 89.7% of the preterm deliveries for maternal 
cancer (88%) and obstetric indications (12%).6

Over 50% of the neonates were admitted to the neonatal 
intensive care unit (NICU) with prematurity as the most 
common indication.6 O f note, neonates exposed to chemother
apy for ALL near the time of delivery may experience hemato
logic toxicity.6,76 When assessing neonatal outcomes, the rates of 
major and minor malformations were comparable to those of 
the general population.6,76

FETAL-PLACENTAL METASTASIS
Metastatic spread of a maternal primary tumor to the placenta 
or fetus is rare, with approximately 100 cases reported. In 
general, the biologically aggressive spectrum of malignancies 
seem to carry the highest risk for fetal metastases. Malignant 
melanoma is the most frequently reported tumor metastatic 
to the placenta, and it also has a high rate o f fetal metasta
ses.77,78 Other cancers that have been reported to metastasize to 
the products of conception include hematologic malignancies, 
breast cancer, lung cancer, sarcoma, and gynecologic cancers. 
When the diagnosis of cancer in pregnancy is present, recom
mendations include a thorough macroscopic and microscopic 
evaluation of the placenta and cytologic examination of mater
nal and umbilical cord blood. Neonates should be examined 
every 6 months for 2 years with a physical examination, chest 
radiograph, and liver function tests. 77

FERTILITY PRESERVATION
It is estimated that every year, approximately 55,000 cases of 
cancer will be diagnosed in Americans under the age of 35 
years.79 Because of better treatments, survival rates among young 
patients has improved, which highlights the need to address the 
impact of cancer and its treatment on fertility. The risk of 
infertility may be a direct result o f the disease, surgery, che
motherapy agents and dose, radiation, and age. Although 
based on limited studies and selection bias, the use of fertility 
preservation techniques in appropriately selected patients has

not been shown to have inferior oncologic outcomes when com
pared with standard therapy. Surgical options for fertility pres
ervation include radical trachelectomy and ovarian transposition 
for cervical cancer and retention of the contralateral ovary and 
uterus in ovarian cancer. Additional options include the use of 
medical management for endometrial cancer and pelvic shield
ing for radiation therapy.

Infertility is associated with psychosocial distress, and options 
for fertility preservation should be addressed as soon as possible.

W hen treatment renders a high risk of resultant infertility, 
consultation with a reproductive specialist may be warranted. 
Options for fertility preservation vary depending on the age and 
potential impact of the treatment on fertility.1 Embryo cryo- 
preservation is the most established method, and in those women 
who do not have a partner, oocyte cryopreservation can be 
performed. However, these options require hormonal stimula
tion and a possible delay in cancer treatment. Although less 
well studied, other options include the use of oocyte collection 
and ovarian tissue cryopreservation.79,80 Once thought to be 
beneficial, the use of gonadotropin-releasing hormone (GnRH) 
agonists in women receiving chemotherapy for breast cancer 
was not associated with a higher rate of ovarian function 
preservation.81 W hen fertility cannot be preserved, patients 
should be advised on options such as gestational surrogacy and 
adoption.

Cancer survivors should be counseled on contraception 
options to reduce the risk of unintended pregnancy. Selection 
of contraception is based on status and type of malignancy and 
compliance. Additionally, hormonal contraception may be con
traindicated because of a negative impact on cancer outcomes 
(e.g., breast cancer) or an increase in the risk of adverse side 
effects, such as thrombosis.17

GESTATIONAL TROPHOBLASTIC DISEASE 
AND PREGNANCY-RELATED ISSUES
It is uncommon for a normal viable pregnancy to be complicated 
by gestational trophoblastic disease (GTD). A comprehensive 
summary of the evaluation and management of the complete 
spectrum of GTD is beyond the scope of this chapter. However, 
the aspects of GTD related to general obstetric and postpartum 
care are reviewed.

Hydatidiform  M ole (Com plete Mole)
The incidence o f hydatidiform mole has great geographic 
variability. In the United States, it occurs in approximately
1 in 1000 to I in 1500 pregnancies. The two clinical risk 
factors that carry the highest risk of a molar pregnancy are
(1) the extremes of the reproductive years (age 50 or older is 
associated with a relative risk of over 500) and (2) the history 
of a prior hydatidiform mole (the risk for development of a 
second molar pregnancy is 1% to 2%, and the risk of a third 
after two is approximately 25% ).82,83 Patients with these risk 
factors should have an ultrasound evaluation of uterine contents 
in the first trimester. Although historically, approximately 50% 
of patients were not diagnosed with a molar pregnancy before 
vaginal expulsion of molar tissue, currently, in developed coun
tries, most patients are diagnosed either by ultrasound while 
asymptomatic or by ultrasound for the evaluation of vaginal 
spotting or cramping symptoms. Approximately 95% of com
plete hydatidiform moles have a 46,XX paternal homologous 
chromosomal pattern.
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FIG 50-5 Algorithm for the management of molar pregnancy. CBC, complete blood count; CT, computed tomography; CXR, chest x-ray; hCG, 
human chorionic gonadotropin; H. mole, hydatidiform mole; PT, prothrombin time; PTT, partial thromboplastin time; WHO, World Health Orga
nization. (From Finfer SR: Management of labor and delivery in patients with intracranial neoplasms. Br J Anaesth 1991 ;67:784.)

The safest technique for evacuating a hydatidiform mole 
is with the suction aspiration technique. Oxytocin should 
not be initiated until the patient is in the operating room 
and evacuation is imminent in order to minimize the risk of 
embolization o f trophoblastic tissue. The alternative manage
ment for the older patient who requests concurrent sterilization 
is hysterectomy. Following either evacuation or hysterectomy, 
weekly (3-hCG levels are drawn until the hCG titer is within

normal limits for 3 weeks. The titers are then observed at 
monthly intervals for 6 to 12 months. Figure 50-5 illustrates an 
algorithm for molar pregnancy management.

For the patient with a complete molar pregnancy, the risk 
of requiring chemotherapy for persistent GTD is approxi
mately 20% . Clinical features that increase this risk include 
delayed hemorrhage, excessive uterine enlargement, theca-lutein 
cysts, serum hCG greater than 100,000 mlU/mL, and maternal
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1072 Section VI Pregnancy and Coexisting Disease

FIG 50-6 Partial mole with dead fetus of abnormal karyotype. (From 
Finfer SR. Management of labor and delivery in patients with intracra
nial neoplasms. Br J Anaesth. 1991 ;67:784.)

age older than 40. It is important not to misinterpret a rising 
(3-hCG level because of a new intervening pregnancy as persis
tent GTD because intervention with chemotherapy would be a 
significant risk to a new gestation, inducing either abortion or 
possible teratogenic defects.

Invasive M ole (Chorioadenoma Destruens)
Because invasion of the myometrium by molar tissue is clinically 
occult, it is difficult to assess the true incidence, although it is 
estimated to be between 5% and 10%. The clinical hallmark of 
an invasive mole is hemorrhage, which can be severe, and the 
bleeding may be either vaginal or intraperitoneal.

Partial Hydatidiform  M ole
Most partial moles have a triploid (paternally inherited, dian
dric) karyotype, and the next most common are tetraploidies. 
A minority of partial moles exhibit a mosaic or partially diploid 
karyotype. Karyotype analysis of the accompanying fetus is 
important in planning therapeutic intervention. A partial mole 
associated with a nonviable fetal chromosomal abnormality 
requires either mechanical or medically induced uterine evacua
tion (Fig. 50-6).84 In the presence of an abundance of hydropic 
tissue, there is always the concern that trophoblastic tissue 
embolization may occur during uterine contractions induced 
to evacuate molar tissue. The management o f a patient with 
sonographic findings suggestive o f a diagnosis o f a partial 
mole is particularly challenging if the karyotype analysis of 
the fetus is diploid, especially if the diagnosis is made in the 
second or third trimester. When a normal karyotype exists, 
it is appropriate to consider diagnostic possibilities other than 
partial mole, such as a twin gestation— one normal develop
ing fetus and one molar pregnancy. Also, degenerative changes 
(hydropic villi), retroplacental hematomas, placental abnor
malities (chorioangiomas), degenerative uterine myomas, and 
aborted tissue— sometimes referred to as a “transitional mole”— 
may lead to imaging abnormalities that are difficult to interpret.

Approximately 2% to 6% of patients develop persistent GTD 
after a partial molar pregnancy.85 Therefore because choriocarci
noma can follow a true partial mole, these patients require the

TABLE 50-4 COMMON SITES FOR
METASTATIC CHORIOCARCINOMA

SITE PERCENT

Lung 60-95
Vagina 40-50
Vulva/cervix 10-15
Brain 5-15
Liver 5-15
Kidney 0-5
Spleen 0-5
Gastrointestinal 0-5

From Finfer SR. Management of labor and delivery in patients with intracranial 
neoplasms. B r J  Anaesth. 1991;67:784.
Frequencies vary depending on whether data are based on autopsy studies or obtained 
from pretreatment imaging.

same postevacuation surveillance and management as the patient 
with a complete mole, with a follow-up of at least 6 months.86

Placental Site Trophoblastic Tum or
Less than 1% of all patients with GTD have placental site 
trophoblastic tumor. Although this tumor usually presents with 
abnormal vaginal bleeding following a term pregnancy, it can 
also be a sequela to a molar pregnancy or abortion. The postpar
tum presentation is characterized by a slightly enlarged uterus; 
persistent bleeding, or occasionally amenorrhea; and a slightly 
elevated (3-hCG level. The |3-hCG may not reliably reflect 
disease progression. The histologic diagnosis may be obtained 
by uterine curettage, possibly hysteroscopically directed. Because 
this disease tends to metastasize late and be somewhat resistant 
to chemotherapy, surgical excision (hysterectomy) should be 
considered. If the patient is desirous of future childbearing, 
management considerations that have been reported with some 
success include systemic chemotherapy, regional infusion che
motherapy, uterine curettage, and local excision of tumor by 
hysterotomy and uterine reconstruction.8

Choriocarcinoma
Choriocarcinoma develops in approximately 1 in every
40,000 term pregnancies, and this clinical presentation rep
resents about one fourth o f all cases o f choriocarcinoma. The
other cases follow molar disease or an abortion (spontaneous, 
therapeutic, or ectopic). GTD following a term pregnancy is 
always either choriocarcinoma or a placental site trophoblastic 
tumor, assuming a singleton pregnancy.

Choriocarcinoma is notorious for masquerading as other 
diseases. This is secondary to hemorrhagic metastases that pro
duce symptoms such as hematuria, hemoptysis, hematemesis, 
hematochezia, stroke, or vaginal bleeding. The common sites 
for metastatic disease are listed in Table 50-4. The diagnosis 
of choriocarcinoma is based on history, imaging studies, and a 
serum (3-hCG level. Histologic confirmation is neither neces
sary for the diagnosis nor as a prerequisite to initiate therapy. 
Again, it is essential to exclude the presence of a new gestation 
as the source of a rising [3-hCG level before extensive diagnostic 
imaging or therapeutic intervention. It is also important to 
rule out phantom |3-hCG production i f  the clinical scenario 
warrants, such as situations with low titers and no histologic 
or convincing imaging evidence o f GTD.

The complexities of the general treatment approach or treat
ment for special situations is beyond the scope of this chapter. 
It is recommended that the reader refer to a gynecology or
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Chapter 50 Malignant Diseases and Pregnancy

gynecologic oncology resource for discussions of the therapeutic 
subtleties and pitfalls. Choriocarcinoma should be managed by 
a gynecologic oncologist, preferably one with a special interest 
in the disease.

KEY POINTS

♦ Because many of the common complaints of pregnancy 
are also early symptoms of metastatic cancer, pregnant 
women with cancer are at risk for delays in diagnosis 
and therapeutic intervention.

♦ The safest time for most cancer therapies in pregnancy 
is in the second and third trimesters, thereby avoiding 
induction of teratogenic risks or miscarriage in the first 
trimester. For most malignancies diagnosed during the 
second trimester, chemotherapy should be undertaken 
as indicated because fetal risk is generally lower than the 
risk of delaying treatment or proceeding with preterm 
delivery.

♦ Antimetabolites and alkylating agents present the great
est hazard to the developing fetus.

♦ Diagnostic delays for breast cancer in pregnancy are 
often attributed to physician reluctance to properly 
evaluate breast complaints or abnormal findings in 
pregnancy.

♦ Treatment for Hodgkin disease may compromise the 
reproductive potential, and combined treatment with 
irradiation and chemotherapy are associated with the 
highest risk of ovarian failure.

♦ If a mother is exposed to cytotoxic drugs within 1 month 
of delivery, the newborn should be monitored closely 
for evidence of granulocytopenia or thrombocytopenia.

♦ The effect of pregnancy on the clinical course of mela
noma has been the subject of debate. W hen corrected 
for tumor thickness, pregnancy does not appear to be 
an independent prognostic variable for survival.

♦ After stratifying for stage and age, patients with 
pregnancy-associated cervical carcinoma have survival 
rates similar to those of the nonpregnant patient.

♦ Because most malignant ovarian tumors found in preg
nancy are either germ cell tumors or low-grade, early- 
stage epithelial tumors, the therapeutic plan will usually 
permit continuation of the pregnancy and preservation 
of fertility.

♦ Although rare, most colorectal carcinomas in pregnancy 
are detectable on rectal examination, underscoring the 
need for a rectal examination at the patient’s first pre
natal visit.

♦ Phantom |3-hCG should be ruled out in patients sus
pected of having gestational trophoblastic disease when 
not documented by other clear clinical evidence (histol
ogy, imaging, and clinical history), especially when 
|J-hCG titers are low.
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KEY ABBREVIATIONS

Atopic dermatitis AD
Atopic eruption of pregnancy AEP
Estrogen receptor ER
Intrahepatic cholestasis of pregnancy ICP
Malignant melanoma MM
Pemphigoid gestationis PG
Polymorphic eruption of pregnancy PEP
Prurigo of pregnancy PP
Pruritic folliculitis of pregnancy PFP
Psoralen with ultraviolet light A PUVA
Ultraviolet light B UVB

This chapter reviews the physiologic skin changes induced by 
pregnancy, along with preexisting skin diseases and tumors, and 
also outlines the diagnosis and treatment of melanoma, pruritis, 
and specific dermatoses of pregnancy. Common skin conditions 
discussed in the text are defined in Table 51-1.

PHYSIOLOGIC SKIN CHANGES  
INDUCED BY PREGNANCY
The human skin undergoes substantial changes during preg
nancy, induced by the combined effect of endocrine, metabolic, 
mechanical, and blood flow alterations. Although they may 
prompt cosmetic complaints, such physiologic changes are 
not associated with risks to the mother or fetus and can be 
expected to resolve or improve postpartum (Box 51-1).1,2 
However, some changes such as melasma, varicosities, and 
pregnancy-associated hyperkeratosis of the nipple3 may persist 
postpartum.

Pigm entary Changes
Mild forms o f localized or generalized hyperpigmentation 
occur to some extent in up to 90%  o f pregnant women and
are most noticeable in the areolae, nipples, genital skin, axillae, 
and inner thighs. Familiar examples include the darkening of 
the linea alba (linea nigra) and periareolar skin. Melasma, also 
termed chloasma or mask o f  pregnancy, refers to the facial hyper
pigmentation reported in up to 70% of pregnant women.2 
Hyperpigmented, symmetric, poorly demarcated patches are 
commonly seen on the malar areas (malarpattern) and are often 
distributed over the entire central face (centrofacialpattern ; Fig. 
51-1). In 16% of cases, hyperpigmentation occurs on the ramus 
of the mandible (mandibular pattern).4'5 Melasma results from 
melanin deposition in the epidermis (70%), dermal macro
phages (10% to 15%), or both (20%). It is likely secondary to 
the hormonal changes of gestation with increased expression of 
a-m elanocyte-stim ulating hormone. Melasma typically is exac
erbated by exposure to ultraviolet and visible light.'’ 0. Hyperpig
mentation is often more pronounced in brunettes and women 
with more melanocytes than in women with lighter baseline skin 
tone; the use of a broad-spectrum sunscreen with a high sun 
protection factor (SPF) during pregnancy may decrease the 
severity of hyperpigmentation.

Melasma usually resolves postpartum but may recur in 
subsequent pregnancies or with the use o f oral contracep
tives.4 Troublesome persistent melasma can be treated postpar
tum with topical hydroquinone 2% to 4% and sunscreen, with 
or without a topical retinoid and mild topical steroid.7 Despite 
treatment postpartum, melasma persists in approximately 30% 
of patients, especially in women with the dermal or mixed sub- 
types in which the deeper level of pigmentation results in 
decreased efficacy of topical agents. Combination therapies 
including laser treatment8'9 and chemical peels10 may be effective 
in resistant cases. There have been no reports of adverse fetal 
effects from laser skin treatment during pregnancy. Most laser

1075
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1076 Section VI Pregnancy and Coexisting Disease

TABLE 51-1 COMMON SKIN CHANGES AND DISEASES

CO NDITION

Pseudoacanthosis
nigricans

Dermal melanocytosis

Vulvar melanosis

Pregnancy-associated 
hyperkeratosis of 
the nipple

Miliaria

Hyperhidrosis

Dyshidrosis
Fox-Fordyce disease

Onycholysis
Subungual

hyperkeratosis
Palmoplantar

pompholyx eczema 
Acne conglobata

Pemphigus vulgaris

Pemphigus vegetans 

Pemphigus foliaceus 

Spitz nevi

DESCRIPTION

Hyperpigmentation of the skin folds and neck 
that mimic acanthosis nigricans 

Clusters of melanocytes abnormally located in 
the dermis that result in ill-defined 
bluish-gray patches 

Irregularly distributed patches of pigmentation 
on the vulva 

Focal hyperkeratosis, at times with wartlike 
papules, of the apex of the nipple

Sweat retention that reflects obstruction of 
eccrine sweat ducts 

Skin disorder characterized by increased sweat 
secretion

Recurrent vesicular eruption of palms and soles 
Chronic pruritic disorder of the apocrine 

glands characterized by blockage of the 
apocrine duct and sweat retention 

Detachment of the nail plate from the nail bed 
Deposition of keratinous material on the distal 

nail beds
See dyshidrosis above (former name for 

pompholyx )
Variant of acne vulgaris characterized by severe 

eruptive nodulocystic lesions without 
systemic manifestations 

Autoimmune bullous disorder of the skin and 
oral mucosa produced by antidesmoglein-3 
antibodies that cause intraepidermal 
acantholysis 

Variant of pemphigus vulgaris characterized by 
pustules that form fungoid vegetations or 
papillomatous proliferations 

Autoimmune bullous skin disorder produced 
by antidesmoglein-3 antibodies that cause 
subcorneal acantholysis 

Seen predominantly in children or young 
adults and characterized by prominent 
epithelioid and/or spindled melanocytes 
that can have atypical features

experts agree that laser radiation does not penetrate through the 
skin into deeper soft tissues; therefore it should not affect the 
fetus or the placenta. Still, because of potential liability issues, 
most dermatologists and plastic surgeons prefer not to perform 
laser procedures during gestation.

Uncommon pigmentary patterns such as pseudoacanthosis 
nigricans,11 dermal melanocytosis, vulvar melanosis, and verru
cous areolar hyperpigmentation can also be seen in pregnancy 
(see Box 51-1).12 Posdnflammatory hyperpigmentation second
ary to specific dermatoses of pregnancy (see the section “Specific 
Dermatoses of Pregnancy”) is also common in women with 
more highly pigmented skin types.

Vascular Changes
As a result of the combination of rising estrogen levels and 
increased blood volume in pregnancy, blood flow to the skin 
increases 4 to 16 times in the first 2 months of pregnancy and 
doubles again during the third month; this results in significant 
vascular sequelae (see Box 51-1). Spider nevi (spider angiomata) 
and telangiectasias develop in approximately two thirds of white 
women and 10% of black women between the second and fifth 
months of pregnancy and usually resolve within 3 months post
partum (Fig. 51-2, A).'* Approximately 10% of women have

BOX 51-1 PHYSIOLOGIC SKIN CHANGES IN PREGNANCY
Pigmentary
COM M ON
Hyperpigmentation
Melasma

UN C O M M O N
Jaundice
Pseudoacanthotic changes 
Dermal melanocytosis 
Hyperkeratosis of the nipple 
Vulvar melanosis

Hair Cycle and Growth
Hirsutism
Postpartum telogen effluvium 
Postpartum male-pattern alopecia 
Diffuse hair thinning (late pregnancy)

Nail
Subungual hyperkeratosis 
Distal onycholysis 
Transverse grooving 
Brittleness and softening

Glandular
Increased eccrine function 
Increased sebaceous function 
Decreased apocrine function

Connective Tissue
Striae
Skin tags (m ollu scum  fib rosum  gravidarum )

Vascular
Spider telangiectasias
Pyogenic granuloma (granu lom a gravidarum )
Palmar erythema 
Nonpitting edema 
Severe labial edema 
Varicosities 
Vasomotor instability 
Gingival hyperemia 
Hemorrhoids

Mucous Membrane
Gingivitis 
Chadwick sign 
Goodell sign

persistent spider nevi; treatment with electrodessication or 
pulsed dye laser is effective in women who find these cosmeti
cally troubling.

Palmar erythema, likely secondary to capillary engorgement, 
is also very common and occurs in up to 70% of white and 
30% of black women. Whereas varicosities of the distal leg 
veins and hemorrhoidal veins develop in more than 40% of 
women, thrombosis within these superficial varicosities occurs 
infrequently (<10%). Nonpitting edema can be seen on the 
ankles (70%) and face (50%) and is most pronounced in the 
early months of gestation. Varicosities may regress postpartum 
but usually not completely and are likely to recur in subsequent 
pregnancies.
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Gum hyperemia and gingivitis are common and frequently 
result in mild bleeding from the gums during routine oral 
hygiene. This is most prominent during the third trimester and 
resolves postpartum. Good dental hygiene will minimize symp
toms. Periodontal disease has been associated with adverse preg
nancy outcomes, so women without a recent dental examination 
should be referred.13

The pyogenic granuloma o f pregnancy, known as 
granuloma gravidarum or pregnancy epulis, is a benign pro
liferation o f capillaries that usually occurs in the gingiva but
can occasionally be identified on the lip or extramucosal sites 
(see Fig. 51-2, B). Pyogenic granulomas commonly appear 
between the second and fifth months of pregnancy and affect 
up to 2% of pregnancies.4 Presenting as a vascular, deep red or 
purple, exuberant, often pedunculated nodule between the teeth 
or on the buccal or lingual surface of the marginal gingiva, a 
pyogenic granuloma may be more likely after mucosal trauma. 
Spontaneous shrinkage of the tumor usually occurs postpartum, 
and most cases do not require treatment. Surgical excision or 
electrosurgical destruction should be reserved for cases compli
cated by excessive bleeding or severe discomfort.

Connective Tissue Changes
Striae gravidarum, also called striae distensae or “stretch 
marks,” develop in up to 90%  o f white women between the 
sixth and seventh months o f gestation.4 Risk factors include 
younger maternal age, excessive pregnancy weight gain, and 
concomitant use of corticosteroids; however, genetic susceptibil
ity plays a key role. Striae are most prominent on the abdomen, 
breasts, buttocks, groin, and axillae; whereas usually asymptom
atic, a proportion of patients complain of mild to moderate 
pruritus. The treatment of striae gravidarum is a challenge; at 
present, no optimal treatment is available. The erythema (red 
color) of early striae responds well to various pulsed-dye lasers 
or intense pulsed light. The red color tends to become pale over 
time, with or without treatment, but the atrophic lines never 
disappear completely and do not respond to laser treatment. 
Topical tretinoin 0.1% cream has been shown to improve the 
appearance of the striae, decreasing the length by 20%, and is 
occasionally used in combination with topical glycolic acid (up

FIG 51-2 A, Numerous telangiectasias and spider angiomata on the arm of a pregnant woman. B, Pyogenic granuloma of pregnancy (granuloma 
gravidarum), a benign vascular proliferation, is typically seen as a nodule on the gingivae and is shown here at a less common extramucosal 

site.

FIG 51-1 Centrofacial type of melasma involving the cheeks, nose, 
upper lip, and forehead.
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1078 Section VI Pregnancy and Coexisting Disease

to 20%) in an effort to increase elastin content of the affected 
areas.14 Nevertheless, tretinoin can be very irritating to the skin 
and does not make striae completely disappear. No topical 
therapy prevents or affects the course of striae; they become less 
apparent postpartum but may never disappear.

Skin tags (molluscum fibrosum gravidarum) present as 1- to 
5-mm fleshy, pedunculated, exophytic growths on the neck, 
axillae, inframammary region, or groin and usually appear 
during the later months of gestation. Treatment can be post
poned until completion of the pregnancy because lesions may 
regress postpartum. Cryotherapy with liquid nitrogen or shave 
removal is effective for persistent or enlarging lesions. Skin tags 
do not have malignant potential, and treatment is unnecessary 
unless inflammation or ulceration develops.

Glandular Changes
Increased eccrine function has been reported during preg
nancy and may account for the increased prevalence o f mili
aria, hyperhidrosis, and dyshidrosis.4 12 Conversely, apocrine 
activity may decrease during gestation, which contributes to 
the decreased prevalence of Fox-Fordyce disease and possibly 
hidradenitis suppurativa in pregnancy.2 Changes in sebaceous 
function are variable, and the effects of pregnancy on acne vul
garis are unpredictable. Treatment for acne vulgaris during preg
nancy is discussed below. During pregnancy, the sebaceous 
glands on the areolae enlarge (Montgomerys glands or tubercles).

Hair and Nail Changes
Most pregnant women develop mild hirsutism that affects their 
face, trunk, and extremities that commonly regresses within 6 
months postpartum. In addition, postpartum hair shedding 
(telogen effluvium) may be noted as a greater proportion 
of hairs enter the telogen phase (Fig. 51-3). The severity of 
telogen ejfluvium  varies considerably, and the hair loss becomes 
noticeable when more than 40% to 50% of the hair is affected. 
Recovery is spontaneous, and no effective treatment is available. 
Patients can be counseled that hair thinning usually resolves

FIG 51-3 Telogen effluvium  that develops w ithin 5 months postpartum 
typically presents w ith  temporal recession and hair thinning.

within 1 to 5 months but that complete resolution may occa
sionally take up to 15 months.1’'1 Frontoparietal hair recession 
and diffuse hair thinning in the later months of pregnancy have 
been noted in some women. Nail changes can be seen as early 
as the first trimester of gestation that include brittleness, ony
cholysis, subungual hyperkeratosis, and transverse grooving. No 
specific treatment is available for nail changes during pregnancy, 
and most are expected to resolve postpartum. An attempt should 
be made to eliminate external sensitizers, such as nail polish 
removers, and infections. The nails should be kept short if they 
are brittle or prone to onycholysis.6

PREEXISTING SKIN DISEASES AND TUM O RS  
AFFECTED BY PREGNANCY
Pregnancy can aggravate or, less often, improve many skin 
conditions and primary skin tumors (see Video 51-1).’  ̂ Dis
eases that may improve during pregnancy include atopic der
matitis, acne, chronic plaque psoriasis, Fox-Fordyce disease, 
hidradenitis suppurativa, linear immunoglobulin A (IgA) der
matosis, sarcoidosis, Behcet disease, urticaria, and autoimmune 
progesterone dermatitis (see Table 51-1).

Atopic Eczema and Derm atitis
Atopic dermatitis (AD), also known as atopic eczema, is a very 
common skin condition and is often exacerbated by pregnancy, 
although remission has been noted in up to 24% of cases.16 Two 
large studies that used diagnostic criteria established in pediatric 
populations indicated a high prevalence of AD in pregnancy, 
including “new AD” (AD presenting for the first time in preg
nancy); however, the true prevalence may be revised as the cri
teria for gestational AD are refined.16'20 Risk factors include a 
history of prior atopy (27%), family history of atopy (50%), and 
offspring with infantile AD (19%). Other risk factors for AD 
include black or Asian race and tobacco use.21'22 The prevalence 
of intrinsic (“nonallergic”) versus extrinsic (IgE associated) AD23 
during gestation is unknown, although a small study showed 
that intrinsic AD is more affected by pregnancy.24

Most patients present with lesions in the flexural surfaces of 
the extremities, occasionally with concomitant lesions on the 
trunk. Less common presentations are palmoplantar pompholyx 
eczema and follicular and facial eczema. In pregnancy, eczema
tous lesions can develop bacterial or viral superinfection (i.e., 
eczema herpeticum  secondary to herpes simplex virus); treatment 
with dicloxacillin or a first-generation cephalosporin should be 
used as necessary in these cases. Eczema herpeticum  and dissemi
nated herpetic infection, the latter of which may lead to fetal 
risk, should be promptly treated with intravenous (IV) acyclovir 
to minimize maternal and fetal risks.

AD is not associated with an increased risk of adverse fetal 
outcomes. The effects of breastfeeding and maternal food antigen 
avoidance during pregnancy on AD in the offspring are contro
versial. Treatment for gestational exacerbations o f AJD is pri
marily symptomatic. A moisturizer and low potency to 
midpotent topical steroid is the first-line treatment. Systemic 
antihistamines, such as chlorpheniramine or diphenhydramine, 
can also be used as necessary for relief of pruritus. A short course 
of oral steroids may be required for severe AD. Ultraviolet light 
B (UVB) is a safe second-line treatment for eczema in pregnancy. 
There is less experience with the newer topical immunomodula- 
tors (pimecrolimus, tacrolimus).25 Although their bioavailability 
is lim ited (<5%) and no pattern of anomalies has been reported
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after exposure to these drugs in utero, several infants have had 
neonatal hyperkalemia.26 Therefore these immunomodulators 
should be used as third-line treatment for refractory AD that has 
not responded to UVB. If systemic agents are needed for refrac
tory AD, cyclosporine is the safest option.

The course of gestational AD in the postpartum period has 
not been studied. Irritant hand dermatitis and nipple eczema are 
often seen postpartum.1 Irritant hand dermatitis is treated with 
emollients and hand protection. Nipple eczema can evolve into 
painful fissures and can be complicated with bacterial superin
fection, most commonly with Staphylococcus aureus. Superin
fected nipple eczema should be treated with a topical steroid 
combined with a topical or systemic antibiotic.

Acne Vulgaris
The effects of pregnancy on acne vulgaris are unpredictable. In 
one study, pregnancy affected acne in approximately 70%  of 
women, with 41%  reporting improvement and 29%  report
ing a worsening with pregnancy." Two patients had improve
ment in one pregnancy and exacerbation in another. Some 
patients may develop acne for the first time during pregnancy 
or in the postpartum period [postgestational acne). Comedonal 
acne should be treated with topical keratolytic agents, such as 
benzoyl peroxide, whereas inflammatory acne should be treated 
with azelaic acid, topical erythromycin, topical clindamycin, or 
oral erythromycin base. Although first-trimester use of topical 
tretinoin has not been associated with an increased rate of con
genital malformations in controlled studies, the number of 
reported exposures is too small to exclude a small increased risk. 
A theoretic concern remains, and the use of tretinoin during 
pregnancy is therefore not recommended (see Chapter 8).

Other Inflam m atory Skin Diseases
Recurrent flares of urticaria may worsen in pregnancy. Of inter
est, these flares show common features with hereditary angio
edema and may have been exacerbated in the past by oral 
contraceptive use or prior to menses. Chronic plaque psoriasis 
may develop for the first time during pregnancy. Women with 
existing chronic psoriasis can be counseled that between 40%  
and 63%  o f women have symptomatic improvement, com
pared with only 14%  o f women who have symptomatic dete
rioration; postpartum flares are common (80% ).28 Topical 
steroids and topical calcipotriene are relatively safe treatment 
options for localized psoriasis in pregnancy.29 For severe psoriasis 
that has not responded to topical medications, UVB or a short 
course of cyclosporine are considered second-line treatment 
options.

Autoim m une Progesterone Derm atitis
Autoimmune progesterone dermatitis is caused by hypersen
sitivity to progesterone through autoimmune or nonimmune 
mechanisms. Although this rare dermatosis can take various 
forms (urticarial, papular, vesicular, or pustular), the hallmark is 
recurrent cyclic lesions that usually appear during the luteal 
phase of the menstrual cycle. Limited information is available 
regarding the effects of pregnancy on autoimmune progesterone 
dermatitis. Case series report instances of both improvement 
and exacerbation.30 Increased cortisol levels and/or the gradual 
increase in the sex hormone levels during pregnancy with sub
sequent hormonal desensitization in some patients are both 
possible mechanisms for observed improvement. Diagnosis is 
based on either an immediate local urticarial reaction or, more

frequently, a delayed hypersensitivity reaction following intra- 
dermal challenge with synthetic progesterone. Intramuscular 
administration of progesterone should be avoided in these 
patients because it has been associated with angioedema. Circu
lating antibodies to progesterone or the corpus luteum have been 
detected by indirect immunofluorescence in several patients. The 
sensitivity of this test seems to be lower than that of the intra- 
dermal progesterone challenge, therefore these antibodies are not 
widely used to confirm this diagnosis. No specific therapy for 
the condition during pregnancy has been proposed. Autoim
mune estrogen dermatitis has also been reported in a patient 
who presented with urticaria in early pregnancy.31

Im petigo Herpetiform is
Impetigo herpetiformis is a rare variant o f generalized pus
tular psoriasis that develops primarily during pregnancy, 
often in association with hypocalcemia' or low serum levels 
of vitamin D.33 Although familial occurrence has been reported, 
more commonly a personal or family history of psoriasis is 
absent. The eruption usually develops in the third trimester but 
can also start in earlier trimesters and postpartum. Whereas the 
overwhelming majority of cases resolve postpartum, persistent 
cases have been reported and can be associated with oral contra
ceptive use.34 Various infections during pregnancy may also 
trigger a flare of pustular psoriasis in a genetically predisposed 
individual.33

Impetigo herpetiformis is characterized by numerous 
grouped, discrete, sterile pustules at the periphery of erythema
tous patches (Fig. 51-4, A). Lesions typically originate in the 
major flexures (axillae, inframammary areas, groin, and gluteal 
fold) and progress onto the trunk, usually sparing the face, 
hands, and feet. Painful mucosal erosions may also develop. 
Onycholysis, or complete nail shedding secondary to subun
gual lesions, has been reported. Constitutional symptoms are 
common and include fever, malaise, diarrhea, and vomiting with 
resultant dehydration. Rarely, patients develop complications 
secondary to hypocalcemia that include tetany, convulsions, and 
delirium. Common laboratory findings are leukocytosis and ele
vated erythrocyte sedimentation rate; rarer perturbations include 
hypocalcemia, decreased serum vitamin D levels, and signs of 
hypoparathyroidism. Historically reported maternal risks such as 
tetany, seizures, delirium, and death from cardiac or renal failure 
or septicemia are uncommon. Fetal risks such as stillbirth and 
fetal abnormalities secondary to placental insufficiency 3 have 
been reported even when the condition was well controlled. 
Whereas maternal prognosis is excellent with early diagnosis, 
aggressive treatment, and supportive care, an increased risk 
of perinatal mortality may persist despite maternal treat
ment.37 The risk is difficult to quantify because it is based on 
sparse case reports that span decades. Intensive fetal monitor
ing should be considered until the mother is stabilized. After 
acute treatment, the appropriate degree of fetal surveillance is 
not known; however, periodic assessment of fetal well-being is 
prudent after viability.

Definite diagnosis of impetigo herpetiformis is based on his- 
topathology that shows typical features of pustular psoriasis (see 
Fig. 51-4, B). Direct and indirect skin immunofluorescence is 
negative. Systemic steroids are first-line therapy for impetigo 
herpetiformis, and 20 to 40 mg/day of prednisone is usually 
effective. Cases of pustular psoriasis exacerbated by pregnancy 
have been treated with cyclosporine.37 Calcium and vitamin D 
replacement therapy should be undertaken if necessary and can
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1080 Section VI Pregnancy and Coexisting Disease

FIG 51-4 A, Impetigo herpetiformis: discrete, grouped, sterile pustules at the periphery of an erythematous crusted plaque. B, Histopathology 
of impetigo herpetiform is shows the characteristic Kogoj spongiform pustule, form ed of neutrophils in the uppermost portion of the spinous 
layer (hematoxylin-eosin stain). (Courtesy Aleksandr Itkin, MD.)

lead to remission of the eruption.25 Systemic antibiotics should 
be administered if bacterial superinfection is suspected. Post- 
inflammatory hyperpigmentation may develop, but scarring is 
usually absent. Impetigo herpetiformis has been treated postpar
tum with oral steroids, oral retinoids,38 and photochemotherapy 
(psoralen with ultraviolet light A [PUVA])39 as single agents or 
in combination. Resistant cases can be treated with a combi
nation of PUVA and clofazimine or methotrexate postpartum 
(methotrexate is contraindicated during pregnancy [category 
X], and both methotrexate and clofazimine are contraindicated 
during breastfeeding).

Cutaneous Manifestations  
of Autoim m une Disorders
Cutaneous lesions may be prominent in some individuals 
affected by autoimmune disorders, and these patients often have 
questions regarding how pregnancy will affect the appearance of 
these lesions. The cutaneous manifestations of chronic discoid 
lupus are not affected by pregnancy. Cutaneous flares of systemic 
lupus erythematosus can usually be managed with oral steroid 
treatment. Dermatomyositis/polymyositis may show exacerba
tion of the characteristic heliotrope rash in approximately half
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of affected individuals.40 The cutaneous progression of sclero
derma is not significantly altered by pregnancy, and symptoms 
of Raynaud phenomenon may improve. Pregnant women with 
lim ited skin disease do significantly better than those with 
diffuse scleroderma.41 The medical and obstetric management of 
pregnancies complicated by collagen vascular disease is discussed 
in detail in Chapter 46.

Bullous Disorders
Bullous dermatologic disorders develop secondary to autoanti
bodies that target constituents of the skin and oral mucosa. 
Pemphigus vulgaris,42 vegetans, or foliaceus may develop or 
worsen during pregnancy, whereas linear IgA disease may 
improve.43 In more than 50% of cases of pemphigus vulgaris, 
lesions may initially appear within the oral cavity. Diffuse skin 
involvement with multiple flaccid vesicles follows with conflu
ence of vesicles forming large eroded areas. Skin biopsy with 
immunofluorescence studies are needed for a definitive diagno
sis. Biopsy for routine histopathology and immunofluorescence 
is indicated in patients with new-onset lesions, most critically to 
differentiate pemphigus from herpes (pemphigoid) gestationis 
(see that section below). In cases of pemphigus, fetal and neo
natal skin lesions can occur secondary to transplacental transfer 
of IgG antibodies, but these resolve spontaneously within 2 to
3 weeks after birth. Pemphigus should be treated with oral cor
ticosteroids, and high doses may be required. A recent study of 
49 pregnancies complicated by pemphigus vulgaris showed a 
12% perinatal mortality. Forty-five percent of live neonates had 
pemphigus lesions at birth.44 Increased fetal surveillance is 
prudent in pregnancies affected by active pemphigus, although 
the effectiveness of this surveillance in preventing morbidity and 
fetal loss is not known.

Acrodermatitis enteropathica is a rare autosomal-recessive dis
order of zinc deficiency characterized by dermatitis, diarrhea, 
and alopecia. Vesiculobullous and/or eczematous skin lesions 
can develop on the extremities and at periorificial sites such as 
the mouth and perianal and genital areas. The disease usually 
flares early in gestation45 as serum zinc levels decrease, but it may 
also flare with oral contraceptive use.

Skin Tumors
Most skin neoplasms that present or enlarge during pregnancy 
are benign, and this includes pyogenic granuloma, hemangi
oma, hemangioendothelioma, glomus tumor, glomangioma, 
dermatofibroma, dermatofibrosarcoma protuberans, leiomy
oma, keloid, desmoid tumor, and neurofibroma. Melanocytic 
nevi may develop, enlarge, or darken during pregnancy, but 
these changes are less dramatic than previously thought. A 
mild degree of histopathologic atypia has been reported in a few 
studies. Pennoyer and colleagues46 compared photographs of 
moles taken during the first trimester and again in the third tri
mester. Only 3% of nevi enlarged during pregnancy, and another 
3% regressed. In contrast, dysplastic nevi in women with famil
ial dysplastic nevus syndrome do have a tendency to increase in 
size and undergo color change during pregnancy.47 Spitz nevi, 
another class of common pigmented benign neoplasms, may 
also increase in size or erupt during pregnancy.48 Studies that 
used dermoscopy showed that the pigment network of nevi 
becomes thicker and more prominent, and the globules darken 
during pregnancy; these features, however, return to their 
original state within 1 year after delivery.4 ’ Any suspicious pig
mented skin lesion should prompt a dermatologic referral. The

“ABCDE” clinical criteria for pigmented lesions—asymmetry, 
border irregularity, color variegation, diameter greater than 6 
mm, and evolution  (i.e., an enlarging or otherwise changing 
lesion)— are helpful in determining which lesions are of higher 
malignant potential.50 Seborrheic keratoses are also common 
and may enlarge or darken during gestation. None of these 
benign lesions requires treatment during pregnancy; the preg
nant patient should be reassured that these changes are benign 
and may improve postpartum.

M alignant M elanom a
Malignant melanoma (M M ; see Chapter 50) is the most 
common malignancy in pregnancy and accounts for 31% of 
all malignant tumors diagnosed in pregnancy51 with an overall 
incidence that ranges between 2.8 and 8.5 cases per 100,000 
women.52,53 Some studies have shown that melanomas that 
develop during pregnancy are thicker than those in nonpregnant 
women,54 possibly because of a delayed diagnosis due to a shared 
misconception by the patient and/or her physician that darken
ing and changing of a nevus is normal in pregnancy. However, 
after correcting for tumor thickness, no effect on prognosis 
was apparent. Despite initial concerns, several epidemiologic 
studies to evaluate the effect o f pregnancy status at diagnosis 
suggest that the 5-year survival rate is not affected after 
controlling for confounding factors.53'55 However, data are 
insufficient for stage III and IV disease.58 The major prognostic 
determinants of survival in patients with localized melanoma are 
tumor (Breslow) thickness and ulceration status,59 and level of 
invasion is only significant in women with tumors more than 1 
mm in thickness.

Inconclusive evidence supports the role of estrogen receptors 
(ERs) in melanoma. Most studies did not show an increased risk 
of melanoma recurrence with oral contraceptives or hormone 
replacement therapy (HRT) use.6061 Some studies have found 
melanoma cell lines that lack type I ERs,62,63 but others have 
demonstrated an inhibitory effect of estrogens on melanoma 
cell lines through type II ERs.61 In fact, decreased levels of 
ERP expression, which antagonizes the proliferative behaviors 
of ERa, have been seen in more invasive M M  with increased 
Breslow thickness.64 Higher levels of ERp have been demon
strated in melanoma cells of pregnant women compared with 
melanoma cells in men, thus potentially implicating ERP and 
female sex as a protective and prognostic factor in M M .’5, 
Wide local excision o f the primary melanoma should be 
performed in stages I through III, and conservative exci
sion should be undertaken in stage IV.58,67 Sentinel lymph 
node biopsy (SLNB) is indicated for a tumor stage of T ib  
or greater if  thickness is greater than 0.75 mm. SLNB is 
the most powerful prognostic factor in clinically localized 
melanoma. However, because allergic reactions to the isosulfan 
blue dye used in the procedure have been reported, Schwartz and 
colleagues67 proposed the use of radiocolloid alone for SLNB 
in the first trimester. The authors also proposed that wide local 
excision and SLNB with blue dye can be delayed until after 
delivery in women who are in the second half of pregnancy 
and have already undergone narrow excision of their M M  with 
negative margins. Regarding other staging procedures, chest 
radiography with appropriate shielding and ultrasound of the 
abdomen and liver should be performed in stage IIB/IIIA.58 In 
stages greater than IIIA, magnetic resonance imaging (MRI) of 
the head and positron emission tomography (PET)/computed 
tomography (CT) scans should be performed; MRI carries a
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1082 Section VI Pregnancy and Coexisting Disease

risk for tissue overheating and should not be used in the first 
trimester.58

Complete lymph node dissection is warranted in stages I and
II if  SLNB is positive, and therapeutic lymph node dissection 
should be undertaken in stage III.58 As far as management of 
stage IV patients, elective termination and tailored treatment 
should be considered in the first trimester, whereas tailored treat
ment and induction when the fetus is viable should be consid
ered in the second and third trimesters.58 However, termination 
of pregnancy in stage IV patients does not affect the outcome 
of M M  in the mother,68 and the risk of fetal metastasis remains 
remote.

Melanoma is the most common type o f malignancy to 
metastasize to the placenta and fetus, and it represents 31%  
of such metastases.69 However, it should be emphasized that 
placental and/or fetal metastases are extraordinarily rare (27 
cases) and that even in the setting of placental metastasis, fetal 
metastasis only occurs in 17% of cases. Histologic evaluation of 
the placenta should be performed because of potentially micro
scopic placental metastasis with known association to fetal mela
noma. The presence of placental metastases is associated with 
widespread disease and dismal maternal survival. The role of 
systemic therapy in preventing metastases to the placenta and 
fetus has not been adequately studied.

No standard guidelines are available for patients who desire 
to become pregnant after the diagnosis and treatment of mela
noma. A nonsignificant decrease in mortality in pregnancy sub
sequent to a melanoma diagnosis has been reported.53 The 
primary reason to delay pregnancy following a recent diagnosis 
of melanoma is the time-dependent risk of tumor recurrence 
and subsequent maternal mortality. One study showed that 83% 
of stage II M M  recurrences were within 2 years of initial treat
ment.55 Schwartz and colleagues6' suggested waiting 2 years in 
patients with thin melanomas and 3 to 5 years in thicker lesions 
before becoming pregnant again. Patients should be counseled 
on a case-by-case basis depending primarily on risk of recur
rence, taking into account the thickness of their original tumor 
and other prognostic factors. Women with a significant risk of 
recurrence may want to delay pregnancy until they can be 
assured of a low recurrence risk. In women with a thin tumor 
with a low risk of recurrence, no delay may be necessary.

PRURITUS IN PREGNANCY
Itching is the most common dermatologic symptom of preg
nancy. M ild pruritus attributed to pregnancy (pruritus gravi
darum) is common and occurs most frequently over the 
abdomen. Pruritus has been reported in up to 17% of pregnan
cies,70 but a more recent report suggests that significant pruritus 
that requires a more thorough evaluation occurs in only 1.6% 
of patients. 1 A broad differential diagnosis needs to be con
sidered; the constellation o f clinical and laboratory findings 
will help establish a diagnosis and guide management deci
sions. Pruritic skin diseases not specifically related to pregnancy, 
such as AD and scabies, should be considered. In cases of pru
ritus without eruption, systemic diseases are more likely. Intra
hepatic cholestasis of pregnancy (ICP) is a common etiology (see 
Chapter 47 for diagnosis and management); however, other 
conditions—such as lymphoma and liver, renal, and thyroid 
disease— should also be considered.12 In the patient with pruri
tus and skin lesions other than excoriations, referral to a derma
tologist for evaluation of a specific dermatosis of pregnancy (see

below) is appropriate, unless a clear etiologic agent for a systemic 
or topical allergic reaction can be elucidated.

SPECIFIC DERMATOSES OF PREGNANCY
The term specific dermatoses o f  pregnancy refers to a group of skin 
diseases encountered predominantly during or immediately fol
lowing pregnancy and includes only those skin diseases that 
result directly from the state o f gestation or the products of 
conception (see Video 51-2).16 Included in this definition are 
pemphigoid (herpes) gestationis (PG); polymorphic eruption of 
pregnancy (PEP), also called pruritic urticarial papules and  
plaques o f  pregnancy  (PUPPP); prurigo of pregnancy (PP); and 
pruritic folliculitis of pregnancy (PFP; Table 51-2). A recent 
reclassification17 included ICP in the specific dermatoses of preg
nancy and grouped AD, PP, and PFP under “atopic eruption of 
pregnancy” (AEP). However, some studies have not confirmed 
the association of PP and PFP with atopy, and some features of 
AEP need to be further clarified.ls

Pemphigoid (Herpes) Gestationis
Pemphigoid gestationis (PG) is a rare autoimmune skin 
disease that affects between 1 in 7000 and 1 in 50,000 preg
nancies.20 Although PG and bullous pemphigoid recognize the 
same antigen72 and share certain features, PG is confined to 
pregnant women and those affected by gestational trophoblastic 
disease (GTD). Some authors73 have suggested that exposure to 
paternal antigens may play a critical role in disease initiation, 
but “skip pregnancies” with the same partner have been reported 
and would argue against this association. O f interest, expression 
of the PG antigen in the placenta begins in the midtrimester, 
which correlates with the timing of clinical symptoms. The 
antibody that incites the pathology in PG belongs to the IgGl 
subclass and recognizes the NC16A2 (M CW -1) epitope in the 
noncollagenous domain (NC16A) of the transmembrane 180-kd 
antigen (bullous pemphigoid antigen 2). 4 PG primarily affects 
whites with only scattered case reports in blacks75; this observa
tion is consistent with the association between PG and the 
human leukocyte antigens (HLAs) DR3 (61% to 80%), DR4 
(52%), or both (43% to 50%), which are less frequent in the 
black population.

Clinically, PG usually presents in the second or third tri
mester o f pregnancy with extremely pruritic urticarial lesions 
that typically begin on the abdomen and trunk and com
monly involve the umbilicus (Fig. 51-5, A). These urticarial 
plaques rapidly progress to widespread bullous lesions (see Fig. 
51-5, B) that may affect the palms and soles but rarely the face 
and mucous membranes. Tense bullous lesions arise in both 
inflamed and clinically normal skin and usually heal without 
scarring. Up to 25% of cases can present in the postpartum 
period, although these may represent recrudescences of previ
ously undiagnosed mild PG. The most important clinical and 
laboratory features of PG are summarized in Table 51-2.

Although the differential diagnosis o f PG includes drug 
eruption, erythema multiforme, and allergic contact derma
titis, the most common diagnosis to exclude is the far more 
common PEP (see below). PEP can manifest with urticarial 
and/or vesicular lesions almost indistinguishable from those 
of PG, although PEP classically begins in the abdominal 
striae and spares the umbilicus. Definitive diagnosis should be 
based on immunofluorescence of perilesional skin that demon
strates the hallmark finding of PG: linear C3 deposition along

ak
us

he
r-li

b.r
u



Chapter 51 Skin Disease and Pregnancy 1083

TABLE 51-2 OVFRVIEW OF SPECIFIC DERMATOSES OF PREGNANCY

U.S. RATES C LIN IC AL D A T A
LESION M ORPHOLOGY 
A N D  DISTRIBUTION

IM PO RTANT
LABORATORY FINDINGS

FETAL
RISKS

Pemphigoid
gestationis
(PG)

1:50,000 Second or third trimester or 
postpartum 

Flare at delivery (75%) 
Resolution postpartum with a 

good chance of recurrence

Abdominal urticarial lesions 
progress into a generalized 
bullous eruption.

Skin immunofluorescence shows 
linear deposition of C3 along 
basement membrane.

Neonatal PG 
SGA infants 
Preterm 

delivery

Polymorphic 
eruption of 
pregnancy 
(PEP)

1:130 to 1:300
in future pregnancies 

Third trimester or postpartum 
Prim igravidae  
Resolution postpartum 
Association with multiple

Polymorphous eruption starts 
in the abdominal striae 
and shows periumbilical 
sparing.

None None

Atopic eruption 
of pregnancy
(AEP)

Prurigo of 
pregnancy 
(pp)

Pruritic
folliculitis of
pregnancy
(PFP)

>50% of pruritic 
dermatoses

1 :300 to 1:450

>30 cases

gestation 
No recurrence in future 

pregnancies 
First or second trimester 
Resolution postpartum with 

possible recurrence in 
future pregnancies 

Second or third trimester 
Resolution postpartum with 

recurrence in future 
pregnancies 

Second or third trimester 
Resolution postpartum with 

possible recurrence in 
future pregnancies______

Flexural surfaces, neck, chest, 
trunk

Grouped excoriated papules 
over the extensor 
extremities and 
occasionally the abdomen 

Follicular papules and 
pustules

Serum IgE elevations (20% to None 
70%)

None None

Biopsy: sterile folliculitis None

Modified from Kroumpouzos, G, Cohen LM. Specific dermatoses of pregnancy: an 
Ig, immunoglobulin; SGA, small for gestational age.

evidence-based systematic review. Am J  Obstet Gynecol. 2003; 18:1083.

the basement membrane zone, which is absent in PEP. Interest
ingly, a small recent study showed C4d positivity at the base
ment membrane zone on paraffin sections in PG but not in PEP; 
this may eliminate the second biopsy for immunofluorescence 
but needs confirmation. 6 Skin histopathology shows a spongi- 
otic epidermis, marked papillary dermal edema, and an eosino
philic infiltrate. Serum antibody titers with conventional indirect 
immunofluorescence do not correlate with the course of disease 
but parallel disease activity when BP-180 NC16A enzyme- 
linked immunosorbent assay (ELISA) was used.

Oral corticosteroids remain the cornerstone o f treatment 
in PG. The majority of patients will respond rapidly to treat
ment with relatively low-dose prednisone (20 to 40 mg/day). 
In resistant cases, doses as high as 180 mg/day have been tried. 
Once new blister formation has been suppressed, prednisone 
should be tapered to 5 to 10 mg/day. Typically, up to 75% of 
patients w ill experience spontaneous resolution or improvement 
in the late third trimester, and steroid treatment can often be 
discontinued. However, because PG typically flares at delivery or 
within the days following delivery, steroid doses can be increased 
in anticipation. A subset of patients will have persistent PG or 
recurrent flares that last weeks or months. Patients at risk for 
prolonged or chronic PG tend to be older with higher parity, 
with more widespread lesions and a history of PG in prior 
pregnancies.78 Oral contraceptive use has been implicated in 
postpartum flares; 20% to 50% of patients who use oral con
traceptives within 6 months of delivery have associated flares. 
This association should be considered when counseling patients 
on their contraceptive options. Breastfeeding was associated 
with a significantly shorter duration of active lesions in one 
study,79 but this has been debated. PG recurs in 95% of future 
pregnancies, and lesions may be more severe, appear earlier in 
gestation, and persist longer postpartum. Treatment for chronic, 
recalcitrant PG is generally unsatisfactory, although case reports

have described success with plasmapheresis; immunoapheresis; 
chemical oophorectomy with goserelin; ritodrine; rituximab; 
and high-dose intravenous immune globulin (IVIG) combined 
with cyclosporine or other immunosuppressant medications. 
Minocycline or doxycycline combined with nicotinamide and 
immunosuppressive and antiinflammatory agents such as cyclo
phosphamide, azathioprine, rituximab, pyridoxine, sulfapyri- 
dine, gold, methotrexate, or dapsone have been used postpartum 
in refractory cases with some success, but their use is limited to 
nonlactating patients.20

The maternal effects of PG are largely limited to symptomatic 
pruritus and a small risk of lesion superinfection. An association 
between PG and Graves disease has been reported, and PG™ is 
an indication for performing both immediate and periodic 
screening tests of thyroid function. An association with small- 
for-gestational-age (SGA) infants and preterm delivery has 
been reported, but the effect of PG on the fetus remains 
difficult to estimate from the small study cohorts due to the 
rarity of the disease. The largest cohort to date compared fetal 
outcome between the affected and unaffected pregnancies of 
74 women; 16% of pregnancies with active PG delivered prior 
to 32 weeks, compared with 2% of the unaffected pregnancies.81 
M ild placental insufficiency has been postulated as a mecha
nism, therefore sonographic evaluation of fetal interval growth 
and third-trimester fetal surveillance is appropriate. Finally, 
approximately 5% to 10%  o f neonates will manifest bullous 
skin lesions (neonatal PG) secondary to passive transpla
cental transfer o f PG antibody.' Parents should be reassured 
that these lesions will resolve spontaneously without scarring 
over a period of a few weeks as the maternal antibodies clear 
from the infant’s blood. However, parents should be counseled 
about the signs and symptoms of bacterial superinfection so 
that timely treatment can prevent progression to systemic 
infection.
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1084 Section VI Pregnancy and Coexisting Disease

B

FIG 51-5 A, Pruritic abdominal urticarial plaques develop in the early phase of pemphigoid (herpes) gestationis and typically involve the umbilicus.
B, Characteristic tense vesicles on an erythematous base on the forearm in a patient w ith  PG. (From Kroumpouzos G: Skin disease. In James 
DK, Steer PJ, W einer CP, Gonik B, Crowther CA, Robson SC: High-Risk Pregnancy: Management Options, 4th ed, Philadelphia: Elsevier Saunders’ 
2011, p. 929.)

Polymorphic Eruption of Pregnancy
Polymorphic eruption o f pregnancy (PEP), also known 
as p r u r i t i c  u r tica r ia l p a p u les  a n d  p la q u es o f  p r egn a n cy  
(PUPPP), is the most common specific dermatosis o f preg
nancy and affects between 1 in 130 and 1 in 300 pregnancies.
It occurs classically in primigravidae in the mid to late third 
trimester and has been associated with a slight predominance 
of male babies (55% ).20,83,84 Lesions typically begin in the 
abdominal striae and spare the periumbilical region in up to 
two thirds o f cases (Fig. 51-6, /I).1,85 PEP can be difficult to 
characterize because the eruption is polymorphous and can 
include urticarial and occasionally vesicular, purpuric, polycy- 
clic, or targetoid lesions reminiscent of erythema multiforme or 
herpes gestationis (see Fig. 51-6, B).84 Although lesions can 
spread over the trunk and extremities, they usually spare the 
palms and soles, and involvement of the face is very unusual.

Generalized PEP may resemble a toxic erythema or atopic der
matitis (see Fig. 51-6, C ).

Skin histopathology is often nonspecific and shows spongi- 
otic dermatitis with variable numbers of eosinophils. In con
trast to PG, immunofluorescence studies and serologic tests are 
typically negative. IgE elevation (uncontrolled) was reported 
in 28% of PEP cases in a recent study,86 but the significance 
and specificity of IgE elevations in pregnancy remain unclear.18 
The high prevalence (55%) of a personal or family history of 
atopy86 has not been confirmed by other studies. The pathogen
esis of PEP has not been established, but the immunohistologic 
profile of skin lesions8 suggests a delayed hypersensitivity reac
tion to an unknown antigen. Some authors have proposed that 
rapid abdominal wall distension in primigravidae may trigger 
an inflammatory process; this has been supported by the asso
ciation between PEP and multiple-gestation pregnancy, excess
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Chapter 51 Skin Disease and Pregnancy

FIG 51-6 A, Pruritic urticarial papules and plaques of pregnancy (PUPPP) include urticarial lesions that typically start in the abdominal striae.
B, Vesicular lesions superimposed on urticarial plaques and targetoid lesions reminiscent of erythema m ultiforme or pemphigoid (herpes) ges
tationis. C, Widespread PUPPP may resemble a toxic erythema or atopic dermatitis. (Courtesy Helen Raynham, MD.)

maternal weight gain, and fetal macrosomia.88,89 A meta-analysis 
revealed a tenfold higher prevalence o f multiple gestation in 
pregnancies affected by PEP.85 Multiple-gestation pregnancy is 
associated with higher estrogen and progesterone levels, and pro
gesterone has been shown to aggravate the inflammatory process 
at the tissue level. Interestingly, increased progesterone receptor 
levels have been detected in skin lesions of PEP.90 Finally, fetal 
DNA has been detected in PEP lesions.91 Still, the importance of 
microchimerism in the pathogenesis of PEP remains uncertain.

PEP is not associated with adverse maternal or fetal out
comes. The association with cesarean delivery in two recent 
studies needs to be clarified.92 The goal of therapy is the relief 
of maternal discomfort. M ild PEP can be treated with antipru
ritic topical medications, topical steroids, and oral antihista
mines. In cases of severe itching, a short course of oral prednisone 
may be necessary. UVB has been used anecdotally.85

Atopic Eruption of Pregnancy
AEP is a clinical entity that encompasses prurigo o f preg
nancy (PP), pruritic folliculitis o f pregnancy (PFP), and 
atopic dermatitis (AD); this includes new AD, defined as AD 
that develops for the first time in gestation.17,93,94 This reclas
sification was suggested given the clinical overlap of an atopic 
diathesis— that is, a personal or family history of atopy or ele
vated IgE levels— seen in 79% of all affected patients. Further, 
AEP patients had an earlier eczematous onset, and 75% of 
patients developed symptoms prior to the third trimester.1 Fea
tures of patchy eczema (E-type AEP, seen in 67%) and papular/ 
prurigo {P-type AEP, seen in 33%) can coexist.17,93,9" In addition, 
up to 34% of patients with AEP had a history of AEP in prior 
pregnancies.17 Atopic sites— flexural surfaces; face and neck, 
including the vee of the neck and upper chest; and the trunk 
(68%)—were the most frequently involved areas.16,1' Hand and
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1086 Section VI Pregnancy and Coexisting Disease

FIG 51-7 Pruritic folliculitis of pregnancy appears as discrete follicular erythematous or pigmented papules on the abdomen.

foot eczema and, less commonly, eczema of the nipple/areola, 
dyshidrosis, and follicular eczema have been reported. The likeli
hood for eczematous flares in nonpregnant and postpartum 
states has not been elucidated.

Differential diagnoses include obstetric cholestasis, contact 
dermatitis, drug eruptions, and infestations such as scabies. The 
earlier onset, prior to the third trimester, may help distin
guish AEP from other pregnancy dermatoses such as pem
phigoid gestationis and PEP. No histopathologic distinction 
exists between AEP and PEP. Maternal and fetal prognosis is 
unaffected in the absence of superinfection. As with all AD, the 
risk of bacterial or viral infection is increased. Management is as 
discussed in the AD section.

Prurigo of Pregnancy
Prurigo o f pregnancy (PP) affects between 1 in 300 and 1 in 
450 pregnancies. It manifests itself with grouped excoriated 
or crusted pruritic papules over the extensor surfaces o f the 
extremities and occasionally on the trunk and elsewhere (see 
Table 51-2).1 The condition lacks pathognomonic histopatho
logic features, and skin immunofluorescence is negative. Sero
logic tests may show elevated IgE levels.16 Early reports95 of a 
dismal fetal outcome in patients with PP have not been con
firmed by subsequent studies, and PP has not been associated 
with increased maternal risk. PP should be differentiated from 
pruritic dermatoses unrelated to pregnancy, other specific der
matoses of pregnancy, drug eruptions, arthropod bites, and 
infestations such as scabies. PP is treated with moderately potent 
topical steroids, if  necessary intralesional or under occlusion, 
and oral antihistamines.85 A short course of oral steroids is rarely 
required.

PP has been associated with a family history of intrahepatic 
cholestasis of pregnancy (ICP; see Chapter 47). It has been 
proposed that PP and ICP are closely related conditions, 
distinguished only by the absence o f primary lesions in ICP.16
These authors reported an association with a personal or family 
history of AD and elevation of serum IgE (uncontrolled) and 
suggested that PP may be the result of ICP in women with an 
atopic predisposition. A reclassification of PP under AEP by the

same group1 has been debated18 because some PP patients have 
no history of AD and no established atopic background, and 
several PP patients fulfill only minor criteria of atopy.17 Further
more, the association with atopy has not been confirmed by 
other groups, and the importance of mild serum IgE elevations 
in pregnancy has been controversial.18,20

Pruritic Folliculitis of Pregnancy
Pruritic folliculitis o f pregnancy (PFP) is a rare specific der
matosis o f pregnancy, the exact prevalence of which remains 
unknown (see Table 51-2). Approximately 30 cases have been 
reported. " PFP presents with pruritic follicular erythema
tous papules and pustules that affect primarily the trunk (Fig. 
51-7).% PFP resolves spontaneously at delivery or postpartum 
but may recur in subsequent pregnancies.71 The histopathology 
is that of folliculitis, and special stains for microorganisms are 
negative. Skin immunofluorescence studies and serology are 
negative. The differential diagnosis of PFP includes an infectious 
folliculitis and specific dermatoses of pregnancy. An infectious 
folliculitis can be ruled out with stains for microorganisms and 
cultures from the pustular lesions. PFP was associated with 
decreased birthweight and a male to female ratio of 2 :1  in one 
study.16 Preterm delivery was reported in one case, but no other 
maternal or fetal risks have been noted.

The pregnant patient should be reassured that PFP resolves 
postpartum and has not been associated with substantial 
risks for the fetus. PFP has been treated with low potency or 
midpotent topical steroids, benzoyl peroxide, and UVB.97 The 
etiology of PFP remains unknown. Increased serum androgen 
levels in PFP or association with ICP have been reported but 
were probably coincidental. It has been postulated that PFP may 
be a form of hormonally induced acne, based on clinical similari
ties with the acne that develops after the administration of sys
temic steroids or progestogens.98 Other authors71 have considered 
PFP to be a variant of PEP based on reports of follicular lesions 
in some PEP patients. Nevertheless, the clinical presentation and 
histopathology of PFP differs overall from those of PEP. An 
association with Pityrosporum  has been debated.99 A reclassifica
tion1 of PFP under AEP on the basis of personal and family

ak
us

he
r-li

b.r
u



Chapter 51 Skin Disease and Pregnancy

history of eczema in a patient with PFP has been debated18 
because history of atopy has not been reported in other PFP 
cases. Further studies are required to define whether PFP is a 
distinct specific dermatosis of pregnancy.

KEY POINTS

♦ W ith the physiologic skin changes of pregnancy, no 
risks are incurred for the mother or fetus. The changes 
should be expected to resolve postpartum.

♦ Preexisting melanocytic nevi may show mild changes in 
pregnancy, but no increased risk for malignant transfor
mation exists.

♦ Preexisting skin disorders are more likely to worsen than 
improve in pregnancy; atopic dermatitis (eczema) is the 
most common dermatosis in pregnancy.

♦ Prognosis of melanoma is not adversely affected by 
pregnancy.

♦ Pruritus occurs in up to 3% to 14% of pregnancies. A 
constellation of clinical and laboratory findings is crucial 
to establishing etiology.

♦ Impetigo herpetiformis (pustular psoriasis of pregnancy) 
is often associated with reduced calcium or vitamin D. 
Serious maternal and fetal risks are associated with this 
disease.

♦ PG typically flares at delivery, and treatment is with oral 
steroids. M ild fetal risks— such as small-for-gestational- 
age infants, preterm delivery, and neonatal PG— have 
been associated with this disease.

♦ PEP commonly starts in the abdominal striae and spares 
the periumbilical area. It is associated with multiple 
gestation pregnancy, but no maternal or fetal risks are 
apparent.

♦ PP and PFP carry no maternal or fetal risks.
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Maternal and perinatal infections represent common complica
tions of the peripartum interval. In many industrialized nations, 
the role of sexually transmitted pathogens is declining in its rela
tive contribution to infections in women; however, in the United 
States and developing nations, the epidemic persists. M any of 
these pathogens are either proved or presumed to play an inte
gral role in infectious morbidities of pregnancy and the neonatal 
period, and thus understanding the social, economic, and patho
physiologic burden is essential. Indeed, as our ability to readily

screen the population as a whole has improved for the most 
prevalent or serious of these infectious agents— Chlamydia 
trachomatis, Neisseria gonorrhoeae, and Treponema pallidum— 
epidemiologic statistics have provided evidence for their implied 
role in preterm labor, preterm premature rupture of the mem
branes, intrauterine growth restriction, neonatal conjunctivitis, 
neonatal pneumonia, and congenital syphilis. Thus a greater 
understanding of the role of these prevalent pathogens in medi
ating disease pathogenesis has mandated that the obstetrician be 
well versed in the identification and management of these organ
isms. In this chapter, we review current trends in epidemiology, 
diagnosis, treatment, and prevention of common sexually trans
mitted infections.

CHLAMYDIA  
Epidemiology
The two most valuable sources o f incidence and prevalence 
data on sexually transmitted pathogens are provided by the 
Centers for Disease Control and Prevention (CDC) and the 
World Health Organization (WHO). The CD C reports sexu
ally transmitted disease (STD) estimates for the United States 
using reported cases and estimates after accounting for under
reporting. The Institute of Medicine (IOM) provides W HO 
estimates on worldwide incidences and prevalence of the four 
curable sexually transmitted infections: Chlamydia, gonorrhea, 
syphilis, and Trichomonas. Overall, the WHO 2008 global esti
mate places the incidence at 105.7 million new cases o f chla
mydia infection, 106.1 million new cases o f gonorrhea, and 
10.6 million new cases o f syphilis among people aged 15 to 
49 years. In addition, epidemiologic studies have revealed a 
number of basic principles regarding STDs: (1) sexually active 
adolescents have the highest rates of STDs of any age group1;
(2) sex differences are observed in the transmission of the most 
prevalent STDs, with more efficient transmission from men to 
women; (3) curable STDs (i.e., not human immunodeficiency 
virus [HIV], human papillomavirus [HPV], or chronic recurrent 
herpes simplex virus [HSV]) are associated with more serious 
long-term consequences in women than in men; (4) having one 
or more STDs predisposes an individual to acquisition and
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1090 Section VI Pregnancy and Coexisting Disease

transmission of other STDs; (5) STDs in developing nations are 
often constantly prevalent at a high rate and affect all age groups; 
and (6) marked racial disparity is apparent.

Genital tract chlamydial infections are generally ascribed 
to C. tra chom atis  and account for the most prevalent reported 
infectious disease in the United States. In 2013, more than
1.4 million cases were reported to the CD C.2 However, the 
actual presumed number of new cases in the United States, 
accounting for estimates of underreporting, is estimated at 3 
million annually.1 These infections present unique problems 
for public health control programs because 50% to 70%  of 
these infections are clinically silent in women. Unrecognized 
and untreated, the bacteria may remain infectious in the host 
for months and is readily transmitted to sex partners. Further
more, most reported infections occur in the 15- to 24-year- 
old age group, individuals who often do not participate in 
preventive health care programs. Estimates on worldwide expo
sure approximate that 90 million new cases of C. trachomatis 
infection occur on an annual basis, which accounts for a rising 
majority of perinatal and neonatal complications. ''6 O f note, a 
primary goal of the Healthy People 2010 U.S. health promotion 
initiative is the elimination of racial disparities among multiple 
sexually transmitted pathogens. An assessment of the racial dis
parities of nationally notifiable disease for the year 2002 revealed 
a nearly tenfold increased rate for Chlamydia in blacks compared 
with whites (805.9 vs. 90.2 per 100,000). In 2013, the rate of 
Chlamydia remained 6.4 times higher among blacks compared 
with whites, although the rate in whites doubled in that same 
span of time (1147.2 vs. 180.3 per 100,000).2

The cost of treatment, prevention, and management of com
plications of chlamydial infections is estimated at $2.4 billion 
annually.4'6 Taken together, these factors have resulted in the 
endorsement o f a nationwide broad-based screening program 
by both the CDC and IOM.

Pathogenesis
Chlamydia is a sexually transmitted pathogen generally associ
ated with endocervical infection.8 9 Species of Chlamydia were 
initially serotyped according to their biologic and biochemical 
properties, and a greater than 95% homology in their 16s ribo- 
somal ribonucleic acid (RNA) sequences was observed. Sub
sequent molecular analyses led to the reclassification of some 
C. psittaci strains as C. pneumoniae, a human pathogen, and
C. pecorum, a pathogen of ruminants. Nevertheless, of the four 
species mentioned here, only C. tra chom atis  and C. p n eu 
m on ia e  claim primates as their endogenous hosts. Each of the 
species bears multiple strains based on serotype, which in turn 
are associated with distinct clinical entities. These are summa
rized in Table 52-1.

Chlamydiae are obligate intracellular bacteria that grow in 
eukaryotic epithelial cells, and they have a unique growth 
cycle, distinct from all other pathogens. During the 1970s, 
the infectivity and growth cycle of chlamydiae was initially 
characterized.10' 14 Known to specifically infect the cuboidal or 
nonciliated columnar epithelial cells common to the endocervix, 
urethra, and conjunctiva, this growth cycle involves infection of 
a susceptible host cell through a receptor-specific phagocytic 
process. This phagocytic process involves chlamydiae elementary 
bodies (EBs) that bind to the host cell through a heparin sulfate- 
like molecule to glycosaminoglycan receptors, and these subse
quently are phagocytosed into cytoplasmic vacuoles termed 
phagosomes,IS In this fashion, chlamydiae may be considered to

TABLE 52-1 SPECTRUM OF HUMAN AND
MAMMALIAN DISEASES CAUSED 
BY CHLAMYDIAE SEROTYPES

SPECIES C LIN IC AL
SEROTYPE AC U TE DISEASES SEQUELAE

Chlamydia Conjunctivitis, acute Trachoma, proctitis,
trachomatis urethral syndrome, epididym itis, Reiter

A, B, Ba, C cervicitis, syndrome, pelvic
D-K endometritis, inflam matory disease,

salpingitis, inclusion ectopic pregnancy,
conjunctivitis, tubal infertility,
neonatal pneumonia Fitz-H ugh-Curtis

syndrome
L I, L2, L3 Lymphogranuloma

venereum
Reactive airway disease

Chlamydia Pharyngitis, sinusitis, Infection is often
pn eum on ia e bronchitis, asymptomatic or

community- m ild w ith on ly rare
acquired pneumonia life-threatening

infection
Chlamydia p sitta ci Atypical pneumonia, Spontaneous abortion
Parrots, cats, ewes conjunctivitis

have a unique biphasic life cycle with dimorphic forms that are 
functionally and morphologically distinct. Once endocytosed 
the EB differentiates into a larger pleomorphic form called the 
reticulate body (RB), which replicates by binary fission. The 
chlamydiae remain in the phagosome throughout their growtl 
cycle, presumptively as an acquired means of escaping hosi 
lysosomes.12'13 The endosome is transported to the distal regior 
of the Golgi apparatus and incorporates host-derived sphingo- 
lipids into the inclusion membrane. Thus it appears that chla
mydiae are able to intercept host vesicular traffic bound for tht 
plasma membrane to sequester lipids and possibly other hosi 
substances synthesized in the Golgi. Subversion of host vesiculai 
traffic may represent a dual advantage for chlamydiae in obtain
ing materials from the host for its metabolism as well as ir 
modifying the inclusion membrane to evade lysosomal fusior 
and immune detection.

Because chlamydiae depend on their host cell for the gen 
eration o f adenosine triphosphate (ATP), they require viablt 
cells for survival.16 Chlamydiae are incapable of de novo nucle 
otide biosynthesis and thus are dependent on host nucleotidt 
pools. In this manner, this unique pathogen may be considerec 
to be viruslike. On the other hand, chlamydiae resemble a bacte
rial pathogen in that they contain both DNA and RNA; have ; 
modified rigid cell wall with a lipopolysaccharide (LPS) simila, 
to that in the outer membrane of gram-negative bacteria, albei 
lacking the intervening peptidoglycan layer; and multiply b) 
binary fission.12'16

Some interesting insights into the interaction of chlamydia< 
and the host immune system have emerged in the past decade 
These new observations include the extensive but unexpectec 
polymorphism of the major outer membrane protein (MOMP) 
the evidence for genetic susceptibility to disease, and the associa 
tion of antibody response to the 60-kDa heat shock proteir 
CHSP60 with the development of adverse sequelae following 
ocular and genital infections. By way of summary, MOMP i: 
a major target for protective host immune responses, sucl 
as neutralizing antibodies and possibly protective T-cel 
responses.1718 The basis for M O M P antigenic variation is alleli< 
polymorphism at the omp-1 locus, and immune selectior 
appears to be occurring in host populations frequently exposec
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to C. trachomatis.19 Combined with the observations that clear 
genetic susceptibility to disease is apparent, because only a subset 
of infected individuals appear to have long-term complications 
after acute or repeated chlamydial infections, it is now believed 
that chronic immune activation plays a role in propagating 
clinical disease.20 Thus susceptibility to chlamydial pelvic 
inflammatory disease (PID) in a study of sex workers in Nairobi, 
Kenya'Tias been associated with a human leukocyte antigen 
(HLA) class I allele, HLA-A31.21"23 Similarly, allelic variation in 
the class II allele (DQ) have been shown to be positively associ
ated with C. trachomatis tubal infertility.23'2*

In addition to host genotype playing a role in determining 
the severity of Chiamyd,/V?-med iated disease, aberrations in 
humoral immunity also appear to modulate clinical disease. 
Antibody response to a 57-kDa chlamydial protein was initially 
observed more frequently in women with tubal infertility than 
in controls.9'20 This protein was subsequently identified as a heat 
shock protein (HSP) of the GroEL family of stress proteins. The 
association between antibody response to CHSP60 and PID, 
ectopic pregnancy, tubal infertility, and trachoma has been sub
sequently observed in a number of population-based serotype 
studies.9'10 Suffice it to say that although it remains unclear 
whether antibody to CHSP60 is causally involved in chlamydial 
immunopathogenesis or is merely a marker of persistent chla
mydial infection, in cells that remain infected with C. trachoma
tis, the constitutive expression of CHSP60 may provide 
continued antigenic stimulation for the CHSP60 antibody 
response observed in persons with long-term sequelae. More
over, observed immunopathology may also result from aberra
tions in self-tolerance mediated by shared and similar epitopes 
between CHSP60 and endogenous HSP60, which in turn 
results in a classic immune cascade that leads to tissue damage.

D ia g n o s is
Because curative antibiotic therapies for chlamydial infec
tions are available and inexpensive, early diagnosis is an 
essential component o f management and prevention. Histori
cally, isolation of Chlamydia in cell culture was the traditional 
method for laboratory diagnosis, and it has remained the gold 
standard because of its specificity. However, culture requires 
expensive equipment, technical expertise, and stringent trans
port conditions to preserve specimen viability. Thus chlamydial 
culture has been replaced by nucleic acid amplification tests 
(NAATs), which are currently recommended for screening for 
urogenital C. trachomatis in men and women, regardless of 
symptoms.25 The common characteristic among NAATs is that 
they are designed to amplify nucleic acid sequences that are 
specific for the organism being detected and thus do not require 
viable organisms. The increased sensitivity of NAATs is attribut
able to their ability to produce a positive signal from as little as 
a single copy of the target DNA or RNA. NAATs can be utilized 
to test for C. trachomatis in endocervical swabs from women, 
urethral swabs from men, first-catch urine from both men 
and women, and vaginal swabs from w om en.1 The ability of 
NAATs to detect C. trachomatis without a pelvic examination 
is a key advantage o f NAATs, and this ability facilitates 
screening men and women in nontraditional screening 
venues. Although false-positive and false-negative results can 
occur, the performance of NAATs for testing for C. trachomatis 
is superior to both culture and other nonculture tests. The sen
sitivity of NAATs is generally greater than 90%, and specificity 
is greater than 99% .25 Given the performance of the NAATs,

TABLE 52-2 SCREENING FOR CHLAMYDIA 
TRACHOMATIS INFECTIONS 

____________ IN PREGNANCY__________________________
When to screen • All pregnant women <25 years and older

women at increased risk.
• Retest in the third trimester for women <25 

years or at increased risk.
• Women treated during pregnancy should be 

retested 3-4 weeks after treatment and be 
retested w ithin 3 months.

How to screen • Nucleic acid amplification tests (NAATs) of
urine, endocervix, or vagina are preferred.* 

Diagnostic criteria______ * Positive NAATs are diagnostic.________________

Modified from Workowski KA, Bolan GA; Centers for Disease Control and Prevention. 
Sexually transmitted diseases treatment guidelines, 2015. MMWR M orb M orta l Wkly Rep.
2015 ;64 (RR-03): 1 -137.
*Cell culture, direct immunfluorescence, enzyme immunosorbent assay, and nucleic acid 
hybridization of endocervical specimens are also available.

supplemental testing of NAAT-positive specimens is no longer 
recommended by the CDC. An additional consideration when 
using NAATs for detection of C. trachomatis is that they are not 
approved by the Food and Drug Administration (FDA) for test 
of cure because nucleic acid may remain from noninfective 
bacteria following treatment for up to 3 weeks after infection 
with C. trachomatis.

Other antigen-detection methods—such as enzyme immu
noassay (EIA), direct fluorescence assay (DFA), nucleic acid 
hybridization/probe tests, and nucleic acid genetic transfor
mation tests— are also available but are generally not recom
mended for routine testing for genital tract specimens. 
Additionally, serology screening has limited or no value in 
testing for uncomplicated genital C. trachomatis infection and 
should not be used for screening because previous chlamydial 
infection frequently elicits long-lasting antibodies that cannot 
be easily distinguished from the antibodies produced in a current 
infection. Table 52-2 summarizes the screening recommenda
tions for C. trachomatis in pregnancy.

Treatm ent
The recommended treatment regimen for uncomplicated genital 
Chlamydia infection has remained largely unchanged since 
1998, with the exception of amoxicillin now being considered 
an alternative regimen due to treatment failures in response to 
penicillin-class antibiotics in vitro and in animal studies. In 
pregnancy, the CDC recommends azithromycin in a single 
1-g oral dose (Box 52-1). Amoxicillin 500 mg orally three times 
daily for 7 days and various erythromycin formulations are also 
available with dosing that can be utilized as an alternative 
regimen (see Box 52-1). Doxycycline, ofloxacin, and levofloxa- 
cin are part o f the treatment options in a nonpregnant 
patient; however, they are contraindicated in pregnancy and 
should not be used in this population. To minimize transmis
sion and reinfection, patients should be instructed to abstain 
from sexual intercourse for 7 days after single-dose therapy or 
until completion of a 7-day regimen and should also be instructed 
to abstain from sexual intercourse until all of their sex partners 
have been treated for the same duration. A repeat chlamydial 
test should be performed 3 to 4 weeks after treatment is 
completed. Longitudinal studies of Chlamydia-infected adoles
cent female patients have demonstrated a high risk for Chla
mydia reinfection and for other STD infections within a few 
months of initial diagnosis. Because of the high incidence of
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BOX 52-1 RECOMMENDED TREATMENT REGIMENS* 
FOR CHLAMYDIA TRACHOMATIS INFECTIONS 
IN PREGNANCY1

Recommended Regiment
A zith rom ycin , 1 g o ra lly  in a s ingle dose

Alternative Regimens
A m o x ic illin  500 mg o ra lly  three tim es a day fo r 7 days or
Erythrom ycin  base, 500 mg ora lly  fo u r tim es a day fo r  7 

days or
E rythrom ycin base, 250 mg ora lly  fo u r tim es a day fo r  14 

days or
E rythrom ycin  ethylsuccinate, 800 mg o ra lly  fo u r tim es a 

day fo r 7 days or
Erythrom ycin  ethylsuccinate, 400 mg o ra lly  fo u r tim es a 

day fo r 14 days

Modified from  Workowski KA, Bolan GA; Centers fo r Disease Control and 
Prevention. Sexually transm itted diseases treatm ent guidelines, 2015. 
M M W R  M o rb  M o rta l W kly  Rep. 2015;64(RR-03):1-137.
♦The Centers fo r Disease Control and Prevention recommends treating 
individuals w ith  a positive Chlam ydia-sens'\t\ve  nucleic acid am plification 
test (NAAT). A lthough tetracycline and doxycycline have the greatest 
activity against C. trachom atis , these drugs should not be used in preg
nancy because of the ir effects on bone and on dental enamel of the 
developing fetus (see Chapter 8). Owing to gastrointestinal side effects 
w ith erythrom ycin, azithromycin is the drug of choice in pregnancy. 
’ Sex partners w ith in the preceding 60 days of diagnosis or the most 
recent sex partner, if that has been longer than 60 days, should be evalu
ated and treated also.

Chlamydia infection that can occur in the months following a 
treated infection, CD C guidelines recommend that health care 
providers repeat testing 3 months after infection."6 Additionally, 
women under the age o f 25 and patients at high risk for 
Chlamydia infection should be retested in the third trimester 
of pregnancy. In addition to treating the pregnant woman, any 
sex partners within the preceding 60 days of diagnosis— or the 
most recent sex partner, if  that has been longer than 60 days— 
should be evaluated and treated to help reduce the rate of rein
fection as well as infection of others.26

GONORRHEA  
Epidemiology
The reported incidence of Neisseria gonorrhoeae infection was
333,004 cases in the United States in 2013 (106.1 cases per
100.000).2 However, the actual number of reported cases may 
be underrepresented by as much as 40%, yielding a U.S. esti
mate of 700,000 cases annually.27 In contrast to Chlamydia, the 
worldwide prevalence of gonorrhea may be significantly less than 
that observed in the United States, as supported by epidemio
logic data from Canada and Western Europe."8

Historically, a review of trends in the incidence of reported 
gonorrhea in the United States from 1941 to 1997 reveals peak 
increases among both men and women in the interval around 
World War II and again in 1975, peaking at 473 cases per 
100,000.27 The steady decline since 1975 has been accompanied 
by three interesting observations. First, the male-to-female ratio 
of reported cases not only declined from a high of 3 :1 , it 
changed to a female prevalence in 2013, by a ratio of 1 :2."'8 
Second, racial disparity is noted, with a 12.4-fold higher rate 
among blacks compared with whites (426.6 vs. 34.5 per
100.000).2 Third, the single greatest determinant o f

gonorrhea incidence since 1975 has so far been age: annual 
reported cases are highest in adolescents aged 15 to 19 years 
(459.2 per 100,000) and in young adults aged 20 to 24  years
(541.6 per 100,000).2

Pathogenesis
In contrast to chlamydiae species, the pathogenesis of TV. gonor
rhoeae and human disease is more straightforward and reflects 
classic bacterial pathogenesis. TV. g on o r rh o ea e  is a gram- 
negative diplococcus for which humans are the only natural 
host. Like the other endocervical infectious pathogens, gonor
rhea also bears a predilection for the columnar epithelium, 
which lines the mucous membranes of the anogenital tract.27,29 
Gonococcal pathogens adhere to these mucosal cells through 
attachment of pili and other surface proteins, which results in 
the release of lipopolysaccharide and likely instigates mucosal 
damage. Following adherence, N. gonorrhoeae is pinocytosed and 
is thereby transported into epithelial cells. Unlike chlamydiae, 
the gonococcus does not replicate in the phagosome, and hence 
it evades lysosomal degradation. Rather gonococci persist in 
the host by virtue o f their ability to alter the host environ
ment. In sum, multiple structures of TV. gonorrhoeae enable 
pathogenesis by a variety of immune-evasive mechanisms that 
include immunoglobulin A (IgA) protease, iron repression, and 
cell-adherence mechanisms.27,29

Diagnosis
The gold standard for diagnosis o f gonorrhea infection was 
previously isolation o f the organism by culture. Traditionally, 
specimens are streaked on a selective (Thayer-Martin or Martin- 
Lewis) or nonselective (chocolate agar) medium. Inoculated 
media are incubated at 35° to 36.5° C in an atmosphere supple
mented with 5% CO2 and are evaluated at 24 and 48 hours. 
Subsequent diagnosis is made by identification of the organism 
with growth on the medium, with a Gram stain and oxidase test 
on colonies identifying Gram-negative, oxidase-positive diplo- 
cocci morphology. A confirmed laboratory diagnosis of TV. gon 
orrhoeae cannot be made on the basis of these tests alone. 
However, antimicrobial therapy should be initiated following 
an initial presumptive test result, but additional tests must 
be performed to confirm the identity o f an isolate as TV. g o n 
o rrhoea e. Whereas culture isolation is also suitable for non- 
genital tract specimens, using selective media is necessary if the 
anatomic source of the specimen normally contains other bacte
rial species.

The advantages of gonorrheal culture are high sensitivity and 
specificity, low cost, suitability for use with different types of 
specimens, and the ability to retain the isolate for additional 
testing. The major disadvantage of culture for N. gonorrhoeae is 
that specimens must be transported under conditions adequate 
to maintain the viability of organisms. Another disadvantage is 
that a m inimum of 24 to 48 hours is required from specimen 
collection to the report of a presumptive culture result."1 Due 
to the technical difficulties with culture, other nonculture tests 
were developed. However, the importance of maintaining the 
option of culture remains important for TV. gonorrhoeae. Indica
tions for culture for TV. g on o r rh o ea e  include testing in sus
pected cases o f treatment failure, monitoring antibiotic 
resistance, and testing in cases o f suspected extragenital 
infection and exposure due to sexual abuse.

As with C. trachomatis, the current recommended test for 
routine screening for TV. g on o r rh o ea e  is NAATs regardless of
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TABLE 52-3 SCREENING FOR NEISSERIA  
G ONORRHOEAE  INFECTIONS 
IN PREG NANCY

When to screen • Women <25 years and older women at
increased risk.

• Women treated during pregnancy should be
retested 3 months after infection.

How to screen • Nucleic acid amplification tests (NAATs) of
urine, endocervix, or vagina are preferred.*

Diagnostic criteria • A positive NAAT is diagnostic.

Modified from Workowski KA, Bolan GA; Centers for Disease Control and Prevention. 
Sexually transmitted diseases treatment guidelines, 2015. MMWR M orb M orta l Wkly Rep. 
2015;64(RR-03): 1-137.
*Cell culture and nucleic acid hybridization of endocervical specimens are also available.

symptoms.21 NAATs can be utilized to test for N. gonorrhoeae 
in endocervical swabs from women, urethral swabs from 
men, first-catch urine from both men and women, and 
vaginal swabs from women."1 The ability o f NAATs to detect 
N. gonorrhoeae without a pelvic examination is a key advan
tage o f NAATs, and this ability facilitates screening men and 
women in nontraditional screening venues. Whereas false- 
positive and false-negative results can occur, the performance of 
NAATs for testing for N. gonorrhoeae is superior to both culture 
and other nonculture tests. The sensitivity of NAATs is generally 
greater than 90%, and specificity is greater than 99% .25 Given 
the performance o f NAATs, supplemental testing o f NAAT- 
positive specimens is no longer recommended by the CDC. 
An additional consideration when using NAATs for detection of 
N. gonorrhoeae is that they are not FDA approved for test of cure 
because nucleic acid may remain from noninfective bacteria 
following treatment for up to 2 weeks.

Additional tests have been studiied for N. gonorrhoeae testing. 
Nucleic acid hybridization assays are available to detect N. gonor
rhoeae, although they are not recommended for routine use and 
are no longer routinely available. A large number of EIA tests for 
detecting N. gonorrhoeae infection have been studied, but their 
performance and cost characteristics for N. gonorrhoeae infection 
have not made them competitive with other available tests."1 
Similar to EIAs, DFA is also not appropriate as a diagnostic test 
for the direct detection of N. gonorrhoeae in clinical specimens.25 
A serologic screening or diagnostic assay is not available for N. 
gonorrhoeae. Table 52-3 reviews the recommended screening for 
N. gonorrhoeae in infections in pregnancy.

Treatm ent
Although uncomplicated genital gonorrhea infections can be 
treated with single-dose therapy, fewer oral treatment options 
are available compared with the efficacious therapies avail
able for chlamydial infections (Box 52-2). Moreover, recent 
emergence of quinolone-resistant N. gonorrhoeae in California, 
Hawaii, Asia, and the Pacific Islands has led to the generalized 
recommendation that these agents should not be used to treat 
gonorrhea infections acquired in these areas or in areas with 
an increased prevalence of quinolone resistance.25 The CDC 
recommendations became somewhat complicated in July 2002, 
when Wyeth Pharmaceuticals discontinued cefixime. However, 
in April of 2008, Lupin Pharmaceuticals began manufactur
ing and providing cefixime tablets. Currently, cefixime is only 
recommended for the treatment of uncomplicated genital N. 
gonorrhoeae infections if  ceftriaxone is not available. In addition, 
because o f the risk for coinfectivity with N. gonorrhoeae and

BOX 52-2 RECOMMENDED TREATMENT REGIMEN* FOR 
UNCOMPLICATED GENITAL NEISSERIA GONORRHOEAE 
INFECTIONS IN PREGNANCY'

Standard Regimen
Ceftriaxone, 250 mg in tram uscu larly  in a s ingle dose 
Plus azith rom ycin , 1g ora lly  in a s ingle dose

Modified from  W orkowski KA, Bolan GA; Centers fo r Disease Control and 
Prevention. Sexually transm itted diseases treatm ent guidelines, 2015. 
M M W R  M o rb  M o rta l W kly Rep. 2015;64(RR-03); 1-137.
*The Centers fo r Disease Control and Prevention recommends treating 
individuals w ith a positive gonorrhea test result fo r both gonorrhea and 
C hlam ydia. Consult w ith  an infectious disease specialist if the patient has 
cephalosporin allergy and spectinomycin is not available. 
fSex partners w ith in  the preceding 60 days o f diagnosis, or most recent 
sex partner if that has been longer than 60 days, should be evaluated 
and treated fo r N eisseria  Gonorrhoeae.

C. trachomatis, the CDC recommends empirically treating 
patients with positive gonorrhea test results for both gonor
rhea and Chlamydia.25

In 2007, the Gonococcal Isolate Surveillance Project 
(GISP) found 27%  o f N. gonorrhoeae infections were resis
tant to penicillin, tetracycline, ciprofloxacin, or a combina
tion o f these antibiotics. In 2009, the CDC Working Group 
for Cephalosporin-Resistant Gonorrhea Outbreak Response 
Plan was convened to address the growing resistance to these 
antibiotics by N. gonorrhoeae.30 In their Morbidity and Mor
tality Weekly Report from May o f 20 11, the CDC reviewed 
five cases o f urethral gonorrhea with high mean inhibitory 
capacities (9.1%) o f azithromycin, which represented 10%  
o f those treated for N. gonorrhoeae in San Diego County 
from August to October o f 2009.31 In this monograph, the 
CDC reinforced the 2010  STD Treatment Guidelines that 
recommend dual therapy with 250 mg ceftriaxone and 1 g 
of azithromycin orally for uncomplicated urogenital, rectal, 
and pharyngeal gonorrhea. The CDC does not recommend 
azithromycin as monotherapy in the treatment o f gonorrhea 
due to the concern over development o f resistance and 
reported treatment failures. Spectinomycin can be used to 
treat uncomplicated urogenital infections with good success; 
however, it is expensive and not produced in the United 
States. As with chlamydial infections, any sex partners within 
the preceding 60 days of diagnosis— or the most recent sex 
partner, if  the interval has been longer than 60 days— should be 
evaluated and treated for gonorrhea to help reduce the rate of 
reinfection as well as the infection of others. These guidelines 
are also consistent with the 2015 CDC recommendations (see 
Box 52-2).

SYPHILIS 
Epidemiology
Historically, syphilis has long been recognized as a chronic 
systemic infectious process secondary to infection with the 
spirochete Treponema pallidum. Throughout the centuries, 
epidemics of syphilis have been periodically reported. In the 
United States, the observed incidence of primary and secondary 
syphilis initially mirrored that of gonorrhea (reflecting the prin
ciple that epidemiologic synergy among the STDs occurs), with 
a rising peak during and shortly after World War II to 76 per
100,000 population to its reported nadir of 4 per 100,000 from 
1955 through 1957.32 Since the mid-1950s, recurrent epidemics
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have occurred, the most recent in 1985 to 1990, with a peak 
incidence of 23.5 cases per 100,000.33 Beginning in 2001, syphi
lis increased each year to 13,997 cases in 2009 .1 In 2010 there 
was a decline in the rate of syphilis, with a subsequent increase 
of 22% between 2011 and 2013.2 The increased rate of syphilis 
during this period was seen for men only; the rates for women 
remained the same.2

O f concern are observations from both the W HO  and CDC 
that the prevalence of syphilis in both the United States and 
developing nations has fluctuated over the past two decades. 
Noted again are elements of racial disparity, with a dispropor
tionate number of cases in blacks compared with whites (16.8 
vs. 3.0 per 100,000), and sex and age disparity, with a predilec
tion for women aged 20 to 24 years.2 2'

Pathogenesis
Syphilis is a chronic disease caused by the spirochete Trepo
n em a pa llidum . T. pallidum  belongs to the order Spirochaetales, 
characterized by slender, nonflagellated, flexuous, tightly spi- 
raled protozoa-like organisms. It is an anaerobic and obligate 
human parasite. M otility is attained by the flexuous bending of 
its long slender body. This motility is responsible for the 
attainment o f access through disrupted integument, mostly 
mucous membranous, primarily during sexual contact. 
T. pallidum  invades the host and evades the host defense mecha
nisms while being completely dependent on the host for sur
vival. It lacks the fundamental biosynthetic machinery to create 
complex molecules and fatty acids.34,35 The ability to evade the 
host defense mechanisms stems from its basic construct of an 
inner membrane with few integral membrane proteins that pro
trude through the surface to gain exposure through the outer 
membrane.31, Berman37 concluded that this construct “may 
provide some understanding of how the organism elicits such a 
vigorous inflammatory and immunological response but 
manages to evade immunological clearance, although a paucity 
of surface proteins means that its surface presents few targets for 
a host immune response.”

Following mucosal invasion, an incubation period of 
about 1 week to 3 months ensues until the chancre appears 
to herald the primary infection. The chancre arises at the 
point o f entry by the spirochetes and is a broad-based, typi
cally nontender ulcerated lesion that gives a characteristic 
“woody” or “rubbery” feel on palpation. It is seldom sec
ondarily infected, and it resolves without medical treatment 
in 3 to 6 weeks. The organism then hematogenously spreads 
through the body during the period in which the immune 
system has responded, usually about 4  to 10 weeks.” Sec
ondary syphilis is characterized by a generalized maculo- 
papular eruption, constitutional symptoms, major organ 
involvement, and lymphadenopathy. Like the other major 
organ systems, the central nervous system (CNS) is invaded 
in about 40%  o f individuals during this hematogenous 
phase.38,39 Secondary syphilis resolves over 2 to 6 weeks as 
the patient enters the latent phase o f the disease. The latent 
phase is divided into ea r ly  la ten t  (<1 year) and la te  la ten t  (>1 
year) disease, during which no symptoms or signs o f clinical 
disease are noted. If left untreated, progression to tertiary 
disease with cardiovascular system, CNS, and musculoskel
etal system involvement occurs. The organism has an affinity 
for the arterioles, and the inflammatory response that follows 
results in obliterative endarteritis and subsequent end-organ 
destruction.40 In immunocompromised individuals (e.g., those

on immune-suppressive medications, those with HIV infection), 
the progression to tertiary disease, especially of the CNS, is 
known to occur early after the onset of disease.

Diagnosis
The ability to diagnose infection with T. p a llid u m  has been 
problematic for two primary reasons. The first is the failure 
o f the organism, as o f yet, to be cultured on an artificial 
medium. The second lies in the long-recognized tendency 
of the clinical manifestations to mimic a variety o f other 
diseases. Reports continue to surface touting the difficulty with 
which syphilis is recognized at any stage.41 Primary syphilis 
often goes unrecognized by the infected individual. Although 
the primary genital lesion of syphilis, the chancre, is commonly 
recognized by affected males, women more often than not fail 
to identify this lesion because it typically occurs without associ
ated constitutional symptoms. If primary syphilis is suspected, 
examination o f the serous exudates from the chancre under 
darkfield microscopy can definitively diagnose the condi
tion by identification o f the flexuous-bodied (spiral) organ
ism. Unfortunately, darkfield microscopy lacks sensitivity, owing 
in part to specimen collection technique. The lesion must be 
abraded with a gauze sponge or cotton-tipped applicator until 
bleeding ensues; the clinician must then squeeze the lesion to 
express clear serum, which is pressed onto a microscope slide. 
DFAs have the advantage that they can be performed on slides 
that are air dried as well as on stored paraffin-embedded tissue.4” 
Polymerase chain reaction (PCR) has increased the sensitivity for 
detection in samples obtained from genital lesions, cerebrospi
nal fluid (CSF), amniotic fluid, serum, and paraffin-embedded

43tissue.
Because most individuals infected with T. p a llid u m  are 

in the asymptomatic latent phase o f the disease, serologic 
testing is the primary means o f diagnosis. Two types of sero
logic tests are currently available, nontreponemal tests and trepo
nemal tests. The nontreponemal tests include the rapid plasma 
reagin (RPR) and the Venereal Disease Research Laboratories 
(VDRL) tests. False-positive reactions occur with nontrepone
mal tests secondary to viral infections or autoimmune disease.21’ 
If a nontreponemal test is positive, a treponemal test is subse
quently performed to confirm the diagnosis of syphilis. The 
treponemal tests include the fluorescent treponemal antibody 
absorbed (FTA-ABS) tests, the T. pallidum  passive particle 
agglutination assay (TP-PA), as well as other EIAs and chemilu- 
minescence immunoassays.26 Once appropriately treated, most 
individuals— pregnant or not— lose reactivity to these nontrepo
nemal serologic tests. For most individuals, the treponemal 
tests remain positive lifelong.11 Table 52-4 reviews the recom
mended screening for syphilis infections in pregnancy.

Although in most HIV-infected individuals serologic testing 
is accurate and reliable, occasionally a clinician will encounter 
patients with expressed lesion exudates or biopsy-proven disease, 
and serologic testing is negative.44 The following recommenda
tions for diagnosing syphilis in HIV-infected individuals 
have been made by the CDC.4> First, individuals with HIV 
should be screened for syphilis, and all sexually active individuals 
with syphilis should be screened for HIV. If clinical examination 
and findings suggest syphilis in the presence of negative serologic 
testing, DFA for T. pallidum  staining of lesion exudates and 
biopsy or darkfield microscopic examination should be per
formed. In these individuals, all laboratories should titrate the 
nontreponemal tests (RPR, VDRL) to the exact final end point
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TABLE 52-4 SCREENING SYPHILIS INFECTIONS 
IN PREGNANCY

When to screen

How to screen* 
Diagnostic criteria

All women should be screened at their first 
prenatal visit.
Repeat screening should be performed in all 
pregnancies early in the third trimester. 
Patients should be screened at delivery if  not 
screened previously or if at high risk. 
Treponemal and nontreponemal test 
Positive treponemal a n d  nontreponemal test

Modified from Workowski KA, Bolan GA; Centers for Disease Control and Prevention. 
Sexually transmitted diseases treatment guidelines, 2015. MAfWR M orb M orta l Wkly Rep. 
2015;64(RR-03):1-137.
Cell culture and nucleic acid hybridization of endocervical specimens are also available.

to better guide response to therapy. Finally, neurosyphilis must 
be entertained as a diagnosis in HIV-infected individuals, and 
appropriate consultations should be obtained to better interpret 
serologic results.

Neurosyphilis is diagnosed in non-HIV-infected and in HIV- 
infected patients by examination of CSF obtained by a spinal 
tap. Individuals in whom CSF testing should be considered 
include those with neurologic or ophthalmologic symptoms, 
active tertiary disease, or treatment failure and HIV-positive 
individuals.2*’ Spinal tap and examination of CSF is not cur
rently recommended in non—HIV-infected individuals who have 
early asymptomatic syphilis.26

Treatm ent
It was not long after the introduction of penicillin, about the 
time of World War II, that it became recognized as the primary 
antimicrobial for the treatment of syphilis. Penicillin has been 
effective in the treatment o f disease and in the prevention of 
disease progression in both nonpregnant and pregnant 
women, and it has also been used in the prevention and treat
ment o f congenital syphilis (Box 52-3).26,46 CDC 2015 treat
ment guidelines recommend benzathine penicillin G— 2.4 miU 
intramuscularly (IM) as a single dose— for primary, secondary, 
and early latent syphilis in both pregnant and nonpregnant 
women.26 Late latent syphilis and latent syphilis of unknown 
duration are treated with benzathine penicillin G, 2.4 miU IM 
weekly for three doses (7.2 miU total)."6 If a dose is missed 
during pregnancy it is recommended that a full treatment course 
be repeated. Treatment can precipitate a Jarish-Herxheimer reac
tion, which can lead to preterm labor and or fetal distress. 
Women being treated for syphilis in pregnancy should be coun
seled to seek evaluation if  they develop fever, contractions, or 
decreased fetal movement.

Individuals with documented allergies to penicillin present 
a particular treatment problem. Treatment recommendations 
differ depending on whether the penicillin-allergic individual 
is pregnant. Due to the increased risk for treatment failure 
with alternative therapies, close follow-up is crucial to deter
mine treatment response. Penicillin is the only therapy that 
has been proven to be effective in the treatment of congenital 
syphilis, syphilis in pregnant women, and neurosyphilis, and 
the alternative therapies should not be considered for these. 
These aforementioned patients should be managed in conjunc
tion with an infectious disease specialist and should undergo 
penicillin desensitization and penicillin therapy. The initial 
evaluation o f patients with a penicillin allergy should begin 
with skin testing with both major and minor determinants.

BOX 52-3 RECOMMENDED TREATMENT REGIMENS* 
FOR TREPONEMA PALLIDUM INFECTIONS

Primary, Secondary, Early Latent Disease
Benzathine penic illin  G, 2.4 m illion  U IM as a s ingle dose

Late Latent and Latent Disease of Unknown Duration
Benzathine penic illin  G, 2.4 m iU  IM w eekly fo r three doses 

(7.2 m il l  to ta l)

Tertiary Disease 
NEUROSYPHILIS
Aqueous crysta lline penic illin  G, 18 to 24 m iU /day IV (3 to

4 m il)  every 4 hours or con tinuous in fusion) fo r  10 to 14 
days or

Procaine penic illin  G, 2.4 m il l  IM once da ily  w ith  
probenecid 500 mg PO fo u r tim es a day fo r  10 to
14 days if com pliance can be ensured

WITHOUT NEUROSYPHILIS
Benzathine penic illin  G, 2.4 m iU  IM w eekly fo r 3 weeks 

(7.2 m il l  to ta l)

Penicillin Allergy (Documented)
IN PREGNANCY
Desensitization and penic illin  therapy as above

Modified from  W orkowski KA, Bolan GA; Centers for Disease Control and 
Prevention (CDC): Sexually transm itted diseases treatm ent guidelines, 
2015. M M W R  M o rb  M o rta l W kly  Rep. 2015;64(RR-03): 1 -137.
♦The CDC recommends penicillin as the treatm ent o f choice in individu
als w ith syphilis.
IM , intramuscularly; IV, intravenously; m ill, m illion units; PO, per os.

Those with a reported penicillin allergy and negative skin 
testing may receive penicillin therapy. However, patients 
who have had a positive skin test should undergo penicillin 
desensitization with subsequent administration o f penicillin 
therapy.26,47

Therapy for tertiary syphilis is dependent on the presence or 
absence of neurosyphilis. Provided CSF examination is negative, 
individuals are treated with benzathine penicillin G, 2.4 miU 
IM weekly for 3 weeks (7.2 miU total).26 If neurosyphilis has 
been diagnosed, aqueous crystalline penicillin G, 18 to 24 miU 
IV daily (3 to 4 miU every 4 hours or continuous infusion) is 
given for 10 to 14 days. An alternative therapy in compliant 
individuals is procaine penicillin, 2.4 miU IM once daily, along 
with probenecid, 500 mg orally four times a day for 10 to 14 
days.26 A follow-up CSF evaluation is recommended to assess 
response to therapy.

CONGENITAL SYPHILIS
Congenital syphilis continues to be a problem worldwide, and as 
such, the W HO has established elimination of congenital syphi
lis as one of the millennium goals.48 In 2008, it was estimated 
that approximately 1.86 million cases o f syphilis occurred 
in pregnant women around the world. In their most recent 
report, the CDC summarized congenital syphilis surveil
lance data for 2013, which indicated that congenital syphilis 
rates decreased among all racial and ethnic minority populations 
from 2009 to 2013, with the exception of Native Americans 
and Alaska Natives.2 However, the rates of congenital syphilis 
remain disproportionately high in blacks and Hispanics. The
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rates of congenital syphilis per 100,000 liveborn infants were 
determined from U.S. natality data and demonstrated a decrease 
from 10.4 to 8.4 cases per 100,000 live births between 2009 
and 2012, respectively. This reflects a decrease in primary and 
secondary syphilis rates among reproductive-aged women, a 
decline from 1.5 to 0.9 cases per 100,000.2

Congenital syphilis infection results from transplacental 
migration o f the organism to the fetus. Congenital disease 
can occur at any stage o f maternal infection and at any ges
tational age.11 Past theories of a placental impasse during the 
first half of gestation were disproved by pathologic examination 
of infected first-trimester abortuses and by the demonstration of 
living organisms in amniotic fluid obtained by amniocentesis in 
the early second trimester.49'50 It is now believed that transpla
cental infection must be close to 100%  during the early 
stages o f maternal disease because o f the known hematoge
nous spread, with rates o f transmission falling to 10%  as 
bacteremia abates with the subsequent mounting o f the 
maternal immunologic response during late latent disease.51 
53 Also of importance in the pathogenesis of fetal disease is 
knowledge of fetal immunologic development. Disease early in 
gestation incites little response because the fetal immune system 
functions little until midgestation. Following this period, the 
fetus is able to mount a vigorous response with marked endar
teritis and end-organ involvement. The risk for adverse preg
nancy outcome in pregnant women with syphilis that was 
untreated is approximately 52% .54 The specific risks include 
a higher risk for miscarriage or stillbirth (21%), neonatal 
death (9.3%), premature birth or low birthweight (5.8%), 
and clinical evidence o f congenital infection (15%) when 
compared with the risks in women without syphilis. 5

Nonimmune fetal hydrops, polyhydramnios, and intra
uterine fetal demise have long been associated with con
genital syphilis. Recent reports confirm the constellation of 
nonimmune hydrops (ascites, pleural effusion, scalp or skin 
edema), hepatomegaly, polyhydramnios, and placentomegaly as 
markers for congenital syphilis.55,56 Hollier and colleagues5 
prospectively identified and followed 24 women with un
treated syphilis to better define the pathophysiology o f fetal 
disease. Ultrasound examination with amniocentesis and funi- 
puncture was performed. The infected pregnant women were 
treated with benzathine penicillin G given IM per the CDC 
guidelines (see Box 52-3). Six women had primary, 12 had 
secondary, and 6 had early latent syphilis disease. Sixteen of these 
fetuses (67%) had either congenital syphilis or 77 pallidum  
identified in the amniotic fluid specimens. Maternal stage of 
disease—primary, secondary, and early latent— correlated 
with fetal infection rates o f 50%, 67% , and 83%, respec
tively. Ultrasound examination was abnormal in 16 o f the 24  
fetuses (67%). Thirteen of these fetuses had hepatomegaly, three 
had hepatomegaly and ascites, and one had nonimmune hy
drops. Increased placental thickness was seen in 17 (71%), and 
hydramnios was observed in only one fetus with an abnormal 
ultrasound. This study demonstrates the utility o f ultrasound 
examination in the diagnosis and management o f the syphilis- 
infected gravida and her unborn child. This is supported by 
the CDC, which recommends sonographic evaluation o f the 
fetus for evidence o f congenital infection i f  syphilis is diag
nosed after 20 weeks’ gestation.

In an effort to reduce the incidence o f congenital syphilis, 
the CDC recommends screening all pregnant women at the 
time o f their first prenatal visit, and again early in the third

trimester. In addition, women should be screened at delivery 
i f  not previously screened, or i f  they are at high risk. If
prenatal screening is not available, patients should be screened 
at delivery.42

The implementation of appropriate screening and treatment 
of pregnant women should theoretically result in the elimina
tion of congenital syphilis.3 51 Despite these screening recom
mendations, attempts at targeted mass treatment for syphilis in 
populations at risk in order to reduce outbreaks and ultimately 
wipe out congenital syphilis have met with failure.58 It was esti
mated by the WHO that approximately one third o f women 
who received prenatal care were not tested for syphilis.1̂ 
Children continue to be born with increased prematurity, low 
birthweight, hepatomegaly, and cutaneous and bone lesions in 
both developing and developed nations.11 Almost 90%  o f still
births attributed to congenital syphilis occur among women 
who are never treated or who are treated inappropriately.' " 
Alexander and colleagues61 examined the CD C guidelines for 
the treatment of maternal syphilis among 340 gravidae and 
found better than 95% success for all stages of clinical disease 
in preventing congenital disease. Sheffield and associates62 evalu
ated 43 women who received antepartum therapy with treat
ment failure and revealed that preterm delivery (<36 weeks), a 
short interval between treatment and delivery, a higher VDRL 
titer at the time of treatment and delivery, and early stage of 
maternal disease were associated with treatment failure. The 
optimal management (transplacental through maternal therapy 
vs. neonatal) of the fetus with severe or advanced clinical disease 
remains unknown and requires consultation with experienced 
clinicians.63

KEY POINTS

♦ All pregnant women younger than 25 years or those 
at increased risk should be screened for Chlamydia and 
gonorrhea during pregnancy.

♦ Women younger than 25 and those at high risk for 
sexually transmitted infections should be rescreened for 
Chlamydia during the third trimester.

♦ Syphilis screening should be performed at the first pre
natal visit as well as early in the third trimester. Repeat 
testing should be performed at the time of delivery in 
patients at high risk for syphilis.

♦ If syphilis testing was not done during pregnancy, it 
should be performed postpartum prior to the patient’s 
discharge from the hospital.

♦ NAATs of urine, the endocervix, or the vagina is the 
preferred screening test for both Chlamydia and 
gonorrhea.

♦ Screening for syphilis can be performed using either a 
treponemal or nontreponemal test.

♦ Penicillin is the antimicrobial of choice in treating syph
ilis among pregnant women and for reducing the inci
dence of congenital syphilis.

♦ Pregnant women with a penicillin allergy and syphilis 
infection should undergo penicillin desensitization with 
subsequent penicillin therapy.
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Viruses have been identified in virtually all organisms. They are 
among the simplest of living organisms, yet they have signifi
cantly influenced history and are an important causative factor 
for infectious disease. Viruses are obligate intracellular para
sites that utilize the host cell’s structural and functional com
ponents while exhibiting remarkably diverse strategies for 
gene expression and replication. Viral infection ranges from 
asymptomatic or subclinical to overwhelming and highly lethal, 
with findings such as meningoencephalitis or hemorrhagic fever 
with shock. Viral infection is highly variable; many viruses are 
limited to acute, time-limited infection. However, some viruses 
establish long-lasting infection. Latent viruses have the capacity 
to reactivate gene expression many years after acute infection, 
retroviruses integrate into the host cell genome, and multiple 
viruses have oncogenic potential.

Virus particles contain nucleic acid and structural proteins, 
which together are referred to as a nucleocapsid. Viral nucleic 
acid is composed of either DNA or RNA, which may be single 
or double stranded. Viral genomes can be linear or circular and 
can exist in multiple segments or as a single segment. Viral 
genome size ranges from two genes in parvovirus B19 to over 
200 genes in cytomegalovirus (CM V). Some viruses have lipid 
bilayer envelopes external to the nucleocapsid; these envelopes 
are derived from the host cell and contain viral proteins. Herpes 
viruses have an additional layer, called a tegument, between 
the nucleocapsid and envelope. Viruses are classified by the 
International Committee on Taxonomy into orders, families, 
subfamilies, genera, and species. Classification is based on 
morphology, nucleic acid type, the presence or absence of an 
envelope, genome replication strategy, and homology to other 
viruses.

Infection is typically initiated by the virus binding to a 
specific host cell receptor. Receptors are normally functional 
host cell membrane proteins but are also recognized by a viral 
protein ligand within the viral envelope or nucleocapsid. The 
viral protein and cellular receptor interaction defines, in part,

the host range of the virus, which limits infection to cells that 
display the appropriate receptor. Virus enters the host cell via 
translocation of the virion across the plasma membrane; this 
involves endocytosis or fusion of the viral envelope with the cell 
membrane, fhe virus then uncoats its nucleic acid for replica
tion, ultimately leading to viral gene expression and replication. 
This may occur in either the cytoplasm or nucleus of the cell 
and may involve integration into the host genome, as in the case 
of retroviruses. Intracellular assembly of progeny virions occurs 
followed by release o f newly formed virions by cell lysis or by 
budding from the cell surface, as in the case of most enveloped 
viruses.

Despite their inability to replicate independently, viruses play 
a central role in infectious disease, altering the structure and/or 
the function of the host cell. For productive infection to occur, 
viruses must enter cells, replicate their genome, and release 
infectious virions. The inability of a virus to complete any of 
these required steps results in a “nonproductive infection.” Viral 
pathogenesis occurs via several mechanisms and does not require 
productive infection. These include direct effects on infected 
host cells, which may result in cell death via lysis or apoptosis. 
Infected cells can also be killed by antiviral antibody and com
plement or by cell-mediated immune mechanisms. In addition, 
some viral genomes encode oncogenes, which can mediate trans
formation of infected host cells. Viral proteins can also impact 
the function of uninfected cells, including those o f the immune 
system. Finally, the host immune response to viral infection 
encompasses both local and systemic effects via activation of 
immune cells, the induction o f an adaptive immune response, 
and the release o f cytokines, chemokines, and antibodies. 
Thus the immune response contributes to or causes the signs 
and symptoms associated with viral infections, which includes 
fever, rash, arthralgias, and myalgias. The outcome of viral infec
tion is dependent on host factors such as immune status, age, 
nutritional status, and genetic background. Genetic factors 
can alter susceptibility to viral infection, the immune response
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generated following infection, and the long-term consequences 
of viral infection.

This chapter discusses many of the viral infections relevant to 
pregnancy that have significant impact on maternal health and/ 
or pregnancy outcome. The virology, epidemiology, diagnosis, 
clinical manifestations, management during pregnancy, and 
impact on the fetus/neonate are reviewed for the viruses listed 
in Table 53-1.

H U M A N  IM M U N O D E F IC IE N C Y  V IR U S  

V iro lo g y
Human immunodeficiency virus (HIV) is a member of the Ret- 
roviridae family, characterized by spherical, enveloped viruses. 
The virus envelope surrounds an icosahedral capsid that con
tains the viral genome and consists of two identical pieces of 
positive-sense, single-stranded RNA about 9.2 kb long. HIV 
has a total of nine genes that include three main genes—gag, 
pol, and env—which are surrounded by long terminal repeat 
(LTR) regions. The ga g  gene encodes the precursor for the virion 
capsid proteins, which include the full-length p55 polyprotein 
precursor and its cleavage products p l7  matrix, p24 capsid, 
p9 nucleocapsid, and p7. The p o l  gene encodes the precursor 
polyprotein for several viral enzymes including protease, reverse 
transcriptase, RNase H, and integrase. The env gene encodes the 
envelope glycoprotein (gp l60), which is cleaved to the surface 
unit (gp l20) and the transmembrane protein (gp4 l) necessary 
for fusion. Retroviruses are unique because the viral genome 
is transcribed into DNA via the viral enzyme reverse tran
scriptase, followed by integration into the host cell genome 
via the viral enzyme integrase. HIV also has the capacity 
to become latent within quiescent infected cells, which has 
made eradication o f the virus thus far impossible.

The HIV envelope glycoprotein (gp l20) is a ligand for CD4, 
the cellular HIV receptor; thus HIV predominantly infects 
CD4+ cells, including T cells, monocytes, and macrophages. 
Coreceptors required for viral entry and infection have been 
identified. The two primary HIV coreceptors are the chemokine 
receptors CXCR4 and CCR5. New infections almost always 
occur with an HIV strain that utilizes the CCR5 coreceptor, 
which potentially reflects viral fitness. Individuals homozygous 
for a 32-base pair deletion within the CCR5 gene are much less 
likely to become HIV infected, even following significant expo
sure; moreover, some CCR5 polymorphisms correlate with 
disease progression of HIV in perinatally infected children and 
adults.

E p id e m io lo g y
The Centers for Disease Control and Prevention (CDC) esti
mates that over 1.2 million people in the United States are 
infected with HIV, and 14% of infected individuals are undiag
nosed or unaware of their infection.1 Most HIV-infected indi
viduals reside outside the United States. Global HIV burden 
is estimated at 37  million individuals; moreover, women 
account for more than half o f all people living with HIV. In 
contrast, approximately 50,000 Americans are diagnosed 
with HIV infection annually; women account for 20%  o f  
new HIV infections and 23%  o f existing infections. Women 
typically acquire HIV infection by heterosexual contact, and 
about 65%  o f new infections occur in black Americans. 
W hite women have the highest percentage of HIV infections 
attributable to injection drug use (25%), whereas injection drug

use accounts for only 14% of HIV infections in Hispanic 
women and only 11% in black women. Factors associated with 
an increased prevalence of HIV infection and transmission risk 
include a high number of sexual contacts, high-risk sexual expo
sure, receptive anal intercourse, sexual contact with an uncir
cumcised male, IV drug and/or crack cocaine use, residing in 
the “inner city,” and the presence of other sexually transmitted 
diseases (STDs), particularly those that cause genital ulcers 
(herpes, syphilis, chancroid).

HIV infection is limited to humans and chimpanzees, and 
most infections in the United States are caused by HIV-1, which 
is divided into three groups: M , N, and O. Over 95% of HIV-1 
infections are caused by group M, which is divided into sub- 
types, or clades, A through K. The predominant type of HIV 
within the United States is clade B, whereas other clades pre
dominate in other regions of the world. HIV-2, a related strain 
of HIV, is endemic in Africa, Portugal, and France and appears 
to have a lower vertical transmission rate compared with HIV-1. 
Much less is known about the treatment of these related viruses 
given their prevalence in areas of the world where treatment with 
antiretroviral (ARV) agents is not readily available.

D ia g n o s is
Historically, HIV infection was diagnosed via virus-specific 
antibody detection; initial serologic screen was via enzyme- 
linked immunosorbent assay (ELISA) and either Western blot 
(WB) or immunofluorescent antibody assay was performed 
for confirmation. The Western blot identifies antibodies and 
recognizes specific viral antigens, and it is considered positive 
when any two of the following three antigens are identified: p24 
(capsid), gp41 (envelope), and gpl20/160 (envelope). Several 
salivary and/or rapid blood tests are available with efficacy com
parable to ELISA. These tests have a limited ability to diagnose 
early HIV and HIV-2 infection because they detect HIV-specific 
immunoglobulin (Ig) G antibodies. Current recommendations 
are to screen with an HIV-1/2 antigen/antibody combination 
immunoassay, or “combo assay,” with confirmation o f infec
tion with an H IV -l/H rV -2  antibody differentiation immu
noassay and HIV-1 nucleic acid test (NAT; Fig. 53-1)." This 
strategy enables diagnosis of acute HIV-1 infection, detection 
of HIV-2 infection, and faster turnaround time. Enhancements 
of the combo assay include more accurate HIV-2 diagnosis, 
p24 antigen assessment (measurable 15 days postinfection), and 
detection of IgM antibodies (measurable 3 to 5 days after p24 
antigen positivity), which enables confirmation of HIV infec
tion days to weeks before the HIV WB becomes positive. Com
bined with an HIV-1 NAT, this narrows the window between 
the time of infection and immunoassay reactivity and enables 
the diagnosis of acute HIV-1 infection, which was not possible 
using ELISA/WB assessment.2 Because the risk of H lV  trans
mission from persons with acute and early infection is increased, 
this strategy may reduce perinatal HIV transmission.

Given the increasing prevalence of HIV infection and studies 
that demonstrate that identification of HIV-infected pregnant 
women and early antiretroviral therapy (ART) most effectively 
prevents perinatal HIV transmission, both the American 
College o f Obstetricians and Gynecologists (ACOG) and the 
CDC recommend an “opt out” approach to ensure routine 
HIV screening for all pregnant women, ideally performed at 
the first prenatal visit. The CDC also advocates for repeat 
testing in the third trimester, citing its cost effectiveness even in 
areas of low prevalence.3 A second HIV test in the third trimester
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TABLE 53-1 SUMMARY OF ETIOLOGY, DIAGNOSIS, AND MANAGEMENT OF MAJOR PERINATAL VIRAL INFECTIONS 

COMPLICATIONS DIAGNOSIS TREATMENT/MANAGEMENT

V iru s

HIV

Influenza

Parvovirus
B19

Rubeola
(measles)

Rubella

CMV

HSV

Varicella

Hepatitis A 

Hepatitis B

Maternal

Opportunistic infection

Pneumonia, increased 
maternal mortality

Rare

Otitis media, 
pneumonia, 
encephalitis 

Rare

Chorioretinitis

Disseminated infection, 
primarily in 
immunocompromised 
patients

Pneumonia, encephalitis, 
zoster

Rare

Chronic liver disease

Hepatitis C 

Hepatitis D Chronic liver disease

Hepatitis E Increased mortality

Fetal/ Fetal/
Neonatal Maternal Neonatal Maternal Fetal/Neonatal

Perinatal Immunoassay PCR cART cART to reduce
infection perinatal

transmission
NA RT-PCR or NA Oseltamivir Maternal vaccination

immunofluorescence, prophylaxis and to protect the
RIDT for screening treatment, 

supportive care, 
vaccinate 
annually

neonate

Anemia, PCR or antibody PCR, Supportive care Intrauterine
hydrops, detection ultrasound transfusion for
death for anemia severe anemia

Abortion, RT-PCR or antibody NA Supportive care, NA
preterm detection vaccinate prior
delivery to pregnancy

Consider pregnancyCongenital Antibody detection or RT-PCR, Supportive care,
infection RT-PCR ultrasound vaccinate prior termination for

for to pregnancy fetus with CRS
congenital
rubella
syndrome

Congenital PCR PCR, Ganciclovir for Consider pregnancy
infection ultrasound severe infection termination for

for
detection 
of sequelae

infected fetus with 
primary maternal 
infection

Neonatal Examination, PCR, Examination, Antiviral Tx for Cesarean delivery
infection, antibody detection PCR, infection and when mother has
intrauterine antibody prophylaxis to active genital
infection is detection reduce lesions
extremely rare recurrences

VZIG, antivirals forCongenital or History, PCR, antibody Ultrasound VZIG, antivirals
perinatal detection for prophylaxis prophylaxis and/or
infection and/or

treatment
treatment

None RT-PCR or antibody NA Supportive care, IG to neonate if
detection vaccination mother acutely 

infected at delivery
Perinatal HBsAg detection, HBV NA Supportive care, HBIG and HBV

infection PCR vaccination; 
HBIG for 
exposed, 
unvaccinated 
individuals

vaccine 
immediately 
following delivery. 
Consider 
antepartum 
tenofovir to further 
reduce transmission

Perinatal HCV antibody screen, NA Supportive care, Maternal treatment
infection NAT confirmation consider 

antiviral Tx
may reduce 
transmission

Perinatal Antigen and antibody NA Supportive care HBIG and HBV
infection detection vaccine 

immediately 
following delivery

Neonatal RT-PCR, antibody NA Supportive care None
infection detection

cART, combination antiretroviral therapy; CMV, cytomegalovirus; CRS, congenital rubella syndrome; HBIG, HBV immune globulin; HBsAg, HBV surface antigen; HBV, hepatitis B 
virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HSV, herpes simples virus; IG, immune globulin; NA, not applicable; NAT, nucleic acid test; PCR, polymerase chaii 
reaction; RIDT, rapid influenza diagnostic test; RT-PCR, reverse transcriptase PCR; VZIG, varicella zoster immune globulin; Tx, treatment.

chain

is recommended for women at increased risk of HIV infection 
and those living in areas of elevated HIV incidence, which 
includes residents of Alabama, Connecticut, Delaware, the Dis
trict of Columbia, Florida, Georgia, Illinois, Louisiana, M ary
land, Massachusetts, Mississippi, Nevada, New Jersey, New 
York, North Carolina, Pennsylvania, Puerto Rico, Rhode Island, 
South Carolina, Tennessee, Texas, and Virginia as well as women

who receive health care in facilities at which prenatal screening 
identifies at least one HIV-infected pregnant woman per 1000 
women screened.

C lin ica l M a n ife s ta t io n s  a n d  S ta g in g
The clinical presentation of HIV infection and/or acquired 
immunodeficiency syndrome (AIDS) depends on when infection
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Chapter 53 Maternal and Perinatal Infection in Pregnancy: Viral 1103

HIV-1/2 antigen/antibody combination immunoassay

FIG 53-1 Diagnosis of human immunodeficiency virus (HIV) infection. Ag, antigen; HIV, human immunodeficiency virus; NAT, nucleic acid test; 
+, reactive test result; -, nonreactive test result.

TABLE 53-2 STAGES OF HIV INFECTION______________

CD4+ T-LYMPHOCYTE COUNT 
AND PERCENTAGES

CD4+ T-lymphocyte count >500 cells/jiL 
or > 29%

CD4+ T-lymphocyte count 200 to 499 
cells/|_lL or 14% to 29%

CD4+ T-lymphocyte count <200 cells/(J.L 
or <14%

AIDS, acquired immune deficiency syndrome; CDC, Centers for Disease Control and 
Prevention; HIV, human immunodeficiency virus.

occurred and whether immunodeficiency resulted. Following 
exposure and primary infection, 50%  to 70%  o f individuals 
infected with HIV develop the acute retroviral syndrome.
At this time patients may have “mononucleosis-like” symptoms 
that include fever, rigors, pharyngitis, arthralgias, myalgias, mac- 
ulopapular rash, urticaria, abdominal cramps, diarrhea, head
ache, and lymphocytic meningitis. The acute phase of infection 
usually occurs 4 to 6 weeks following HIV exposure and can 
last several weeks. However, it is uncommon for individuals 
to be diagnosed during acute infection. Following acute HIV 
infection, patients enter latent-phase infection, which can last 
approximately 5 to 10 years in untreated patients and comprises 
stage 1 and 2 of infection (Table 53-2). During this asymp
tomatic phase of infection, in the absence of ART, chronic 
immune activation and progressive destruction of lymphatic 
tissue ensues.4 If untreated, most patients will develop stage 3 
infection, AIDS, which typically includes one or more of the 
conditions listed in Box 53-1.

E v o lu tio n  o f H u m a n  Im m u n o d e fic ie n c y  V iru s  
In fe c tio n  a n d  T re a tm e n t
The diagnosis, treatment, and prognosis of HIV infection has 
improved considerably over the past 30 years. Subsequent to the 
availability of effective ARVs with fewer adverse effects, HIV

BOX 53-1 AIDS-DEFINING CONDITIONS IN ADULTS

Candidiasis o f bronchi, trachea, o r lungs 
Candidiasis o f esophagus*
Cervical cancer, invasive ’
Coccid io idom ycosis, d issem inated o r ex trapu lm onary 
Cryptococcosis, ex trapu lm onary
C ryp tosporid ios is , chronic  intestinal (>1 m onth  duration) 
C ytom ega lovirus disease (other than liver, spleen, or 

nodes), onset at age >1 m onth 
C ytom egalovirus re tin itis  (w ith loss o f v is io n)’ 
Encephalopathy, HIV related
Herpes sim plex: Chronic ulcers (>1 m onth  duration) or 

bronch itis, pneum onitis , o r esophagitis (onset at age 
>1 m onth)

H istoplasm osis, dissem inated or ex trapu lm onary 
Isosporiasis, chronic  in testina l (>1 m onth  duration) 
Kaposi sarcom a*
Lym pho id in te rstitia l pneum onia o r pu lm on ary  lym phoid  

hyperplasia com p lex ’
Lym phom a, Burkitt (or equiva lent term )
Lym phom a, im m unob lastic  (or equiva lent term ) 
Lym phom a, prim ary, o f brain 
M ycobacterium  av ium  com plex or M. kansasii, 

dissem inated o r ex trap u lm o na ry*
M. tubercu los is  o f any site, p u lm o n a ry ,* ’  d issem inated,* 

o r ex trap u lm o na ry*
M ycobacterium , other species o r un identified  species, 

d issem inated’ or ex trap u lm o na ry*
Pneum ocystis jiro v e c i pneum onia*
Pneum onia, re cu rre n t*’
Progressive m ultifoca l leukoencephalopathy 
Salm onella septicem ia, recurrent 
T oxop lasm osis o f brain, onset at age >1 m on th *
W asting syndrom e attribu ted  to  HIV

•Condition that m ight be presumptively diagnosed.
’ Only among adults and adolescents aged at least 13 years.
AIDS, acquired immune deficiency syndrome; HIV, human im m unodefi
ciency virus.

CDC STAGE

Stage 1 (HIV infection)

Stage 2 (HIV infection) 

Stage 3 (AIDS)
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1104 Section VI Pregnancy and Coexisting Disease

infection has evolved from a terminal diagnosis to a chronic but 
treatable life-long disease. Treatment objectives for a ll  infected 
individuals are to maximally and durably suppress viral 
load-' Effective treatment prevents HIV disease progression 
and transmission, including perinatal transmission. As treat
ment has progressed to preserve immunologic function, reduc
ing HIV-related morbidity, and prolonging the duration and 
quality of life for infected individuals, management recommen
dations have changed to focus on tolerability, toxicity, and pre
vention of resistance. Historically, Pediatric AIDS Clinical 
Trial Group (PACTG) 076 was the first study to show that 
ART reduces perinatal HIV transmission.1’ This randomized, 
placebo-controlled study comprised treatment-naive HIV- 
infected women beyond the fist trimester of pregnancy with a 
CD4 count above 200/mm3. Treatment included prenatal oral 
zidovudine (ZDV) and intrapartum intravenous (IV) ZDV, and 
infants received oral ZDV for 6 weeks following delivery; ran
domization was ethical because the safety within pregnancy and 
efficacy of ZDV at the time the study was initiated was unknown. 
Secondary to reduced HIV transmission, ZDV became the 
backbone of perinatal HIV treatment for over 20 years. Con
versely, updated guidelines lim it the recommended use of this 
drug secondary to toxicity (bone marrow suppression; gastroin
testinal [GI] and mitochondrial toxicities such as lipoatrophy, 
lactic acidosis, and hepatic steatosis; skeletal muscle myopathy; 
and cardiomyopathy) and the availability of highly effective, 
well-tolerated therapies with fewer toxic side effects.5 Moreover, 
combination antiretroviral therapy (cART) has been shown to 
more effectively lim it perinatal HIV transmission.

Ethical Considerations
Pregnant patients should be offered ART based on the same 
principles used for nonpregnant individuals, taking into account 
pregnancy-specific maternal or fetal safety issues. When caring 
for HIV-infected pregnant women, two separate but related 
goals emerge: (1) treatment o f maternal infection and (2) 
chemoprophylaxis to reduce the risk o f perinatal HIV trans
mission. Providers who care for HIV-infected women may 
encounter patients who decline to start or continue ART For 
guidance, the author supports the recommendations of the Panel 
on Treatment of HIV-Infected Pregnant Women and Prevention 
of Perinatal Transmission.5 7 In summary, the provider is respon
sible for providing information to enable the woman to make 
an informed choice regarding this and other medical recom
mendations, including elective cesarean delivery Coercive and 
punitive policies undermine trust and the provider-patient rela
tionships. Results can include prenatal care discontinuation or 
failure to disclose her HIV status to other health care providers, 
preventing the adoption of behaviors to enhance maternal and 
fetal well-being. Respecting patient autonomy, we consider it 
unethical to consider punitive actions against a patient second
ary to her decisions regarding her HIV treatment or disclosure 
of her HIV status. Moreover, disclosure carries risks that range 
from discrimination to intimate partner violence, making it 
critical to respect the patient’s decision. Clinicians should be 
aware o f local legal requirements in regard to confidentiality 
and disclosure o f HIV-related health information.

M a n a g e m e n t D u rin g  P re g n a n cy  
Initial Evaluation
Beyond the standard initial antenatal assessment for all pregnant 
women, including a first-trimester ultrasound to confirm gesta
tional age, evaluation of an HIV-infected pregnant woman

BOX 53-2 ASSESSMENT OF HIV DISEASE STATUS
HIV History Review

1. HIV in fe c tio n  d u ra tio n , tra n s m is s io n  ro u te  ( if  kn o w n ), 
p r io r  H IV -re la te d  illn esse s  and  h o s p ita liz a tio n s

2. P rio r and o n g o in g  AR V d ru g  use, d u ra tio n , w h e th e r  
tre a tm e n t w a s  fo r  m a te rn a l b e n e fit  a n d /o r  to  p re v e n t 
p e rin a ta l HIV tra n s m is s io n , a d h e re n ce  and  to le ra n c e  
issues

3. O u tc o m e  o f H IV -im p a c te d  p re g n a n c ie s
4. CD4 ce ll c o u n ts  and  HIV v ira l lo a d s  (p la sm a  HIV RNA 

co p ie s /m L  o f p la sm a ) and  th e ir  re la tio n s h ip  to  ARV, 
re su lts  o f  p r io r  HIV AR V d ru g -re s is ta n c e  s tu d ie s

5. Assess need  fo r  o p p o r tu n is t ic  in fe c tio n  p ro p h y la x is
6. Im m u n iz a tio n /in fe c tio n /s e ro lo g y  s ta tu s  w ith  a tte n tio n  

to  HAV, HBV, HCV, tu b e rc u lo s is , p n e u m o c o c c u s , and  
T dap

Laboratory Assessment
1. CD4 c o u n t and  HIV v ira l load
2. AR V d ru g -re s is ta n c e  s tu d ie s  (g e n o ty p e  p re fe rre d ) 

p r io r  to  s ta rtin g  o r m o d ify in g  AR V re g im e n s  in 
p a tie n ts  w ith  HIV R N A le ve ls  a b o ve  th e  th re s h o ld  fo r  
res is ta n ce  te s tin g  (e.g ., >500 to  1000 co p ie s /m L )

3. B ase line  c o m p le te  b lo o d  ce ll c o u n t w ith  p la te le ts  
and rena l and liv e r  fu n c tio n  te s tin g

4. S e ro lo g ic  a sse ssm e n t as re q u ire d  b y  h is to ry  and  
CD4 c o u n t ( fo r CD4 <200 c e lls /m m 3, s e ro lo g y  fo r  
c y to m e g a lo v iru s  and Toxoplasm a g o n d ii is 
in d ica te d )

5. H LA-B*5701 te s tin g , if  a b a c a v ir  use is a n tic ip a te d
6. In P P D -pos itive  p a tie n ts , c h e s t x -ra y  to  ru le  o u t 

a c tive  p u lm o n a ry  d isease
7. If a b n o rm a l PAP sm e a r, HPV te s tin g  and  c o lp o s c o p y  

as in d ica te d

ARV, antiretroviral; HAV, hepatitis A virus; HBV, hepatitis B virus; 
HCV, hepatitis C virus; HIV, human im m unodeficiency virus; HLA, human 
leukocyte antigen; HPV, human papillom avirus; PAP, Papanicolaou; 
PPD, purified protein derivative; Tdap, tetanus, diphtheria, and pertussis 
(vaccine).

should include status assessment as described in Box 53-2. 
Plasma HIV RNA (viral load) is determined using reverse 
transcriptase-polymerase chain reaction (RT-PCR) technol
ogy.5 If the patient’s HIV viral load is undetectable in the 
absence of treatment, retesting and/or using an alternative assay 
is recommended (bDNA signal amplification or nucleic acid 
sequence-based amplification [NASBA] technique).8 Some 
patients may have an undetectable viral load; however, the 
patient could be infected with a non—clade B HIV-1 isolate or 
HIV-2. None of the above-mentioned assays detect HIV-2 
plasma RNA. Consultation with an infectious disease physician 
with experience in the management of HIV disease can be 
helpful in these cases or when the woman’s genotype and phe
notype assay demonstrate significant resistance to ART. Follow
ing complete evaluation, recommendations for a plan of 
HIV-related medical care that includes antepartum, intrapar
tum, and postpartum care should be provided, taking into 
account issues described in the following sections.

Antepartum Care
Combination care with at least three drugs from at least two 
classes o f ARVs is standard care for HIV infection in the 
United States. Patients who enter pregnancy on ART with 
complete viral suppression should continue their current therapy;
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TABLE 53-3 T R E A T M E N T  R E C O M M E N D A T IO N S  FOR A N T IR E T R O V IR A L -N A IV E  P R E G N A N T  W O M E N

PREFERRED BACKBONES 
___________ AND REGIMENS__________

FD C s COMMENT

Two-NRTI Backbones
TDF/FTC or Truvada

TDF/3TC 200 mg FTC+ 300 mg
TDF tablet

ABC/3TC Epzicom
300 mg 3TC + 600 mg

ABC tablet
ZDV/3TC Combivir

150 mg 3TC + 200 mg
ZDV tablet

PI Regimens
ATV/r + two-NRTI

backbone
DRV/r + two-NRTI

backbone
NNRTI Regimen
EFV + two-NRTI Atripla

backbone 200 mg FTC + 300 mg
TDF + 600 mg 
EFV tablet

The recommended NRTI backbone for nonpregnant adults; can be administered once daily. TDF has 
potential renal toxicity and should be used with caution in patients with renal insufficiency.

Can be administered once daily; ABC is associated with HSRs and should not be used in HLA-B*5701- 
positive patients; it may be less efficacious than TDF/FTC in patients with HIV RNA level >100,000.

Backbone with the most experience in pregnancy, disadvantages include twice-daily administration and 
increased toxicity; not a preferred backbone in nonpregnant adults.

Once-daily administration of ATV/r; no longer preferred in nonpregnant adults secondary to increased 
toxicity-related discontinuation compared with DRV- and RAL-based regimens.

Twice-daily administration of DRV/r in pregnancy; preferred PI in nonpregnant adults, increasing 
experience with use in pregnancy.

Atripla enables once daily administration of a single tablet regimen; concern due to observed birth defects 
in primates, although human risk is unconfirmed; postpartum contraception must be ensured; 
preferred regimen in women who require coadministration of drugs with significant PI interactions.

Twice-daily administration of RAL; preferred NRTI regimen in nonpregnant adults, increasing experience 
and established PK in pregnancy. Rapid viral load reduction; however, twice daily dosing required.

Available in coformulated single-pill, once-daily regimen with PK pregnancy data. However, relatively little 
clinical experience in pregnancy and not recommended for pretreatment HIV RNA >100,000 or CD4 
count <200 cells/mm3.

Twice-daily administration; once-daily LPV/r is not recommended for use in pregnant women; not a
preferred PI in adults secondary to higher rates of GI side effects, hyperlipidemia, and insulin resistance.

Not recommended based on potential toxicity and dosing disadvantages. Baseline ECG recommended 
before initiation secondary to potential PR and QT prolongation; contraindicated with preexisting 
cardiac conduction system disease; large pill burden.

No longer recommended secondary to higher adverse event potential, complex lead-in dosing and low 
resistance barrier. NVP is administered twice daily; caution should be used when initiating ART in 
women with CD4 count >250 cells/mm3. Use NVP and ABC together with caution; both can cause 
HSRs within the first few weeks after initiation.______________________________________ _________

From Panel on Treatment of HIV-Infected Pregnant Women and Prevention of Perinatal Transmission. Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-l-Infected 
Women for Maternal Health and Interventions to Reduce Perinatal HIV Transmission in the United States. Available at http://aidsinfo.nih.gov/contentfiles/lvguidelines/PerinatalGL.pdf. 
3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; ECG, electrocardiogram; EFV efavirenz; FDC, fixed-dose 
combination; FTC, emtricitabine; GI, gastrointestinal; HIV, human immunodeficiency virus; HLA, human leukocyte antigen; HSR, hypersensitivity reaction; INSTI, integrase strand 
transfer inhibitor; LPV/r, lopinavir/ritonavir; NNRTI, nonnucleotide reverse transcriptase inhibitor; NRTI, nucleotide/nucleoside reverse transcriptase inhibitor; NVP, nevirapine;
PI, protease inhibitor; PK, pharmacokinetic; RAL, raltegravir; SQK saquinavir; TDF, tenofovir disoproxil fumarate; ZDV, zidovudine.

INSTI Regimen
RAL + two-NRTI 

backbone 
Alternative Regimens
RPV/TDF/FTC

LPV/r + two-NRTI 
backbone

No Longer Recommended
SQV/r + two-NRTI 

backbone

NVP + two-NRTI 
backbone

if  a component of their regimen is contraindicated in pregnancy, 
the regimen should be altered without therapy interruption. If 
pregnancy-associated vomiting interferes with ongoing adher
ence to therapy, antiemetics should be aggressively used prior to 
discontinuing therapy. Treatment recommendations for ARV- 
nai've pregnant women are delineated in Table 53-3, and the 
most commonly used ARTs in pregnancy are described in Table 
53-4. Commonly used drug classes include nucleoside/ 
nucleotide reverse transcriptase inhibitors (NRTIs), nonnu
cleoside reverse transcriptase inhibitors (NNRTIs), and 
protease inhibitors (Pis). Fusion inhibitors (FIs), CCR5 antag
onists, and integrase strand transfer inhibitors (INSTIs) have 
been less commonly used in pregnancy; however, the number of 
INSTI-treated women who become pregnant will increase 
because most recommended treatment regimens for nonpreg
nant adults are INSTI based. Therapeutic considerations include 
timing of therapy initiation, dosing changes secondary to 
pregnancy-associated physiologic changes, side effects, drug 
interactions, teratogenicity, comorbidities, convenience and 
adherence potential, viral resistance, and the pharmacokinetics 
and toxicity of transplacentally transferred drugs.

The ideal regimen demonstrates durable virologic suppres
sion with immunologic and clinical improvement, is well 
tolerated with a simple dosage regimen, and has been shown 
to be effective in pregnancy in terms o f reducing perinatal 
HIV transmission. ARV drug regimens used today are more 
convenient and better tolerated than previously utilized regi
mens, and this has resulted in greater efficacy and improved 
adherence. At least one NRTI with high placental transfer 
should be included within the ART regimen if  possible; consul
tation with HIV medicine specialists is advised for women with 
previous ARV use for maternal indications who demonstrate 
significant ARV resistance upon testing or when there is a 
suboptimal response to ART.7 Up-to-date U.S. treatment 
recommendations, including a comprehensive review of drug 
interactions within the adult treatment guidelines, are available 
online at www.AIDSinfo.nih.gov, and the National Perinatal 
HIV Hotline (888-448-8765) provides free clinical consultation 
on all aspects of perinatal HIV care.7

Maternal cART should be started as soon as possible and 
should not be delayed for resistance testing results. Resistance 
testing should still be performed because it provides important
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TABLE 53-4 COMMONLY USED ANTRIRETROVIRAL DRUGS IN PREGNANCY
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DRUG DOSAGE 

NRTIs
Tenofovir disoproxil 

fumarate (TDF; 
Viread), 300 mg QD

Lamivudine (3TC; Epivir), 
150 mg BID or 300 mg 
QD

Emtridtabine (FTC; 
Emtriva), biologically 
active form of 3TC,
200 mg QD 

Abacavir (ABC; Ziagen), 
300 mg BID or 600 mg 
QD

Zidovudine (ZDV;
Retrovir), 300 mg BID

Didanosine (ddl; Videx), 
>60 kg: 400 mg QD, 
with TDF 250 mg QD; 
<60 kg: 250 mg QD, 
with TDF 200 mg QD

Stavudine (d4T; Zerit),
>60 kg: 40 mg BID; 
<60 kg: 30 mg BID

NNRTIs
Efavirenz (EFV; Sustiva), 

600 mg QD at or 
before bedtime

Nevirapine (NVP; 
Viramune), 200 mg 
QD for 14 days, then 
200 mg BID

Etravirine (ETR;
Intelence), 200 mg BID

Rilpivirine (RPV;
Edurant), 25 mg QD

Protease Inhibitors
Atazanavir (ATV; Reyataz), 

PK enhancement 
required (low-dose 
RTV), ATV 300 mg + 
RTV 100 mg QD 
(increase ATV dose to 
400 mg for TDV, EFV, 
or H2 blocker)

FDA
PREGNANCY PHARMACOKINETICS IN PREGNANCY CONCERNS AND
CATEGORY PREGNANCY RECOMMENDATIONS

AUC lower in third trimester than 
postpartum with adequate trough 
levels in the majority of women. 
Placental transfer is high.

PKs are not significantly altered in 
pregnancy; no change in dose is 
indicated. Placental transfer is 
high.

PK study shows slightly lower levels 
in third trimester compared with 
postpartum; no need to increase 
dose. Placental transfer is high.

PKs are not significantly altered in 
pregnancy; no change in dose is 
indicated. Placental transfer is 
high.

PKs are not significantly altered in 
pregnancy; no dose change is 
indicated. Placental transfer is 
high.

PKs are not significantly altered in 
pregnancy; no change in dose is 
indicated. Placental transfer is 
moderate.

PKs are not significantly altered in 
pregnancy; no change in dose is 
indicated. Placental transfer is 
high.

AUC decreased during third trimester, 
compared with postpartum, but 
nearly all third-trimester subjects 
exceeded target exposure; no 
dosage change is indicated. 
Placental transfer is moderate.

PKs are not significantly altered in 
pregnancy; no dose change is 
indicated. Placental transfer is 
high.

PK data suggest increased exposure in 
pregnancy of 1.2-1.6 fold. Limited 
data suggest high placental transfer.

Limited PK studies suggest 20% 
reduced AUC in second trimester 
and 30% reduction in the third 
trimester. Placental transfer is 
unknown.

Twofold increase in birth defects ruled out, 2.2% birth defect 
prevalence (47 of 2141 births); clinical studies in humans 
(particularly children) show reversible bone demineralization 
with chronic use; with HBV coinfection, possible HBV flare 
when drug is stopped; monitor renal function secondary to 
potential toxicity.

A 1.5-fold increase in birth defects ruled out, with a 3.2% birth 
defect prevalence (137 of 4418 births). Short-term safety 
demonstrated for mother and infant; 3TC has antiviral 
activity against HBV; if  coinfected, HBV flare is possible if 
drug is stopped postpartum.

Twofold increase in birth defects ruled out, 2.3% birth defect 
prevalence; antiviral activity against HBV; if  coinfected, HBV 
flare is possible if  drug is stopped postpartum.

Twofold increase in birth defects ruled out, 3.0% birth defect 
prevalence (27 of 805 births); hypersensitivity reactions occur 
in "5% to 8% of nonpregnant persons; a much smaller 
percentage are fatal, usually associated with rechallenge. 
Patients should be educated regarding symptoms, and 
HLA-B*5701 testing identifies patients at risk.

1.5-fold increase in birth defects ruled out, 3.2% birth defect 
prevalence (129 of 4034 births). Short-term safety 
demonstrated for mother and infant. ZDV is associated with 
macrocytic anemia.

Human birth defect rate was 4.8% (20 of 418), compared with 
2.7% in the general population; no pattern of defects was 
discovered. Cases of lactic acidosis, some fatal, have been 
reported in pregnant women receiving ddl and d4T together; 
only use if  no other alternative is available.

Twofold increase in birth defects ruled out, 2.6% prevalence in 
birth defects (21 of 809 births); antagonistic with ZDV; 
cases of fatal lactic acidosis have been reported in pregnant 
women receiving ddl and d4T together.

Antiretroviral Pregnancy Registry (prospective) documented 
birth defects in 20 of 852 live births (2.3%) following 
first-trimester EFV exposure, including a single NTD with 
fetal alcohol syndrome and a single case of bilateral facial 
clefts, anophthalmia, and amniotic band (2.3% birth defect 
prevalence, twofold increase in overall birth defects ruled 
out). Retrospective data include six case reports of CNS 
defects following EFV exposure; however, a meta-analysis 
of more than 2000 first-trimester EFV-exposed live births 
showed no increase in overall birth defects (2.0%) and a 
single NTD (overall incidence 0.07%)/

Twofold increase in birth defects ruled out, 2.9% birth defect 
prevalence (31 of 1068 births); increased risk of 
symptomatic, rash-associated, potentially fatal liver toxicity in 
women with CD4+ counts >250/mm3 when initiating 
therapy; pregnancy does not increase this risk. Women who 
become pregnant while taking NVP-containing regimens but 
are tolerating them well should continue therapy 
independent of CD4+ count.

Fewer than 200 first-trimester exposures reported to the 
Antiretroviral Pregnancy Registry, precluding conclusions 
regarding birth defect risk.

The limited number of first-trimester exposures reported to the 
Antiretroviral Pregnancy Registry precludes conclusions 
regarding birth defect risk.

PK studies with RTV boosting during 
pregnancy suggests that standard 
dosing yields decreased AUC; 
however, for most pregnant 
women, no dose adjustment was 
needed. TDF reduces ATV AUC 
in all patients by 25%. Placental 
transfer is low.

Twofold birth defect increase ruled out, 2.2% birth defect 
prevalence (16 of 922 births). Neurodevelopmental delays 
have been reported in two studies. ATV-treated adults often 
have elevated indirect bilirubin levels; increased bilirubin was 
reported in some infants born to mothers receiving ATV, 
associated with UGT1A1 genotypes linked to decreased 
UGT function. Neonatal hypoglycemia has been reported in 
3 of 38 ATV-exposed infants.
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TABLE 53-4 COMMONLY USED ANTRIRETROVIRAL DRUGS IN PREGNANCY— cont'd___________________
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DRUG DOSAGE

Lopinavir/ritonavir (LPV/r; 
Kaletra), built in 
low-dose RTV boosting 
400/100 mg BID 

In second and third
trimesters, 600/150 mg 
BID

Ritonavir (RTV; Norvir), 
100 mg to 400 mg in 
one or two divided 
doses as PK enhancer

Saquinavir HGC (SQV; 
Invirase), use with PK 
enhancement (low-dose 
RTV), SQV 1000 mg + 
RTV 100 mg BID 

Indinavir (IDV; Crixivan), 
prescribe with low-dose 
RTV boosting (IDV 
800 mg + RTV 
100 mg) BID

Nelfinavir (NFV;
Viracept), 1250 mg 
BID

Darunavir (DRV; Prezista), 
PK enhancement 
required; ARV exp with 
mutations or pregnancy 
(DRV 600 mg + RTV 
100 mg) BID 

Fosamprenavir (FPV;
Lexiva)

Amprenavir prodrug; must 
use low-dose RTV 
boosting (FPV 700 mg 
+ RTV 100 mg) BID 

Tipranavir (TPV; Aptivus), 
low-dose RTV PK 
enhancement required 
(TPV 500 mg + RTV 
200 mg) BID 

Integrase Inhibitors 
Raltegravir (RAL;

Isentress), 400 mg BID

Dolutegravir (DTG;
Tivicay), 50 mg QD for 
INSTI-naive patients 

Elvitegravir (EVG; Stribild, 
which includes COBI/ 
TDF/FTC), 1 tablet 
daily ___________

FDA
PREGNANCY PHARMACOKINETICS IN
CATEGORY PREGNANCY

C Once-daily dosing is not
recommended in pregnancy. AUC 
is decreased in second and third 
trimesters with standard dosing. 
LPV/r 600 mg/150 mg BID 
resulted in AUC similar to that of 
nonpregnant adults receiving 
LPV/r 400 mg/100 mg.
Alternative strategy adds a 
pediatric LPV/r tablet 
(100/25 mg) to the standard adult 
dose. Placental transfer is low.

B RTV levels are reduced in pregnancy,
including low-dose RTV PK 
enhancement to boost the 
concentrations of other Pis. 
Minimal placental transfer to 
fetus.

B PK data suggest that 1000 mg SQV
HGC/100 mg RTV twice daily 
achieves adequate SQV drug levels 
in pregnant women. Placental 
transfer to fetus is minimal.

C Studies using IDV alone showed
markedly lower pregnancy levels, 
compared with postpartum, 
although HIV RNA suppression 
was seen. Use only with RTV PK 
enhancement. Placental transfer to 
the fetus is minimal.

B Using 625-mg tablets, lower AUC
and peak levels were seen in the 
third trimester versus postpartum; 
however, viral load was suppressed 
in most women. Placental transfer 
is minimal.

C Used in pregnancy with low-dose
RTV boosting; reduced third- 
trimester plasma concentrations 
have been observed. Placental 
transfer is low to moderate.

C W ith RTV boosting, AUC is reduced
in the third trimester; however, 
trough levels appear adequate for 
patients without PI resistance 
mutations. Placental transfer is 
low.

C Unknown rate of placental transfer to
fetus. Safety and PK data in 
pregnancy are insufficient to 
recommend use.

C PKs are variable in pregnancy;
however, there is no clear 
relationship between raltegravir 
concentration and virologic effect 
in nonpregnant adults. Placental 
transfer is high.

B No studies of DTG use in pregnancy
have been reported; placental 
transfer occurs in animals.

B No studies of EVG use in pregnancy
have been reported; breast milk 
secretion in animals has been 
reported. ____________ _______

PREGNANCY CONCERNS AND  
RECOMMENDATIONS

Twofold increase in birth defect ruled out, 2.2% birth defect 
prevalence (26 of 1174). Well-tolerated, short-term safety has 
been demonstrated in Phase I and II studies.

Limited experience at full dose in human pregnancy; this agent 
is currently used as low-dose RTV boosting with other Pis. 
No evidence of human teratogenicity (twofold increase in 
birth defects ruled out).

Well-tolerated, short-term safety has been demonstrated for 
mother and infant for SQV in combination with low-dose 
RTV boosting. Baseline ECG is recommended before 
starting because PR and/or QT interval prolongations have 
been observed.

Twofold increase in birth defect ruled out, 2.4% birth defect 
prevalence (7/289).

Pill burden and renal stone potential are concerns. In rhesus 
monkeys, neonatal IDV exacerbated transient physiologic 
hyperbilirubinemia; this was not seen following in utero 
exposure. Given limited data regarding dosing, trough drug 
levels should be monitored.

Twofold increase in overall birth defects ruled out; well- 
tolerated, short-term safety demonstrated for mother and 
infant; consider in special circumstances when alternative 
agents are not tolerated given extensive experience in 
pregnancy.

Experience in human pregnancy is limited with 2.3% (6 of 258 
births) birth defect prevalence. Once-daily dosing is not 
recommended in pregnancy, although 800 mg plus RTV 
100 mg twice daily is being investigated.

Data are insufficient to assess human teratogenicity. Unboosted 
FPV and once-daily dosing are not recommended in 
pregnancy.

Exposures are insufficient to establish birth defect prevalence.

Severe, potentially life-threatening and fatal skin and
hypersensitivity reactions have been reported in nonpregnant 
adults. One case of markedly elevated liver transaminases was 
reported with use in late pregnancy. This agent rapidly 
suppresses viral load, but experience in pregnancy is limited.

Exposures are insufficient to establish birth defect prevalence.

Exposures are insufficient to establish birth defect prevalence.

AUC, area under the curve; AZT, azidothymidine; BID, twice pet day; CNS, central nervous system; COBI, cobicistat; ECG, electrocardiograph; FTC, etntncitabme; H2 histamine 2; 
HBV, hepatitis B virus; HGC, hard gel capsule; INSTI, integrase strand transfer inhibitor; NRTI, nucleotide/nucleoside reverse transcriptase inhibitor; NTD, neural tube detect;
PI, protease inhibitor; PK, pharmacokinetic; QD, once pet day; UGT, uridine diphosphate glucuronosyltransferase; UGT1AI, uridine diphosphate glucuronosyltransferase 1.
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1108 Section VI Pregnancy and Coexisting Disease

information for ongoing patient care, and results can be used to 
modify treatment if  needed. Early initiation of therapy is based 
on the knowledge that comprehensive regimens that comprise 
antepartum and intrapartum maternal treatment and postpar
tum infant treatment provide the best protection against peri
natal HIV transmission. Additionally, the European National 
Study of HIV in Pregnancy and Childhood demonstrated that 
with longer duration o f antenatal ARV prophylaxis, start
ing prior to 28 weeks’ gestation, each additional week o f 
therapy corresponds to a 10%  reduced risk o f HIV trans
mission after adjusting for viral load, mode o f delivery, and 
sex o f the infant. Moreover, expanding infant postexposure 
prophylaxis does not fully substitute for the protective effect 
of increased maternal ART duration, which also supports early 
effective maternal treatment. Women with undetectable viral 
loads should also receive cART because their risk of perinatal 
transmission is 9.8% if  untreated.9

Nucleoside/Nucleotide Reverse Transcriptase Inhibitors
Nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) 
are used within combination regimens that usually include 
two NRTIs with either an NNRTI, INSTI, or a PI. Tenofovir 
(TDF)-emtricitabine (FTC) is the preferred NRTI backbone in 
treatment-na'ive nonpregnant adults, and Table 53-3 shows rec
ommended NRTI backbones for ARV-naive pregnant women. 
FTC is the biologically active form of lamivudine (3TC), thus 
these drugs can be used interchangeably, and there is no benefit 
to using FTC and 3TC together. Abacavir (ABC) is associ
ated with hypersensitivity reactions. Human leukocyte antigen 
B (HLA-B) *5701 testing identifies patients at risk; testing 
should be performed and documented prior to initiating this 
therapy, and NRTIs are described in Table 53-4. ZDV and 
3TC remain a preferred treatment option for treatment-naive 
pregnant women, despite their toxicity, secondary to extensive 
experience. All NRTIs bind to mitochondrial y-DNA poly
merase, potentially causing dysfunction that manifests as 
clinically significant myopathy, cardiomyopathy, neuropa
thy, lactic acidosis, or fatty liver—which resembles hemoly
sis, elevated liver enzymes, low platelets (HELLP) syndrome. 
Lactic acidosis and hepatic failure have been noted with long
term combined stavudine and didanosine use, linked to a genetic 
defect in mitochondrial fatty acid metabolism; therefore this 
regimen should not be used in pregnancy.' Mitochondrial 
toxicity has been observed in children born to HIV-infected 
mothers treated with NRTIs, although no increase in mortality 
was observed.

Nonnucleoside Reverse Transcriptase Inhibitors
Nonnucleoside reverse transcriptase inhibitors (NNRTIs) are 
typically used with two NRTIs. Efavirenz (EFV) remains the 
preferred NNRTI in pregnancy; however, tolerability concerns 
and potential suicidality association led to reclassification to an 
alternative regimen in nonpregnant adults. EFV is associated 
with a 2.3% birth defect incidence following first-trimester 
exposure91; however, EFV remains classified as U.S. Food and 
Drug Administration (FDA) pregnancy category D based on 
retrospective studies that have reported central nervous system 
(CNS) defects. Current perinatal HIV treatment guidelines 
support initiation o f EFV after the first 8 weeks o f preg
nancy.7 Continuing EFV in virologically suppressed women 
who present for care in the first trimester is also endorsed because 
the potential neural tube defect risk is restricted to the first 5 to

6 weeks of pregnancy. This recommendation considers the low 
likelihood of early pregnancy diagnosis, potential loss of viral 
control if  ARV drugs are changed, and the increased perinatal 
HIV transmission risk associated with therapy interruption in 
the first trimester (4.8% ).7 Nevirapine (NVP) is no longer rec
ommended based on its low resistance barrier, high potential for 
adverse events, and complex lead-in dosing. NVP should not be 
used for initial treatment in ART-naive pregnant women with 
CD4+ cell counts greater than 250 cells/mm3; however, it is safe 
to continue this drug in women who become pregnant while 
taking NVP-containing regimens.

Protease Inhibitors
Protease inhibitors (Pis) are characterized by minimal transpla
cental passage and few adverse side effects, and they are typically 
paired with two NRTIs. These drugs are ideal for patients who 
require therapy initiation prior to receiving genotyping results 
because Pi-resistant viruses in ARV-naive patients are uncom
mon. And because their short half-life protects against the emer
gence of resistance with therapy discontinuation, Pis are also a 
good choice for women who may discontinue therapy postpar
tum; however, these agents are associated with hyperglycemia in 
adults, although pregnancy does not seem to increase hypergly
cemia.10 An early glucose challenge test followed by repeat 
testing after 28 weeks is reasonable in high-risk patients. Con
flicting data exist regarding preterm delivery in women who 
receive Pis. During pregnancy, lower serum concentrations of 
lopinavir/ritonavir (LPV/r), atazanavir (ATV), and nelfinavir 
(NFV) have been reported; pregnancy-adjusted dosage regimens 
are detailed in Table 53-47 Pharmacokinetic (PK) enhancers or 
boosters— cobicistat (COBI) or low-dose ritonavir, as well as the 
INSTI elvitegravir (EVG)— improve the PK profiles of several 
of these drugs via cytochrome (CY) P3A4 inhibition. Although 
more experience has been reported in pregnancy using ritonavir 
PK enhancement, multiple fixed-dose combination (FDC) 
products that incorporate cobicistat are available. Thus providers 
are likely to encounter women entering pregnancy using 
cobicistat-containing regimens.

Integrase Strand Transfer Inhibitors
INSTIs are a recently developed class of ARV drugs inhibiting 
HIV integrase, the enzyme catalyzing insertion of HIV DNA 
into the human cell genome. Integration is required for replica
tion and stable maintenance of the viral genome, also enabling 
the establishment of persistent infection. Enzymatic activity 
consists of two steps: a preparatory step excising two nucleotides 
from one strand at both ends of the HIV DNA and a final 
“strand transfer” step inserting viral DNA into an exposed region 
of cellular DNA. Current integrase inhibitor drugs target the 
second integration step, strand transfer. Because HIV integrase 
represents a distinct therapeutic target, integrase inhibitors are 
expected to maintain activity against HIV that is resistant to 
other classes of ARV drugs. INSTIs are characterized by their 
ability to rapidly reduce HIV viral load. Raltegravir (Isentress, 
RAL) is FDA pregnancy category C and a component of the 
preferred INSTI regimen in pregnancy.

Hepatitis Coinfection
All HIV-infected women should be screened for hepatitis B 
virus (HBV) and hepatitis C virus (HCV) unless they are 
already known to be infected. Recommended screening is via 
antibody detection, and for HIV-infected women, HBV
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TABLE 53-5 P R O P H Y LA C T IC  A N T IB IO T IC  R E G IM E N S  FOR C O M M O N  O P P O R T U N IS T IC  IN F E C T IO N S

CONDITION INDICATION FOR PROPHYLAXIS ANTIBIOTIC REGIMEN

Pneumocystis j i r o v e c i  pneumonia 
Toxoplasma g o n d ii  encephalitis 
M ycobacterium  tuberculosis infection (i.e., 

treatment of latent infection) 
Disseminated M ycobacterium  av ium  complex 

disease 
Cryptococcosis

Prior infection or CD4 <200/mm3 
CD4 <100/mm3, Toxoplasma IgG+ 
+PPD >5 mm
No active disease on chest radiograph 
CD4 <50/mm3

CD4 <50/mm3

TMP-SMX 1 DS tablet QD indefinitely 
TMP-SMX 1 DS tablet QD indefinitely 
300 mg INH and 50 mg pyridoxine QD for 9 months

1200 mg azithromycin weekly

Prophylaxis is not recommended in the absence of documented 
infection; patients treated for acute cryptococcal infection 
should receive 200 mg fluconazole QD indefinitely.

From Panel on Opportunistic Infections in HIV-Infected Adults and Adolescents. Guidelines for the prevention and treatment of opportunistic infections in HIV-infected adults and 
adolescents: recommendations from the Centers for Disease Control and Prevention, the National Institutes of Health, and the HIV Medicine Association of the Infectious Diseases
Society o f  A m e r ic a .  A v a ila b le  a t  h t tp : / /a id s in fo .n ih .g o v /c o n te n t f i le s / lv g u id e l in e s /a d u lt_ o i.p d f .

DS, double strength; IgG, immunoglobin G; INH, isoniazid; PPD, purified protein derivative; QD, once per day; TMP-SMX, trimethoprim-sulfamethoxazole.

screening should include hepatitis B surface antigen (HBsAg), 
anti-HBs, and anti-HBc (hepatitis B core). Women with nega
tive screens should receive the HBV vaccine series. Women 
found to be HBV coinfected should receive ART that uses an 
NRTI backbone with two drugs active against HIV and HBV; 
TDF/3TC and TDF/FTC are the preferred NRTI backbones 
for HIV/HBV coinfected pregnant women. Women with HBV 
coinfection should have transaminase testing 1 month after ini
tiating ARV and every 3 months thereafter. Differentiating 
among an HBV flare, immune reconstitution, and drug toxicity 
can be challenging, and consultation with an expert in HIV and 
HBV coinfection is recommended. For prophylaxis, the infant 
should receive HBV immune globulin and the first dose of the 
HBV vaccine series within 12 hours of birth. H CV therapy is 
rapidly evolving, and some regimens are safe in pregnancy; 
therefore H CV coinfected women should be referred to a hepa- 
tologist for treatment evaluation. For coinfected patients, deliv
ery planning should be solely based on standard obstetric and 
HIV-related indications. Coinfected patients should be screened 
for hepatitis A virus (HAV); and women who are negative for 
FIAV IgG should receive the HAV vaccine series.

Opportunistic Infection Prophylaxis
Patients with a CD4 count below 200 cells/mm3 should also 
receive prophylaxis against opportunistic infections (OIs).
Transient CD4 count decreases may occur secondary to 
pregnancy-associated hemodilution; in these cases, the relative 
percent of CD4+ cells (see Table 53-2) can be used to guide 
decisions regarding OI prophylaxis. Prophylaxis regimens for 
Pneumocystis jirov eci pneumonia (PJP), toxoplasmosis, tubercu
losis (TB), Mycobacterium avium  complex (MAC), and crypto
coccosis are listed in Table 53-5; additional prophylaxis is listed 
in the Guidelines for the Prevention and Treatment of Oppor
tunistic Infection in HIV-Infected Adults and Adolescents.4 
Prophylactic pyridoxine is increased to 50 mg/day in pregnancy 
to prevent maternal and fetal neurotoxicity. W hen untreated 
HIV patients are diagnosed with a treatable OI— including 
TB, MAC, PJP, toxoplasmosis, histoplasmosis, HBV, cytomega
lovirus (CM V), varicella zoster virus (VZV), or cryptococcal 
meningitis— providers should be aware of the potential for 
immune reconstitution inflammatory syndrome (IRIS) when 
ART is started. In short, IRIS may be observed when the immune 
system begins to recover and responds to the previously acquired 
OI with an exaggerated inflammatory response. However, given 
the goal of reducing perinatal HIV transmission, ART should be 
started prior to or concurrent with OI treatment.11

BOX 53-3 FACTORS THAT INCREASE THE RISK 
OF PERINATAL HIV TRANSMISSION

H is to ry  o f p re v io u s  c h ild  w ith  HIV in fe c tio n
M o th e r w ith  A ID S
P re te rm  d e liv e ry
D ecreased m a te rn a l CD4 c o u n t
H igh  v ira l load
F irs tb o rn  tw in
C h o rio a m n io n it is
M o d if ia b le  fa c to rs  (c ig a re tte  s m o k in g , i l l ic it  d ru g  use, 

STDs, u n p ro te c te d  se xu a l in te rc o u rs e  w ith  m u lt ip le  
p a rtn e rs  d u rin g  p re g n a n cy )

In tra p a rtu m  b lo o d  e x p o s u re  (e.g., e p is io to m y , v a g in a l 
la ce ra tio n , fo rc e p s  d e liv e ry )

D e liv e ry  fo llo w in g  p ro lo n g e d  ru p tu re  o f  m e m b ra n e s  

B re a s tfee d in g

AIDS, acquired immune deficiency syndrome; HIV, human im m unodefi
ciency virus; STD, sexually transm itted disease.

Ongoing Management
In addition to routine prenatal care and evaluation, viral load 
should be performed monthly when starting a new medication 
regimen or when a change in viral load is detected. Patients on 
stable ART regimens and with suppressed viremia can have 
viral loads checked each trimester. CD4 counts can be per
formed every 3 to 6 months. Vaccinations for pneumococcus 
and influenza should be given as needed. Coordination of ser
vices among prenatal care providers, primary care and HIV 
specialty care providers, mental health and drug abuse treatment 
services, and public assistance programs are essential to ensure 
that infected women remain active participants in their care and 
that they adhere to their ARV drug regimens.

Factors That Influence Transmission
Perinatal HIV transmission risk is associated with ciga
rette smoking, illicit drug use, genital tract infections, and 
unprotected sexual intercourse with multiple partners during 
pregnancy. Elimination of modifiable risk factors reduces peri
natal HIV transmission and improves maternal health. Key 
factors that influence perinatal HIV transmission are listed in 
Box 53-3. Most perinatal HIV transmission occurs within 
the intrapartum period; thus effective cART or scheduled 
cesarean delivery in patients without viral suppression 
substantially reduces transmission. A minority of infected
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infants acquire HIV in utero, as characterized by an infant 
who is positive by polymerase chain reaction (PCR) testing at 
birth. Most studies were not designed or powered to prevent 
in utero HIV transmission, however data suggest that early, 
sustained control of viral replication prevents in utero HIV 
transmission. The study evaluated perinatal transmission risk 
factors in women with HIV RNA of fewer than 500 copies/ 
mL at delivery; the overall HIV transmission rate was 0.5% 
in this population. HIV transmitters were less likely to have 
received ARV drugs at the time of conception than non
transmitters. Moreover, HIV transmitters were less likely to 
have HIV RNA of fewer than 500 copies/mL at 14, 28, and 
32 weeks of gestation. Among women starting ARV during 
pregnancy, viral load decreased earlier in nontransmitting 
women, and both groups initiated therapy at the same time 
(30 weeks’ gestation). This suggests that early and sustained 
control o f viral replication is associated with decreased 
HIV transmission, which supports cART initiation as 
early in pregnancy as possible for all women not treated 
preconceptionally. 12

HIV treatment reduces maternal disease progression, and 
both ART and viral load at delivery are independent risk factors 
for HIV transmission; therefore ART is recommended for 
all women, independent o f viral load suppression. In addi
tion to maternal benefit, this strategy protects neonates born 
following spontaneous rupture of membranes (SROM) or spon
taneous labor that occurs prior to a planned elective cesarean 
delivery. Mechanisms of protection include using ARVs with 
good placental transfer and permitting adequate systemic drug 
levels to be reached in infants at birth. This is likely important 
when the infant is exposed to virus within the birth canal and 
is the recipient of a maternal-fetal blood transfusion during 
uterine contractions. ARVs can also decrease genital tract viral 
load and can be excreted into genital tract secretions; ZDV 
and 3TC are present at high concentrations within genital 
secretions, another potential mechanism of protection against 
HIV transmission. Most perinatal HIV transmission in the 
United States occurs in women who are not known to be 
HIV infected prior to the birth o f their child. Given this 
knowledge, it is critical to emphasize the importance of prena
tal care, universal HIV testing, and strategies to diagnose acute 
HIV infection in late pregnancy and prior to delivery and breast 
feeding.

Invasive Prenatal Testing
If invasive prenatal diagnostic testing is desired, the risks and 
benefits should be discussed and referral to a genetic counselor 
made (see Chapter 10). One study assessed vertical HIV trans
mission following amniocentesis; 1 of 61 infants was infected, 
which was not significantly different than the transmission rate 
in women who defer amniocentesis.13 A second prospective 
cohort study reported no increase in mother-to child transmis
sion (M TCT) rates in the 162 women who underwent amnio
centesis (of 9302 HIV-infected pregnancies); moreover, no cases 
of M TCT were identified in 81 women who received ART 
at the time of amniocentesis.14 Larger studies are needed to 
better estimate the risk of HIV transmission following amnio
centesis or chorionic villus sampling. However, evidence to date 
suggests no increased risk of HIV transmission in women with 
fully suppressed viral loads. Consideration can also be given 
to noninvasive screening tests such as cell-free fetal DNA (see 
Chapter 10).

Intrapartum  M anagem ent of Human  
Im m unodeficiency Virus
Intrapartum IV ZDV is no longer recommended for HIV- 
infected women who receive a combination ARV with 
sustained viral suppression (HIV RNA consistently <1000 
copies/mL during late pregnancy) and no medication adher
ence concerns.14 All HIV-infected women should continue 
ART during the intrapartum period, both for maternal health 
and to reduce perinatal transmission. Intrapartum ZDV is no 
longer recommended in virally suppressed women because ZDV 
therapy to reduce perinatal HIV transmission in cART-treated 
women has not been evaluated in randomized clinical trials. In 
addition, multiple studies have shown extremely lim ited perina
tal HIV transmission in women with HIV RNA of fewer than 
1000 copies/mL who did not receive intrapartum ZDV. Thus 
the newest perinatal HIV treatment guidelines suggest intra
partum ZDV administration consistent with the elective 
cesarean delivery recommendations. For virally suppressed 
patients, neither intervention is expected to further reduce peri
natal HIV transmission. Clinicians may also elect to use intra
partum IV ZDV based on clinical judgment.

For intrapartum patients with viral loads greater than 1000, 
IV ZDV should be given as a loading dose of 2 mg/kg admin
istered over 1 hour, followed by a maintenance dose of 1 mg/ 
kg/hr. Other ART should be taken with a sip of water except 
stavudine, which is antagonistic to ZDV, therefore it should be 
withheld. ZDV should be given independent of maternal resis
tance; it crosses the placenta readily and is metabolized to the 
active triphosphate form within the placenta, which provides 
prophylaxis to the infant both before and after exposure. When 
delivery is indicated for obstetric reasons, delivery must not be 
delayed for ZDV administration.

During labor, every effort should be made to avoid instru
mentation that increases the neonate’s exposure to infected 
maternal blood and secretions. Recommendations include 
leaving the fetal membranes intact as long as possible, avoiding 
fetal scalp sampling and fetal scalp electrode placement, and 
reserving episiotomy and assisted vaginal delivery for select cir
cumstances. If SROM occurs, augmentation and/or induction 
of labor with pitocin should not be delayed. In cases of uterine 
atony, methergine should be avoided if  possible. Pis are CYP3A4 
inhibitors, and concomitant ergotamine use is associated with 
exaggerated vasoconstrictive responses. NNRTIs are CYP3A4 
inducers that have the potential to decrease methergine levels 
and result in inadequate treatment effect.7

Elective Cesarean Delivery
Scheduled cesarean delivery at 38 weeks’ gestation, con
firmed by early ultrasonography, is recommended for women 
with HIV RNA levels greater than 1000 copies/mL and for 
women with unknown HIV RNA levels near the time of 
delivery. Patients should receive IV ZDV for 3 hours prior to 
surgery, and prophylactic antibiotics should be administered. 
These recommendations are based on studies conducted when 
the majority of HIV-infected women received ZDV monother
apy or no ART, whereas a more recent study of 4864 European 
women showed that the perinatal HIV transmission rate in 
women who received at least 14 days of ART was 0.8% regard
less of the mode of delivery.12 CD after onset of labor or SROM 
does not protect against HIV transmission, so delivery for 
obstetric indications is recommended in these patients irrespec
tive of viral load.
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Scheduled CD is not indicated to prevent HIV transmis
sion in women receiving cART who have plasma HIV RNA 
levels below 1000 copies/mL. Perinatal HIV transmission in this 
group of women is 1.0% or less, and no evidence to date suggests 
any benefit from scheduled CD in patients receiving cART with 
virologic suppression. Tim ing and route of delivery influence 
maternal and neonatal morbidity, and HIV-infected women 
have increased morbidity and mortality following CD. The risk 
of complications is related to the degree of immunosuppres
sion and receipt of suppressive cART. Vaginal delivery has the 
lowest risk of maternal morbidity, scheduled CD is associated 
with an intermediate risk, and urgent CD has the highest risk 
of postpartum morbidity.715 Neonatal adverse event risk at 38 
weeks’ gestation that includes death, respiratory complications, 
hypoglycemia, sepsis, or neonatal intensive care unit (NICU) 
admission is 11%, compared with 8% at 39 weeks’ gestation; 
furthermore, infants of HIV-infected mothers have a 4.4% 
risk of respiratory distress syndrome (RDS) following sched
uled CD, compared with 1.6% after vaginal delivery. Given 
the increased risk of maternal and neonatal adverse events, it 
is critical to appropriately counsel patients and to respect the 
patient’s autonomy in decision making regarding the route of 
delivery. In addition, scheduled CD in women with HIV RNA 
less than 1000 should be performed at 39 weeks or for standard 
obstetric indications.

Spontaneous Rupture of Membranes
Increasing duration of ruptured membranes is associated with 
perinatal HIV transmission, but the incremental increased risk 
of transmission is not clinically significant. Meta-analysis of 
4721 deliveries determined that the risk of HIV transmission 
increases by 2% over the baseline transmission risk (after adjust
ing for all other factors that influence transmission) for each 
hour increment following rupture of membranes.16 Presuming 
a patient on ART with an undetectable viral load has a baseline 
perinatal HIV transmission rate of 2%, the risk of transmission 
after 1 hour of ruptured membranes would be 2.04% , and after
8 hours, the risk of HIV transmission would be 2.32%. Given 
that prolonged SROM does not appreciably increase HIV trans
mission risk in term patients, we do not recommend elective 
CD because it is unlikely to reduce perinatal HIV transmission 
risk in patients being actively managed using oxytocin for aug
mentation or induction.

Untreated Women
For HIV-infected women who do not receive ART before labor, 
IV ZDV should be given during labor. Maternal single-dose 
NVP is not recommended because there is no added efficacy 
and a high likelihood of maternal harm, specifically the emer
gence of a resistant virus. The safest, most effective option to 
reduce perinatal HIV transmission in this setting is expanded 
infant prophylaxis.7 These patients should be referred for HIV 
care postpartum.

Intrapartum Testing
Rapid HIV testing should be performed for all laboring 
women without documented HIV status during pregnancy
unless the patient declines (opt-out screening) because 40% to 
85% of HIV-infected infants in the United States are born to 
women whose HIV status is unknown prior to delivery. Women 
with positive rapid HIV testing should be given intrapartum IV 
ZDV immediately, without awaiting confirmatory testing, and

the pediatrician should be alerted to begin postpartum infant 
prophylaxis.7 Following confirmatory HIV antibody testing, 
these women should receive appropriate assessments to deter
mine their health status, including a CD4 T-lymphocyte count 
and HIV-1 RNA viral load, and arrangements should be made 
for establishing HIV care and for providing ongoing psychoso
cial support after discharge.

Postpartum Care of W om en w ith  Human 
Immunodeficiency Virus
Ideally, women should establish a relationship with an 
HIV-medicine provider during the latter part of pregnancy to 
transition into ongoing care after delivery. Guidelines for man
aging HIV infection in adults recommend cART for all 
infected individuals to reduce the risk o f disease progression 
and to prevent HIV transmission, presuming patients are 
willing and able to commit to therapy and understand the 
importance o f adherence. This recommendation is based on 
growing evidence that uncontrolled viremia is associated with 
the development of non-AIDS-defining diseases that include 
cardiovascular, renal, and liver diseases; neurologic complica
tions; and malignancies.5

Further support is provided by two studies that show delayed 
disease progression in women who continue cART postpartum. 
However, the postpartum period poses unique challenges to 
adherence secondary to the demands of caring for a newborn. 
Factors to consider regarding postpartum therapy include 
current treatment guidelines that recommend cART for all HIV- 
infected individuals to reduce pretreatment CD4 cell counts and 
trajectory, HIV RNA levels, and adherence issues, and thereby 
reduce the risk of disease progression and transmission; however, 
any therapy must consider partner HIV status, future childbear
ing plans, and patient preference.x7

For patients who continue cART postpartum, standard medi
cation doses can be used immediately following delivery that 
predominantly affects Pis. If ART is discontinued following 
delivery, all drugs should be stopped simultaneously unless the 
patient is on a regimen that contains an NNRTI. Women who 
receive NNRTI-based regimens should continue the dual-NRTI 
backbone for at least 7 days after stopping the NNRTI to reduce 
the development of NNRTI resistance. An alternative, more con
servative strategy is to replace the NNRTI with a PI while con
tinuing the NRTIs then to discontinue all the drugs at the same 
time. The optimal interval between discontinuing an NNRTI 
and stopping the other ARV drugs is unknown, but at least 7 
days is recommended. Drug concentrations may be detectable 
for more than 3 weeks after EFV discontinuation; therefore some 
experts recommend continuing other ARV agents or substituting 
a PI for EFV in addition to the other agents for up to 30 days.7

Infant and maternal postpartum ARV prophylaxis signifi
cantly lowers, but does not completely eliminate, the risk of 
postnatal HIV transmission through breast milk. Studies to 
discern this were performed in areas of the world where formula 
feeding is not a viable alternative. Because the benefits o f 
breastfeeding in the United States do not outweigh the risk 
o f HIV transmission, breastfeeding is not recommended for 
HIV-infected women in the United States. Contraceptive 
counseling is a critical aspect of postpartum care. Women should 
be offered highly effective contraceptives that include long-term 
reversible methods, implants, injectables, and intrauterine 
devices (lUDs) to be used in conjunction with condoms to 
prevent unintended pregnancy.
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1112 Section VI Pregnancy and Coexisting Disease

Infant Screening and Diagnosis
Because the fetus receives maternal IgG by transplacental 
passage, serologic tests of the HIV-exposed neonate will almost 
always be positive. In infants, the diagnosis of HIV infection is 
made by PCR amplification of HIV DNA (more sensitive for 
the neonatal period) or RNA assays. Virologic tests to diagnose 
HIV infection should be performed within the first 14 to 21 
days of life, at 1 to 2 months, and at 4 to 6 months of age. Two 
positive tests on different specimens, excluding cord blood, are 
required to diagnose HIV infection; one positive test is a pre
sumptive diagnosis. HIV is presumptively excluded with two 
negative tests, one at age 14 days or older and the second at age 
1 month or older. Definitive exclusion in a non-breastfed infant 
is based on two negative tests at age 1 month or older and at 
age 4 months or older. Further details on case definitions for 
HIV infection are available from the CD C at www.cdc.gov.17

Preconception Counseling for W om en W ith  
Human Immunodeficiency Virus
Providers should discuss childbearing intentions, including 
preconception counseling and care, with all patients in a 
nonjudgmental manner as recommended by the ACOG and 
the CDC. Issues relevant to HIV-infected women include HIV 
disease status assessment, hepatitis status assessment, the need 
for prophylaxis or treatment of opportunistic infections, and 
evaluating and potentially changing therapy based on the effec
tiveness and teratogenic potential of drugs in the ARV regimen. 
Because approximately half of all pregnancies in the United 
States are unintended, avoiding drugs with teratogenic potential 
(i.e., EFV) in women of reproductive age should be considered. 
HIV-infected women are recommended to attain a stable, maxi
mally suppressed viral load prior to conception, because early 
and sustained control of HIV replication is associated with 
maximally decreasing perinatal transmission and also reduces 
sexual transmission.' Counseling should review (1) the influence 
of HIV on pregnancy; (2) appropriate contraceptive options 
that reduce the likelihood of unintended pregnancy, because 
ART reduces hormonal contraceptive efficacy (predominantly 
NNRTIs and Pis); and (3) safe sexual practices that minimize 
the risk of acquiring sexually transmitted infections or acquiring 
more virulent or resistant HIV strains.7 The perinatal treatment 
guidelines contain detailed, specific information regarding ARV 
and hormonal contraceptive interactions. Depot medroxypro
gesterone acetate (DMPA) can be used without restriction with 
all ARV, whereas other contraceptives are influenced by ARVs.7 
Women contemplating pregnancy should take a daily multivi
tamin that includes 400 mg of folic acid to help prevent birth 
defects.

Human Immunodeficiency Virus 
Discordant Couples
HIV-uninfected pregnant women with HIV-infected partners 
may present for consultation. Recommendations are to review 
and encourage safe sexual practices, including consistent use 
o f barrier contraception, preexposure prophylaxis (PrEP), 
and a plan for HIV screening. As a high-risk patient, first- and 
third-trimester screening is appropriate. This does not need to 
include viral load determination, because fourth-generation 
screening protocols are sufficiently sensitive and have a lower 
false-positive rate. If women present to labor and delivery 
without documented negative serology at 36 weeks, rapid intra
partum testing should be performed. Women should also be

counseled to recognize the signs and symptoms of acute HIV 
infection and should be advised to seek immediate care if  they 
experience these symptoms.

Consultation in the preconception period should include 
screening and treatment of genital tract infections in both part
ners, because inflammation is associated with viral shedding and 
increased HIV acquisition for both partners. The HIV-infected 
partner should be on an ARV regimen with maximal or com
plete suppression of viral load, which reduces sexual transmis
sion by as much as 96% .5 Methods of safe conception depend 
on which partner is HIV infected. For an HIV-infected woman, 
the safest conception method is artificial insemination. This can 
be performed in the periovulatory period by the patient at home 
using a syringe. In discordant couples with an HIV-infected 
man, the safest reproductive option is using donor sperm from 
an HIV-uninfected man. If this is not acceptable, semen analysis 
is recommended (HIV and ARV may reduce sperm count and 
quality) to prevent unnecessary exposure to infectious genital 
fluid if  the likelihood of getting pregnant is low. Sperm prepara
tion techniques coupled with intrauterine insemination (with or 
without ovulation induction), in vitro fertilization, or intracy- 
toplasmic sperm injection has been reported to be effective in 
avoiding seroconversion in uninfected women and offspring. 
The National Perinatal HIV Hotline (1-888-448-8765) is a 
resource for a list of institutions that offer reproductive services 
for HIV-serodiscordant couples. In patients without resources 
to enable assisted reproductive technology, timed periovulatory 
unprotected intercourse (condoms should be used at all other 
times) with a maximally suppressed partner may reduce sexual 
HIV transmission.

Periconception preexposure prophylaxis (PrEP) may m ini
mize HIV transmission risk within discordant couples. PrEP is 
the use o f ARV medications by HIV-uninfected individuals 
to maintain blood and genital drug levels sufficient to prevent 
HIV acquisition. Whereas studies have demonstrated that PrEP 
reduces the risk of HIV acquisition in both men and women, 
with minimal risk of incident ARV resistance, others have not 
shown benefit, likely related to adherence issues. One study that 
investigated PrEP with timed intercourse gave oral TDF at the 
luteinizing hormone peak with a second oral dose 24 hours later. 
None of the women became HIV infected, and pregnancy rates 
were high, plateauing at 75% after 12 attempts. Combination 
TDF/FTC, currently being evaluated in ongoing trials, is recom
mended for anyone at ongoing risk of HIV acquisition. Preg
nancy is not a contraindication to PrEP.

Counseling and Coordination of Care
Ongoing care o f the HIV-infected pregnant woman is 
enhanced by having a multidisciplinary team, which may 
include physicians, social workers, a nutritionist, psycholo
gists, and peer counselors. Management should include fre
quent visits and ongoing discussion regarding adherence to 
medication regimens to prevent the development of resistance 
to ARV therapy and to reduce perinatal HIV transmission. 
Patients should be counseled about the impact of HIV infection 
on pregnancy, including the risk of perinatal transmission, side 
effects of medications, potential methods of delivery, and treat
ment options. Studies have shown that pregnancy does not 
affect the progression o f HIV disease. It is unclear whether 
ART influences preterm delivery, although some reports have 
shown an increased risk. However, a recent prospective cohort 
study of over 800 patients who received cART between 2002
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and 2008 did not find an increased incidence of preterm birth 
in women who received P is.18 Although a potential increased 
risk of preterm birth with ART cannot be fully ruled out, the 
clear maternal health benefits and reduced perinatal HIV trans
mission support the use of ART during pregnancy. Ascertaining 
whether the patient has disclosed her HIV serostatus to sex and 
needle-sharing partners is appropriate. Addressing barriers that 
prevent disclosure, including recommendations and/or referral 
for assistance regarding how to safely disclose HIV serostatus, is 
warranted. Some state and local governments require that clini
cians report any known partners of HIV-infected patients to the 
local health department; thus providers should be aware of regu
lations that will influence their practice.

For both HIV-infected and exposed women, HIV prevention 
should be discussed using a straightforward, nonjudgmental 
approach. Ongoing risk identification should be performed that 
includes sexual behaviors, IV drug use, sexually transmitted 
diseases, and untreated psychiatric issues that potentially increase 
a persons likelihood of engaging in risky behaviors. Behavior 
interventions, treatment, and avoidance of risk factors should be 
discussed, emphasizing the importance of consistent condom 
use and consideration of PrEP even though ART decreases the 
risk of HIV transmission. Although no reliable data on HIV 
serodiscordance rates in the United States exist, data on women 
from sub-Saharan Africa show that women in serodiscordant 
relationships may be particularly vulnerable to HIV infection.7

INFLUENZA  
Virology and Epidemiology
Influenza is in the Orthomyxoviridae family, which includes the 
genera Influenzavirus A, Influenzavirus B, and Injiuenzavirus C. 
Influenza B and C are found almost exclusively in humans, 
whereas the host range of influenza A includes mammalian and 
avian species. Influenza virus has a negative-stranded, segmented 
RNA genome that enables reassortment, the rearrangement of 
viral gene segments in cells infected with two different influenza 
viruses. This results in the rapid generation of new influenza 
virus strains (recombinants), which have been responsible for 
pandemic outbreaks, and is termed antigenic shift. Point muta
tions within the viral genome result in minor, gradual antigenic 
changes defined as antigenic drift. These genetic strategies, com
bined with a wide host range and our inability to generate a 
protective immune response against the entire genera, enable 
influenzavirus to remain an important pathogen that requires 
annual vaccination. The World Health Organization (WHO) 
and U.S. Public Health Service recommend strains to be 
included in the annual vaccine based on recent prevalence.

Influenza viruses are enveloped; hemagglutinin (H or HA) 
and neuraminidase (N or NA) viral glycoproteins are present on 
the surface, and the virus capsid proteins are M l and M 2. HA 
binds the cell surface receptor (neuraminic acid), is highly anti
genic, and is the target of neutralizing antibodies that protect 
against infection. NA does not induce neutralizing antibodies; 
however, antibodies that recognize NA are disease suppressive 
but permit infection. NA cleaves sialic acid from the infected 
cell surface, which facilitates virus release (budding) from these 
cells, and it may remove sialic acid from mucin, enabling cell- 
free virus to reach epithelial cells. Viral entry begins when HA 
binds the cell receptor, followed by endocytosis of the viral 
particle. W ithin the endocytic compartment, low pH triggers 
conformational changes in HA, which are required for fusion.

Viral uncoating also requires M2, an ion channel protein that 
permits influx of H+ ions into the virus particle, which enables 
the viral nucleoprotein to enter the cytoplasm.

Influenza strains are named according to their genus (type), 
the species from which the virus was isolated (omitted if  human), 
and the H and N subtypes. H subtypes confer species specificity, 
and there is only a single NA subtype for influenza B. Influenza 
is spread by respiratory droplets, is highly contagious, and 
occurs as an epidemic typically during the winter months. 
Approximately 50 million cases occur annually in the United 
States. Children younger than 2 years old and the elderly have 
the highest hospitalization rates. In 2009, a novel influenza A, 
H1N1, emerged secondary to complex genetic reassortment. A 
unique pandemic ensued; 90% of hospitalizations and 87% of 
deaths occurred in people younger than 65 years. In addition, 
788 pregnant women with confirmed or probable H1N1 that 
resulted in 280 intensive care unit (ICU) admissions and 56 
deaths were documented during this pandemic. The docu
mented case reports potentially underreport infection and over
estimate the prevalence of severe illness. The influence of this 
pandemic can be extrapolated from the mortality rate; 5% o f 
H1N1-related deaths occurred in pregnant women, which 
represented only 1% o f the population; this suggests that 
pregnant women infected with influenza had an elevated risk 
o f serious illness and death, according to multiple published 
studies.1 '20

Clinical Manifestations
Influenza viruses cause acute upper respiratory tract illness, char
acterized by the abrupt onset of fever, chills, headache, myalgias, 
malaise, a dry cough, and nasal discharge. GI manifestations and 
conjunctivitis can also be present. The incubation period ranges 
from 1 to 5 days, and most cases of influenza are self-limited. 
Complications include pneumonia, which occurs in up to 12% 
of influenza-infected pregnant women,21 along with Reye syn
drome and disseminated intravascular coagulation (DIC). 
Changes in the immune, cardiac, and respiratory systems likely 
increase the risk of severe illness in pregnant women infected 
with influenza.

Diagnosis
Rapid influenza diagnostic tests (RIDTs) are immunoassays that 
identify influenza A and B viral nucleoproteins in 15 minutes 
or less. RIDTs are very specific (90% to 95%) but the sensitivity 
is limited (10% to 70%), with the potential for false-negative 
results during periods of high influenza incidence. False-positive 
results occur when influenza is at low prevalence. Some RIDTs 
distinguish between influenza A and B, but they cannot deter
mine viral subtype. The optimal time of specimen collection is 
within 48 to 72 hours of illness onset. Confirmation is via 
RT-PCR, culture, ELISA, or immunofluorescence of respiratory 
secretions; immunofluorescence and RT-PCR have the most 
rapid turnaround.

M anagem ent of Influenza During Pregnancy
Pregnant women suspected to be infected with influenza 
should be treated immediately, independent o f vaccina
tion status, without waiting for diagnostic confirmation.
The recommended treatment for both seasonal and pandemic 
influenza infection is oseltamivir (Table 53-6); acetaminophen 
should be used as an antipyretic, and additional recommenda
tions regarding adjunctive therapy are presented in Chapter 38.
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TABLE 53-6 ANTIVIRAL MEDICATION DOSING RECOMMENDATIONS FOR INFLUENZA__________________________

ANTIVIRAL AGENT ACTIVITY ACTION USE DOSAGE DURATION CONTRAINDICATIONS

iU jS  Section VI Pregnancy and Coexisting Disease

Oseltamivir (Tamiflu) Influenza A and B NA inhibitor Treatment 75 mg BID 5 days None
Prophylaxis 75 mg QD 7 days

Zanamivir (Relenza) Influenza A and B NA inhibitor Treatment 10 mg BID inhaled 5 days Underlying respiratory disease
Prophylaxis 10 mg QD inhaled 7 days

Peramivir (Rapivab) Influenza A and B NA inhibitor Treatment 600 mg IV infusion Category C, limited
over 15 to 30 min experience in pregnancy,

_____________________________  use only if  clearly needed

BID, twice per day; NA, neuraminidase; QD, once per day.

BOX 53-4 RISK FACTORS FOR SEVERE ILLNESS 
AND DEATH IN INFLUENZA VIRUS-INFECTED 
PREGNANT WOMEN

Asthma
Smoking
Obesity
Chronic hypertension 
Delayed treatment

The preterm birth rate following pandemic H1N1 infection 
was 30%. Increased preterm parturition also occurs following 
seasonal influenza infection, so appropriate monitoring should 
be undertaken, particularly in women with respiratory compro
mise.19'22'23 Early antiviral treatment reduces the duration of the 
illness, secondary complications, and hospitalizations. Initiating 
treatment up to 5 days after symptom onset still confers benefit. 
The risk of severe illness and death is highest in the latter part of 
pregnancy, compared with the first trimester. Other risk factors 
are described in Box 53-4.19 22 The pregnancy-associated risk of 
illness persists for 2 weeks postpartum.

Chemoprophylaxis should be considered for high-risk, unvac
cinated women exposed within 48 hours of presentation (see 
Table 53-6). Alternative therapy for infection includes amanta
dine or rimantadine, both of which block M 2 channel activity 
in influenza A. However, significant viral resistance to these 
drugs limits their effectiveness. To prevent maternal influenza 
infection and associated perinatal morbidity and mortality, 
both the ACOG and the CDC recommend annual vaccina
tion o f all pregnant women during influenza season (October 
to May) using the intramuscular inactivated vaccine.24 Mater
nal vaccination also protects infants up to 6 months of age from 
influenza infection, has no adverse fetal effects, and is safe in 
breastfeeding women. The intranasal vaccine contains live 
virus and should n o t  be used during pregnancy. The optimal 
time to vaccinate patients is in October and November to m ini
mize the risk of acquiring influenza. However, vaccination is safe 
and effective at any time of the year and at any gestational age.

PARVOVIRUS  
Virology and Epidemiology
Parvoviruses are small, nonenveloped viruses that contain 
negative-stranded DNA that encodes two major genes: the REP, 
or NS, gene encodes functions required for transcription and 
DNA replication; and the CAP, or S, gene encodes the coat 
proteins VP1 and VP2. Parvovirus B19 was identified in the 
1970s in blood bank specimens and was first linked to sickle cell 
disease patients with transient aplastic crisis. Parvovirus B19 was 
then associated with fifth disease, or erythema infectiosum (El),

and was later linked to hydrops fetalis. Parvoviruses preferen
tially infect rapidly dividing cells, which explains the observed 
fetal and neonatal susceptibility. Parvovirus B19 infection is 
restricted to humans, and the cellular receptor is erythrocyte P 
antigen, which explains the propensity of this virus to infect red 
blood cells and their precursors. P antigen is also expressed on 
megakaryocytes, endothelial cells, placenta, fetal liver, and fetal 
heart. Parvovirus B 19 is spread via respiratory droplets, infected 
blood products, with hand-to-mouth contact, and perinatally. 
The incubation period ranges from 4 to 20 days following expo
sure. Seroprevalence increases with age, and 65% of pregnant 
women have evidence of prior infection and are immune. Con
versely, susceptible women have approximately a 50% risk of 
seroconversion following exposure to parvovirus B19. Daycare 
workers, teachers, and parents have all been shown to be at 
increased risk of seroconversion.

Clinical Manifestations
The most common presentation o f B19 parvovirus infection 
is El, which is characterized by a facial rash consistent with 
a slapped-cheek appearance and a reticulated or lacelike rash 
on the trunk and extremities (Fig. 53-2). The rash is immune- 
complex mediated and may reappear secondary to temperature 
changes, sunlight exposure, and stress for several weeks. Infec
tion can also be accompanied by fever, malaise, lymphadenopa- 
thy, and symmetric peripheral arthropathy. The hands are most 
frequently affected followed by the knees and wrists. Symptoms 
are typically self-limiting but may last for several months. 
Asymptomatic infection occurs 20% of the time. Persistent par
vovirus infection is rare and presents as pure red cell aplasia in 
patients who fail to mount a neutralizing antibody response.25 
Fetal infection can be asymptomatic or characterized by 
aplastic anemia o f varying severity. Severe anemia can lead 
to high-output congestive heart failure and nonimmune 
hydrops. Direct infection of the myocardium may also contrib
ute to fetal heart failure.

Diagnosis
Serologic testing via ELISA detects IgG and IgM against B19 
parvovirus. However, PCR amplification of viral DNA from 
maternal or fetal blood is a more sensitive method to confirm 
acute parvovirus infection because viremia occurs prior to the 
development of specific antibodies, and viral protein-antibody 
complexes can result in false-negative serology. Maximum sen
sitivity is achieved with concurrent serologic and nucleic acid 
testing.

M anagem ent of Parvovirus During Pregnancy
Following exposure to B19 parvovirus in a presumed seronega
tive woman, serologic and DNA testing should be performed.
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FIG 53-2 A , Characteristic "slapped cheek" rash of erythema infectio- 
sum. B, Note lacelike rash on upper extremity. (From Ferri F, et al. 
Fern's Fast Facts in Dermatology. Philadelphia: Saunders; 2011.)

TABLE 53-7 ASSOCIATION BETWEEN GESTATIONAL 
AGE AT TIME OF EXPOSURE AND RISK 

____________ OF FETAL PARVOVIRUS INFECTION

TIME OF EXPOSURE FREQUENCY OF SEVERELY
(WEEKS OF GESTATION) AFFECTED FETUSES

1-12 19%
13-20 15%
>20 6%___________

The presence of IgG antibody is consistent with prior exposure 
and/or infection, and no further workup is needed. Susceptible 
women should have repeat testing performed in about 3 weeks. 
Pregnant women with confirmed infection should be treated 
with supportive care because maternal B19 parvovirus infection 
is usually self-limited. The relationship between the gestational 
age at the time of exposure to B19 parvovirus and the risk of 
fetal parvovirus infection that results in a severely affected fetus 
is shown in Table 53-7. Serial ultrasounds to evaluate the fetus 
for hydrops should be performed for 8 to 10  weeks after 
maternal illness. If no signs of hydrops are seen during this 
period, further evaluation is unnecessary. Recent studies have 
shown that measurement of the fetal middle cerebral artery peak 
systolic velocity can be useful in documenting fetal anemia prior 
to the development of hydrops in cases of congenital B19 par
vovirus infection.26

Fetal infection occurs following approximately 33%  o f 
maternal infections.27 However, the rate of fetal death

secondary to intrauterine B19 parvovirus infection is dependent 
on when maternal infection occurs. Fetal death is rare when 
maternal infection occurs beyond 20 weeks of gestation, but 
fetal mortality associated with fetal hydrops is approximately 
11% when maternal B19 infection occurs during the first 20 
weeks of pregnancy.28 Although 33% of fetal hydrops will resolve 
without treatment,29 there are no reliable predictors for the reso
lution of hydrops versus fetal death. Thus cordocentesis and 
intrauterine transfusion are recommended when fetal hydrops is 
present.30 Recent studies have documented thrombocytopenia 
in parvovirus B19-infected fetuses at the time of cordocentesis.31 
However, it is unclear whether any benefit exists to providing 
platelets at the time of red blood cell transfusion. The majority 
of fetuses infected with parvovirus B19 demonstrate normal 
long-term development.32'34 Rare cases of neurologic morbidity, 
persistent infection with severe anemia, and other sequelae have 
been reported following fetal infection.

MEASLES  
Virology and Epidemiology
Measles, or rubeola, is an enveloped, negative-stranded RNA 
virus that is part of the Paramyxoviridae family, which includes 
respiratory syncytial, canine distemper, mumps, and parainflu
enza viruses. Measles’ host range is limited to humans, and the 
envelope of this virus contains fusion and hemagglutinin (HA) 
proteins; HA binds the cellular receptor, which is a complement 
regulatory protein, and the fusion protein permits viral entry 
into the cell. Rubeola (measles) is one o f the most infectious 
viruses, spread primarily via respiratory droplets; with expo
sure, 75%  to 90%  o f susceptible contacts become infected. 
Although a live, attenuated vaccine is readily available, measles 
outbreaks in the United States occur among unvaccinated 
preschoolers, which includes those younger than 15 months; 
previously vaccinated school-age children; college students; and 
persons who originated from outside the United States. The 
incidence of outbreaks in previously vaccinated individuals 
has been reduced since implementation of a two two-dose vac
cination strategy. Until 2014, fewer than 200 cases of measles 
were diagnosed in the United States annually. However, over 
600 measles cases were documented in 2014, which included a 
large, multistate outbreak linked to an amusement park in 
California.

Clinical M anifestations
Rubeola has an incubation period of 10 to 14 days. Infected 
individuals first manifest prodromal symptoms, which may 
include fever, malaise, myalgias, and headache. This is followed 
by ocular symptoms that include photophobia and a nonexuda
tive conjunctivitis. Koplik spots, tiny white spots on a red base 
on the buccal mucosa lateral to the molar teeth, may appear 
during the prodrome and are pathognomonic for measles infec
tion. If Koplik spots are visualized, they typically appear a day 
or so prior to the rash and disappear within two days of its 
appearance. The rash of measles appears between 2 and 7 days 
following the prodrome and is initially present behind the ears 
or on the face as a blotchy erythema. The rash then spreads to 
the trunk, followed by the extremities; the hands and feet may 
be spared. The rash is initially macular and blanches with pres
sure but becomes papular and coalescent with a red, nonblanch
ing component (Fig. 53-3). The rash tends to fade after about
5 days, although fever can persist for up to 6 days and may reach
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1116 Section VI Pregnancy and Coexisting Disease

4 l°C . A productive cough may develop that can persist after 
defervescence. Lymphadenopathy accompanies the fever and 
can persist for several weeks.

Complications of rubeola can include laryngitis, bronchiol
itis, pneumonia, and otitis media due to secondary bacterial 
infections. Rare complications include hepatitis, encephalitis, 
atypical measles, and acute encephalitis. Encephalitis occurs in 
about 1 in 1000 cases of measles and results from either viral 
infection of the CNS or a hypersensitivity reaction to systemic 
viral infection. Symptoms include recurrence of fever and head
ache, vomiting, and a stiff neck followed by stupor and con
vulsions. The mortality is 10%, and permanent neurologic 
sequelae— including mental retardation— develop in 50% of 
individuals. Atypical measles, which occurs in adults vaccinated 
with the formalin-inactivated measles vaccine, is characterized 
by high fever, pneumonia with pleural effusions, obtundation, 
and a hemorrhagic exanthema. Patients usually have high anti
body titers to measles but lack antibodies to the fusion protein. 
Atypical measles is usually self-limiting, and patients are not 
contagious to others. A rare complication of measles infection 
is subacute sclerosing panencephalitis (SSPE), which occurs in 
0.5 to 2 per 1000 cases of measles years after the acute infection. 
SSPE is most common in children who contracted measles prior 
to 2 years of age and is characterized by progressive neurologic 
debilitation and a virtually uniformly fatal outcome.

Diagnosis
The diagnosis o f measles is usually made based on clinical 
presentation; as mentioned earlier, Koplik spots are pathogno
monic for measles infection. In their absence, diagnosis is based 
on a history of recent exposure or the presence of a rash. An 
increase in antibody titer may be detected as early as the first or 
second day of the rash. Assays for detection of IgM and viral

FIG 53-3 Maculopapular rash of measles, or rubeola, showing coales
cence of lesions. (Courtesy Centers for Disease Control and Preven
tion, Dr. Heinz F. Eichenwald.)

RNA are also available. Differential diagnoses include rubella, 
scarlet fever, infectious mononucleosis, secondary syphilis, toxic 
shock syndrome, Kawasaki disease, erythema infectiosum, and 
drug rash. A guide to differentiating some of these illnesses is 
shown in Table 53-8.35

M anagem ent of Measles During Pregnancy
Pregnant women with rubeola infection should receive support
ive care and should undergo careful observation for evidence of 
complications. The largest, most recently reported study of 
measles in pregnancy revealed that pregnant women were 
twice as likely to require hospitalization (60%), three times 
as likely to acquire pneumonia (26%), and six times as likely 
to die o f complications (3%) compared with nonpregnant 
adults.36 Given the higher rate of maternal morbidity and mor
tality in the setting of measles infection, secondary bacterial 
infections should be treated promptly with antibiotics. Ribavirin 
can be considered for cases of viral pneumonia, but it has not 
been conclusively shown to be of benefit.

The risk o f spontaneous abortion and preterm delivery fol
lowing measles infection during pregnancy is 20% to 60% .36 
If miscarriage does not occur, patients should be counseled that 
measles does not appear to be associated with an increased risk 
of congenital malformations and that the risk of congenital 
measles infection appears to be well below 25%. No congenital 
measles infections were reported in two recent studies of 98 
cases of maternal measles.36,3 Detailed serial ultrasounds may 
be performed; evidence of in utero infection includes micro
cephaly, growth restriction, and oligohydramnios. Reports con
flict regarding whether an association exists between measles 
infection in pregnancy and Crohn disease in offspring, and 
others have reported an association between measles exposure 
at the time of birth and the development of Hodgkin disease 
in children.

The most effective way to prevent measles infection in 
pregnancy is to ensure vaccination prior to pregnancy using a 
two-dose series, usually a component o f the trivalent measles, 
mumps, and rubella (MMR) vaccine. This live attenuated 
vaccine should not be given to pregnant women, and patients 
are recommended to use effective contraception for 3 months 
after vaccination, although no cases of congenital measles infec
tion have been reported secondary to the measles vaccine.38 
Although most pregnant women will have been previously 
vaccinated against measles, between 3.2% and 20.5%  of preg
nant women have either absent or low antibody titers, which 
would classify them as seronegative.39 Any pregnant women 
exposed to measles should have an IgG titer drawn. Seronegative 
(susceptible) women should be treated with immune globulin 
intravenously within 6 days of exposure.38 Neonates delivered

TABLE 53-8 DIFFERENTIAL DIAGNOSIS OF MEASLES

CONJUNCTIVITIS RHINITIS SORE THROAT EXANTHEM LEUKOCYTOSIS

SPECIFIC
LABORATORY
TESTS

Measles ++ ++ - + - +
Rubella - ± ± - - +
Exanthem subitum - ± - - - +
Enterovirus infection - ± ± - - +
Adenovirus infection + + + - - +
Scarlet fever ± ± ++ - + +
Infectious mononucleosis - - ++ ± ± +
Drug rash - - - - - -
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to a parturient who developed measles within 7 to 10 days of 
delivery should receive intramuscular (IM) immune globulin. 
These children should also receive the M M R  vaccine at 12 to
15 months of age.38

RUBELLA 
Virology and Epidemiology
Rubella is a small, spherical, enveloped, single-stranded RNA 
virus, which is part of the Togaviridae family. Transmission 
occurs via respiratory droplets and close personal contact. Fol
lowing infection of respiratory mucosa, virus is found within 
cervical lymph nodes and disseminates hematogenously. Rubella 
outbreaks occur in school-age children and in settings where 
crowded conditions exist such as m ilitary bases, religious com
munities, college campuses, and prisons. As a result of routine 
vaccination, no recent major outbreaks have occurred in the 
United States. Elimination of endemic rubella is a national 
health goal. From 2005 to 2011, a median of 11 rubella cases 
occurred annually.38 Most infections occur in foreign-born 
unvaccinated individuals.

Clinical Manifestations
The incubation period following exposure is 12 to 19 days. 
However, acute rubella infection is not always diagnosed because 
20% to 50% of infections are asymptomatic, and there is no 
associated prodromal illness. Symptomatic infected patients 
present with a rash, malaise, fever, conjunctivitis, and general
ized lymphadenopathy. The rash is nonpruritic, begins on the 
face and neck as a faint macular erythema, and spreads rapidly 
to the trunk and extremities (Fig. 53-4). The rash lasts approxi
mately 3 days and blanches with pressure. Transient polyarthral
gias and/or polyarthritis that lasts 5 to 10 days may appear in 
adolescents and adults following the rash. Rare complications 
include thrombocytopenic purpura, encephalitis, neuritis, and 
orchitis.

Diagnosis
Serology is most commonly used to document exposure and/or 
infection with rubella. IgM specific for rubella is detectable prior 
to the onset of the rash. Isolation and culture of the virus is 
possible as is detection of viral RNA by RT-PCR. In cases of 
suspected congenital rubella infection, RT-PCR can be used to

FIG 53-4 This patient presented with a generalized rash on the 
abdomen caused by German measles (rubella). The rash usually lasts 
about 3 days and may be accompanied by a low-grade fever. Rubella 
is caused by a different virus from the one that causes regular measles 
(rubeola), and immunity to rubella does not protect a person from 
measles, and vice versa. (Courtesy Centers for Disease Control and 
Prevention.)

detect viral RNA within chorionic villi, fetal blood, and amni
otic fluid specimens.

M anagem ent of Rubella Infection 
During Pregnancy
Maternal rubella infection is usually self-limited. However, con
genital rubella infection is associated with miscarriage and 
stillbirth and can have significant deleterious effects on the 
fetus. The primary purpose of the rubella vaccine is to prevent 
congenital rubella infection, and IVIG administration does not 
do this. Although this live attenuated vaccine is contraindicated 
during pregnancy, no cases o f congenital rubella syndrome 
have heen reported in approximately 1000 infants born fol
lowing inadvertent vaccination during pregnancy.38 This indi
cates that rubella vaccination during pregnancy does not carry 
a significant risk of birth defects secondary to congenital rubella 
infection. Therefore therapeutic termination of pregnancy is not 
recommended in these cases.38 Rubella serology is typically 
performed at the initial prenatal visit to identify Women with 
inadequate levels o f antibody. These women should receive 
rubella vaccine in the postpartum period. The vaccine is avail
able in monovalent, bivalent (measles-rubella), or trivalent 
forms (M M R).

Congenital Infection
Only four cases of congenital rubella syndrome (CRS) were 
documented in the United States from 2005 through 2011.38 
Several retrospective studies have established relationships be
tween the frequency and severity of CRS and the timing of 
rubella infection in pregnancy. In general, infection in early 
pregnancy is associated with increased CRS severity. When 
maternal infection occurs within the first 12 weeks o f preg
nancy and is accompanied by a rash, over 80%  o f fetuses 
become infected with rubella.40 Of these infants, 67% will 
have findings consistent with CRS.41 First-trimester infection 
with rubella is also associated with miscarriage, although some 
of the women in these studies terminated their pregnancy sec
ondary to exposure. As the pregnancy progresses, the risk of 
congenital rubella infection decreases: the risk is 54% at 13 to 
14 weeks and 25% at the end of the second trimester.40 The 
association of congenital rubella infection with CRS also de
creases with increasing gestational age, with fetal defects being 
rare in fetuses infected beyond the 16th week of pregnancy.40 41 
Given that the association of congenital rubella infection and 
CRS is not absolute at any gestational age, ultrasound may be 
a useful adjunct in determining whether a fetus is affected, al
though this technique cannot detect many of the associated 
abnormalities.

The most common manifestation o f congenital rubella 
infection is growth restriction. Sensorineural hearing loss is 
the most common single defect associated with CRS and 
affects up to 90%  o f congenitally infected infants, and the 
rate o f hearing loss is inversely related to the gestational age 
of congenital rubella infection.4" When infection occurs prior 
to 12 weeks’ gestation, other common defects include cardiac 
lesions (13%), most commonly patent ductus arteriosus, and eye 
defects (13%) such as cataracts, glaucoma, or retinitis.41 Other 
findings consistent with CRS include microphthalmia, micro
cephaly, cerebral palsy, mental retardation, and intrauterine 
growth restriction (IUGR). Most of these findings are seen only 
in fetuses infected within the first 12 weeks of gestation. 
However, virtually all fetuses infected prior to the 11th week of
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gestation have CRS.40 Severe disease can also include thrombo
cytopenic purpura or hepatosplenomegaly. Fetuses infected 
between 13 to 16 weeks of gestation have up to a 35% risk 
of being affected by CRS40 and typically have hearing loss as 
their principal manifestation of CRS. Fetuses infected at more 
advanced gestational ages rarely have sequelae associated with 
CRS. Following congenital rubella infection, infants may shed 
virus for up to 1 year after birth. Even in neonates who are 
asymptomatic at birth, up to one third can manifest long-term 
complications that include type 1 diabetes mellitus and progres
sive panencephalitis in the second decade of life.43 44

CYTOMEGALOVIRUS INFECTION  
Virology and Epidemiology
Cytomegalovirus (CMV) is a large, enveloped, double-stranded 
DNA virus that is a (3-herpesvirus. Herpesviruses have large, 
complex genomes that replicate in the nucleus of infected cells 
and enable these viruses to establish acute, persistent, and latent 
infection. Recurrent CM V infection occurs following reactiva
tion from latently infected cells or by superinfection with a 
different strain or serotype of virus. CM V is not highly conta
gious; transmission primarily occurs by contact with infected 
saliva or urine, and it can also be transmitted via blood or 
by sexual contact. The incubation period is about 40 days 
following exposure. W ithin the United States, primary CM V 
infection in pregnant women ranges from 0.7% to 4%, and 
recurrent infection can be as high as 13.5%. Young infants 
and children with subclinical infection are a major source of 
infectious CMV; approximately 50% of children who attend 
daycare actively shed CM V virus in their saliva and/or urine, 
and fomites within daycare centers are potential sources of 
CM V infection. Thus daycare workers are at high risk for 
infection. Small children pose an infection risk to family 
members with annual seroconversion rates of approximately 
10% for parents and uninfected siblings.45 CM V seroprevalence 
correlates with lower socioeconomic status, birth outside North 
America, increasing parity and age, abnormal PAP smears, 
Trichomonas infection, and the number of sex partners. CM V 
infection is also increased in immunocompromised patients. 
Between 0.2% and 2.2% of infants born in the United States 
become infected with CM V in utero secondary to maternal 
infection, and congenital CMV is the leading cause o f hearing 
loss in children. Another 6% to 60% of children become 
infected within the first 6 months of life secondary to intrapar
tum transmission, environmental exposure, or breastfeeding. 
However, infants infected peripartum rarely demonstrate serious 
sequelae of CM V infection.46

Clinical Manifestations
Infected patients may be asymptomatic or they may have a 
mononucleosis-like syndrome with fever, malaise, myalgias, 
chills, and cervical lymphadenopathy. Infrequent complications 
include pneumonia, hepatitis, Guillain-Barre syndrome, and 
aseptic meningitis. Laboratory abnormalities include atypical 
lymphocytosis, elevated hepatic transaminases, and a negative 
heterophile antibody response (which distinguishes CM V from 
Epstein-Barr virus infection).

Diagnosis
Active, maternal CM V infection is best diagnosed by culture, 
detection of CM V antigens, or DNA PCR of blood, urine,

saliva, amniotic fluid, or cervical secretions. Serologic tests are 
available, but antibody levels may not be detectable for up to 4 
weeks after primary infection, and titers can remain elevated; 
this makes a serologic diagnosis of reinfection difficult. A four
fold increase in IgG titers within multiple specimens suggests 
active infection. IgM is used to diagnose recent or active infec
tion, but both false-positive and false-negative results can occur. 
Routine CMV screening during pregnancy is not recom
mended secondary to high seroprevalence. Fetal infection 
is documented by amniotic fluid culture or PCR, and PCR 
sensitivity approaches 100% in gestations greater than 21 
weeks.46 Fetal serology and blood culture are much less sensitive. 
Fetal CM V infection can occur weeks to months following 
maternal infection; thus repeat testing may be considered at 
7-week intervals.46 Antepartum CMV detection does not 
predict the severity o f congenital CMV infection, and 80%  
to 90%  o f children with congenital CMV infection have no 
neurologic sequelae.

M anagem ent of Cytomegalovirus  
During Pregnancy
Pregnant women should be counseled regarding preventive 
measures: careful handling o f potentially infected articles 
such as diapers, clothing, and toys; avoidance o f sharing 
food and utensils; and frequent hand washing. Antiviral 
therapy is not indicated in immunocompetent infected indi
viduals, and ganciclovir is not effective for intrauterine treatment 
of congenital CM V infection. In one trial, passive antepartum 
maternal immunization of women with primary CM V  infection 
with CMV-specific hyperimmune globulin was associated with 
decreased congenital CM V infection and fewer infants born 
with symptomatic CM V  disease.47 However, a follow-up ran
domized, placebo-controlled trial failed to show reduced infec
tion or reduced sequelae.48 Thus at this time, avoiding maternal 
CMV infection is the only effective prevention for congenital 
CMV infection.

Congenital Infection
Congenital CM V infection is diagnosed by the detection of 
virus or viral nucleic acid within the first 2 weeks of life. Intra
uterine CMV transmission is highest in the third trimester 
with an overall 30%  to 40%  risk o f fetal transmission.4 ’ 
However, serious sequelae occur most frequently following 
first-trimester infection: 24%  o f infected fetuses have senso
rineural hearing loss and 32%  have other CNS sequelae. 
After the second trimester, 2.5% of infected fetuses demon
strated sensorineural hearing loss and 15% had CNS sequelae.’0 
Congenital CM V infection may occur following primary or 
recurrent CM V  infection of pregnant women, but the incidence 
of serious sequelae is lower following recurrent infection.’ 1 Most 
infants with congenital CM V  infection exhibit no obvious clini
cal findings at birth. Nonetheless, 15%  o f subclinical congeni
tal CMV infection is associated with hearing loss. 1

After primary maternal CM V infection, approximately 5% to 
18% of infants exhibit serious sequelae, typically following infec
tion during the first half of pregnancy. C linical findings in these 
infected infants may include jaundice, petechiae, thrombocyto
penia, hepatosplenomegaly, growth restriction, and nonimmune 
hydrops. Long-term neurologic sequelae include developmen
tal delays, seizure activity, and gross neurologic impairment as 
well as sensorineural hearing loss.51 Ultrasound can be useful 
in identifying a congenitally infected infant with likely

ak
us

he
r-li

b.r
u



Chapter 53 Maternal and Perinatal Infection in Pregnancy: Viral

impairment. Findings consistent with fetal infection include 
microcephaly, ventriculomegaly, intracerebral calcifications, 
ascites, hydrops, echogenic bowel, IUGR, and oligohydramnios. 
Unusual findings include fetal heart block and meconium peri
tonitis.52,53 In the setting of confirmed fetal infection with serial 
normal ultrasounds, the risk of clinical symptoms of congenital 
CM V  infection following birth is approximately 10%. Thus 
ultrasound findings, or their absence, are an important factor 
to consider when counseling.

HERPESVIRUS 
Virology and Epidemiology
Herpes simplex virus (HSV) is another large, enveloped, double
stranded DNA virus that replicates in the host cell nucleus. 
Epithelial cells are the primary targets. However, HSV estab
lishes latency within dorsal root ganglia and can disseminate via 
hematogenous spread. Latent viral infection can be associated 
with integration of the viral genome into the host cell DNA. 
The HSV genome is complex and encodes over 80 polypep
tides, including several envelope glycoproteins. Glycoprotein 
G permits differentiation of two well-defined antigenic and 
biologic viruses, HSV-1 and HSV-2. HSV-1 is typically asso
ciated with nongenital infection, and mouth and lips are the 
most common sites of viral replication. HSV-1 infection is most 
prevalent in lower socioeconomic populations, in which 75% 
to 90% of individuals have antibodies that recognize HSV-1 by 
10 years of age. HSV-2 infection is also associated with socio
economic status and is usually acquired via sexual contact. In 
the United States, 25% to 65% of individuals have antibodies 
that recognize HSV-2, and seroprevalence risk correlates with 
the number of sexual partners. Some individuals have asymp
tomatic or subclinical primary HSV infections, which account 
for seropositive patients without a clinical history of infection.

Clinical M anifestations
HSV-1 infection is normally manifested by herpes simplex 
labialis (cold sores), whereas HSV-2 infection customarily 
involves the genitals and includes the vulva, vagina, and/or 
cervix. Painful vesicles appear 2 to 14 days after viral exposure 
and rupture spontaneously, leaving shallow eroded ulcers (Fig. 
53-5). Later in the infection, a dry crust forms, and lesions heal 
without scarring. Primary infection can be associated with fever, 
malaise, anorexia, and bilateral inguinal lymphadenopathy, and 
it is infrequently associated with aseptic meningitis. Women

FIG 53-5 Ulcerated lesions characteristic of herpes simplex infection. 
(From Ferri F, et al. Ferri's Fast Facts in Dermatology. Philadelphia: 
Saunders: 2011.)

may have dysuria and urinary retention secondary to urethral 
involvement. Rates of symptomatic and subclinical HSV shed
ding from the cervix and vulva during the first 3 months fol
lowing primary infection are 1% to 3%.

Healing of primary HSV-2 infection may take several weeks 
and is less severe in individuals with prior HSV-1 infection. 
Nonprimary first episodes of genital HSV occur when a second 
HSV strain, either HSV-1 or HSV-2, establishes infection in the 
presence of preexisting antibodies from a previous infection at 
a nongenital site. Secondary or recurrent HSV infections usually 
represent viral reactivation that varies in frequency and intensity. 
Recurrent infections are typically less severe than primary infec
tions and are associated with fewer lesions and a shorter duration 
of viral shedding. One third o f HSV-infected individuals have 
no recurrences, one third have approximately three recur
rences per year, and another third have more than three 
recurrences per year. Table 53-9 compares clinical findings 
during primary and recurrent HSV infection. Disseminated 
HSV infection is rare and arises primarily in immunocompro
mised individuals, but it can also occur in pregnancy. Dissemi
nated infection is characterized by skin, mucous membrane, and 
visceral organ involvement, and it may include ocular involve
ment, meningitis, encephalitis, and ascending myelitis. Prompt 
treatment with IV acyclovir is indicated for suspected cases of 
disseminated HSV.

Diagnosis
Definitive diagnosis o f active HSV infection is made by viral 
culture or by nucleic acid detection o f HSV, which is faster 
and more sensitive. Both methods differentiate between HSV-1 
and HSV-2. Culture specimens should be collected from fresh 
vesicles or pustules because viral recovery from crusted lesions is 
poor; this is not as critical for PCR-based assays. Serology can 
assess and differentiate primary infection from secondary infec
tion via IgM detection. Cytologic preparations (Tzanck test) 
show characteristic multinucleated giant cells and intranuclear 
inclusions. However, this test is rarely performed given the 
enhanced sensitivity and specificity of culture and nucleic acid 
detection.

M anagem ent of Herpesvirus During Pregnancy
Maternal primary infection with HSV prior to labor does not 
usually impact the fetus. Intrauterine HSV infection is rare and 
occurs in approximately 1 in 200,000 deliveries. Sequelae of 
intrauterine infection include skin vesicles and/or scarring, eye 
disease, microcephaly, or hydranencephaly. An association 
between HSV infection in the third trimester of pregnancy and 
IUGR has also been reported. However, this observation was 
based on only five patients. Birthweight of infants born to 
asymptomatic HSV-shedding mothers is lower than those of

TABLE 53-9 COMPARISON OF PRIMARY VERSUS 
RECURRENT HERPES SIMPLEX 
VIRUS INFECTION

PRIMARY RECURRENT
STAGE OF ILLNESS (DAYS) (DAYS)

Incubation period and/or prodrome 2-10 1-2
Vesicle, pustule 6 2
Wet ulcer 6 3
Dry crust 8 7
Total 22-30 13-14
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TABLE 53-10 HERPES SIMPLEX VIRUS TREATMENT

DRUG PRIMARY INFECTION RECURRENT INFECTION PROPHYLAXIS

Acyclovir
Valacyclovir
Famciclovir

400 mg TID for 7 to 10 days 
1 g BID for 7 to 10 days 
250 mg TID for 7 to 10 days

800 mg BID for 5 days or 800 mg TID for 2 days
500 mg BID for 3 days or 1 g QD for 5 days
500 mg followed by 250 mg BID for 2 days or 1 g BID for 1 day

400 mg BID 
500 to 1000 mg QD 
250 mg BID

BID, twice daily; TID, three times a day; QD, once per day.

nonshedding mothers, but this small observed effect may be due 
to differences in gestational age at birth.,4 Treatment regimens 
are described in Table 53-10. Women with more than two HSV 
recurrences per year should be offered prophylaxis to decrease 
the frequency and severity o f recurrences.

Intrapartum HSV exposure is associated with neonatal 
infection, which complicates approximately 1 in 3500 deliv
eries in the United States and is associated with significant 
neonatal morbidity and mortality. Seventy percent of neona
tal infection is caused by HSV-2, with a 50% estimated risk 
of neonatal HSV during primary maternal infection. The inci
dence of neonatal HSV incidence ranges from 0% to 3% in 
the setting of recurrent maternal infection.^ Thus primary 
maternal HSV infection, not recurrent infection, accounts 
for the vast majority o f neonatal HSV infections. ACOG 
recommends elective cesarean delivery for women with demon
strable genital herpes lesions or prodromal symptoms in labor 
to reduce the incidence of neonatal HSV infection.^ However, 
because 60% to 80% of neonatal HSV infections occur follow
ing asymptomatic primary maternal infection, our capacity to 
prevent neonatal HSV infection by performing cesarean delivery 
is limited. Cost-benefit analysis of current guidelines for preven
tion of neonatal HSV infection found that, given the low risk of 
neonatal HSV transmission with recurrent maternal infection, it 
requires 1580 elective cesarean deliveries to prevent one neonatal 
HSV infection.56

The duration of ruptured membranes prior to delivery 
increases the risk of neonatal HSV infection. However, no evi
dence shows any period of time beyond which cesarean delivery 
is no longer beneficial. Positive antepartum HSV cultures are 
not associated with positive cultures at the time of delivery and 
are not recommended.5 Prophylactic acyclovir or valacyclovir 
decreases HSV shedding and outbreaks and reduces the number 
of cesarean deliveries performed to prevent neonatal HSV infec
tion.^ This strategy should be considered for women with HSV 
recurrence during pregnancy. In the case of premature rupture 
of membranes, acyclovir or other antivirals should be considered 
in women with active HSV lesions being managed expectantly 
and taking steroids to enhance fetal lung maturity.5' In these 
patients, decisions regarding prophylactic cesarean delivery 
should be based on the presence of lesions at the time of labor. 
The risk of neonatal HSV infection in cases of nongenital mater
nal HSV lesions (i.e., lesions of the thigh, buttocks, or mouth) 
is low, therefore cesarean delivery is not recommended for these 
women.

Neonatal Herpes Infection
Factors that predict neonatal HSV transmission include cervical 
HSV shedding, invasive monitoring, preterm delivery, maternal 
age younger than 21 years, and HSV viral load.59 Three pat
terns of neonatal HSV infections occur with equal frequency. 
Local disease is lim ited to the skin, eyes, and mouth— so-called 
SEM disease; this pattern has limited morbidity. Disseminated

infection  involves multiple visceral organs and includes lungs, 
liver, adrenal glands, skin, eyes, and brain. Both SEM and dis
seminated disease are characterized by early presentation (10 
to 12 days of life); however, disseminated disease is associated 
with significant morbidity and mortality. CNS disease, which 
may be associated with skin involvement, occurs later, during 
the second or third week of life. Following high-dose neonatal 
acyclovir therapy, 1-year mortality for CNS disease is 29%, 
and it is 4% for disseminated disease. Despite higher mortality, 
83% of disseminated disease survivors have normal neurologic 
development, whereas only 31% of CNS disease survivors are 
neurologically intact.60 Complications of neonatal HSV infec
tion also include DIC and hemorrhagic pneumonitis.

VARICELLA 
Virology and Epidemiology
Varicella, or chickenpox, is caused by the varicella zoster virus 
(VZV), part of the a-herpesvirus subfamily. This enveloped 
virus contains double-stranded DNA and has at least 69 genes. 
Viral replication initially occurs within respiratory epithelial cells 
and is followed by systemic viremia. Long-term latent infection 
occurs within the nonneuronal cells of the dorsal root ganglia. 
Humans are the only known host for varicella, a highly conta
gious disease transmitted by respiratory droplets or close contact. 
Approximately 95% of susceptible household contacts become 
infected following exposure, and a 14-day incubation period 
precedes the emergence of symptoms. Patients are infectious 
from one day prior to rash appearance until lesions are crusted; 
immunity following infection is usually life long. Prior to VZV 
vaccine availability, most natural varicella infections occurred in 
early childhood, a time when VZV infection is usually self
limited. However, over 50% of varicella-associated mortality 
occurs in adults, who represent less than 10% of all varicella 
infections.61 Most adults (>90%) are VZV immune, even in the 
absence of a clinical history of chickenpox.

Clinical Manifestations
Infected patients classically present with a centripetal rash char
acterized by highly pruritic erythematous macules, papules, and 
vesicles that appear in crops. The rash spreads to the extremities, 
and evidence of excoriation and scabbed lesions are typically 
seen. Bacterial superinfection of skin lesions can occur. Fever is 
common, and infected adults frequently present with malaise, 
myalgias, arthralgias, and headache. Cough and dyspnea usually 
occur about 3 days after the appearance of the first skin lesions. 
Cyanosis, hemoptysis, and pleuritic chest pain are common. 
Patients should be carefully observed for the development of 
varicella pneumonia, which occurs in almost 20%  o f infec
tions during pregnancy.62 Encephalitis is a rare complication 
of adult VZV infection. Reactivation of latent VZV infection 
causes herpes zoster or shingles and occurs primarily in the 
elderly and immunocompromised. Shingles is characterized by
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a segmentally distributed rash that correlates with specific der
matomes. Pain, itching, and/or paresthesias can occur as a pro
drome or with rash appearance. Zoster is usually self-limited, 
although patients shed infectious virus and can transmit VZV 
to susceptible individuals.

Diagnosis
Diagnosis is usually made based on exposure history and/or rash. 
Acute infection can be rapidly diagnosed by PCR amplification 
of VZV-specific DNA from vesicular fluid and/or throat swabs. 
Serologic confirmation of exposure via ELISA, which can quan
titate VZV-specific IgG and IgM, is most useful for confirming 
prior exposure. The Tzanck stain identifies multinucleated giant 
cells within lesions, and varicella can be cultured.

M anagem ent of Varicella During Pregnancy
Pregnant women infected with VZV should be ofFered support
ive care that includes calamine lotion, antipyretics, and if  neces
sary, systemic antipruritics. Oral acyclovir (800 mg by mouth 
five times per day) or valacyclovir (1 g by mouth three times a 
day) are safe in pregnancy and should be given to all infected 
women because they decrease illness duration i f  instituted 
within 24 hours o f rash emergence. Maternal varicella pneu
monia is associated with a 5% maternal mortality and presents
3 to 5 days following the rash; patients should be treated with 
10 to 15 mg/kg IV acyclovir every 8 hours. If maternal varicella 
occurs within 5 days before and 2 days after delivery, vari
cella zoster immune globulin (VZIG) should be given to the 
newborn to prevent neonatal varicella. The infant should be 
isolated from the mother until all vesicles have crusted over to 
prevent VZV transmission. If possible, delivery should be 
delayed 5 to 7 days following the onset of maternal illness to 
potentially prevent neonatal VZV, which has a 20% to 30% 
mortality rate.62

Prevention includes ascertaining VZV status prior to preg
nancy in women without a clinical history o f infection and 
offering live attenuated VZV vaccine (Varivax, Merck) to sus
ceptible women prior to conception. Adults should receive 
two subcutaneous doses of vaccine 4 to 8 weeks apart. The 
vaccine is 70% to 80% effective in preventing natural infec
tion, but this live vaccine is contraindicated during gesta
tion. Pregnancy should be deferred for 3 months following 
vaccination, although there is no evidence o f congenital 
VZV infection following vaccination during pregnancy.63 
If a pregnant woman without clinical history of VZV infec
tion or vaccination is exposed to varicella, serology should be 
performed within 96 hours of exposure. Most patients will be 
varicella IgG seropositive and not at risk for infection. W ith  
confirmed VZV susceptibility or the inability to obtain serol
ogy within 96 hours o f exposure, the preferred prophylaxis 
is high-titer VZIG.

VariZIG (Emergent Biosolutions) can be obtained 24 
hours a day from authorized distributors (1-800-843-7477 in 
the United States or online at www.fffenterprises.com or at 
www.asdhealthcare.com/home); the recommended IM dose is 
125 U per 10 kg of body weight up to a maximum of 625 U. In 
the absence of VZIG, IV immune globulin (IVIG) can be sub
stituted at a dose of 400 mg/kg.64 Prophylactic acyclovir given 
800 mg orally five times daily for 5 to 7 days, beginning within
9 days of exposure, is 85% effective at preventing VZV infection 
in children.65 Prophylaxis may be combined, which potentially 
further reduces the risk of maternal varicella infection; a small

study that compared postexposure prophylaxis in children found 
that acyclovir and VZIG together are more efficacious than 
VZIG alone.66 Given the time constraints for prophylactic treat
ment following exposure, consider varicella serologic assessment 
at the first prenatal visit for women denying a history of VZV 
infection/vaccination. Results can guide pregnancy management 
and can identify patient candidates for postpartum vaccination.

Congenital Infection
Congenital varicella infection can lead to spontaneous abor
tion, intrauterine fetal demise (IUFD), and varicella embry
opathy. Congenital varicella syndrome (CVS) is characterized 
by cutaneous scars, limb hypoplasia and malformed digits, 
muscle atrophy, microcephaly, cortical atrophy, microphthal
mia, cataracts, chorioretinitis, and psychomotor retardation. 
The frequency of anomalies is low following exposure prior 
to 13 weeks. Only 0.4% of neonates were born with CVS 
features in a study of 472 women. The highest risk occurs with 
maternal infection between 13 and 20 weeks’ gestation, with a 
2% CVS incidence.67 No congenital malformations have been 
observed following maternal infection after 20 weeks’ gestation, 
but neonatal skin lesions and scarring have been noted at birth. 
Ultrasound examination is preferred for prenatal assessment 
because serology and VZV DNA do not predict fetal injury.68 
Ultrasound findings suggestive of CVS can include polyhydram
nios, hydrops, echogenic foci within abdominal organs, cardiac 
malformations, limb deformities, microcephaly, and IUGR.h)

HEPATITIS
Viral hepatitis comprises a spectrum of syndromes that range 
from subclinical to fulminant disease, and it is caused by several 
unrelated viruses. Symptoms of acute viral hepatitis may include 
jaundice, malaise, fatigue, anorexia, nausea, vomiting, and right 
upper quadrant pain. Hepatic transaminases and bilirubin are 
moderately to markedly elevated, and liver biopsy shows exten
sive hepatocellular injury with prominent inflammatory infiltra
tion (Fig. 53-6). Most viral hepatitis infections are self-limited 
and resolve without treatment, but certain viruses can establish 
persistent infection, which leads to chronic liver disease (see 
Chapter 47). The majority of infections in the United States are 
caused by hepatitis viruses A, B, C, and D, whereas hepatitis E 
is endemic to Asia, Africa, and Mexico. Other viruses associated

FIG 53-6 Photomicrograph of liver biopsy showing characteristic histo
logic changes of acute viral hepatitis. Note the intense inflammatory 
infiltrate.
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with liver infection and inflammation (hepatitis) include CMV, 
HSV, Epstein-Barr virus (EBV), rubella, and yellow fever.70

Hepatitis A
Hepatitis A virus (HAV) is a small, single-stranded RNA virus 
of the Picornaviridae family and is the causative agent for 
approximately one third of acute hepatitis infections in the 
United States. HAV transmission primarily occurs via oral-fecal 
contact. The incidence of HAV in pregnancy is approximately 
1 in 1000, and diagnosis is based on HAV IgM and IgG serol
ogy or viral nucleic acid detection. The incubation period is 
approximately 28 to 30 days following exposure. HAV risk 
factors include contaminated food or water exposure, recent 
travel outside the United States, illicit drug use, and having a 
child in daycare. HAV infection is usually self-limited and is 
restricted to acute infection (not chronic), and fewer than 0.5% 
of patients require hospitalization. Physical activity should be 
limited to prevent hepatic trauma, and drugs with potential 
hepatotoxicity should be avoided. Sexual and household con
tacts of infected individuals should receive immunoprophylaxis 
with a single dose of HAV immune globulin and should receive 
HAV vaccine, an inactive vaccine safe for use in pregnancy. 1 
Perinatal transmission has not been documented; however, 
infants delivered to an acutely infected mother should receive 
HAV immune globulin to prevent horizontal transmission 
following delivery.71 HAV infection may be complicated by 
cholestatic hepatitis, characterized by pruritis, dark urine, direct 
hyperbilirubinemia, and elevated alkaline phosphatase. This syn
drome can last several months. However, long-term prognosis is 
good, and corticosteroid therapy alleviates symptoms.70

Hepatitis B
Virology and Epidemiology
Hepatitis B virus (HBV) is a small, enveloped double-stranded 
DNA virus in the Hepadnaviridae family. HBV is the etiologic 
agent of 40% to 45% of hepatitis infections, and it is estimated 
that 1 million individuals in the United States are chronic viral 
carriers with 350 million chronically infected individuals world
wide. In the United States, 5 to 15 per 1000 pregnant women 
have chronic HBV infection, whereas 1 to 2 per 1000 have 
acute HBV infection. The prevalence of HBV is increased 
in certain populations, which includes Asians, Eskimos, drug 
addicts, dialysis patients, prisoners, and residents and employees 
of chronic care facilities.70 HBV is transmitted parenterally via 
sexual transmission and perinatal exposure. W ithout inter
vention, infants born to HBsAg-positive mothers have a 90%  
risk o f perinatal HBV infection (combined prophylaxis to 
reduce infection is described in the management section). As 
many as 40% of males and 15% of females with perinatally 
acquired HBV will die of hepatocellular carcinoma or cirrhosis, 
which highlights the need for effective prevention. 72

The postexposure incubation period ranges from 4 weeks to 6 
months and is inversely related to viral inoculum. Acute infec
tion is characterized by hepatic inflammation (see Fig. 53-6)70; 
however, less than 1% of acutely infected patients develop ful
minant HBV, characterized by massive hepatic necrosis and 
possible pancreatitis. Most newly infected adults (85% to 
90%) clear their infection, whereas the remaining 10%  to 
15%  become chronically infected. Chronic HBV infection 
has a 15%  to 30%  risk o f liver cirrhosis and a substan
tially increased probability o f hepatocellular carcinoma. 1 
The three clinically relevant HBV proteins are surface antigen

(HBsAg) or viral envelope glycoprotein; core antigen (HBcAg), 
associated with viral nucleic acid; and early antigen (HBeAg), a 
viral protein secreted from infected cells that is not incorporated 
into virus particles. HBeAg detection normally correlates with 
HBV DNA greater than 106 IU/mL and was used prior to HBV 
DNA assessment as a marker of viral replication and infectiv- 
ity. Transition from HBeAg positivity to anti-HBe positivity 
usually heralds decreased viral replication; however, mutations 
that induce HBeAg loss with ongoing high-titer HBV replica
tion are documented in long-term infected patients.

Diagnosis
Acute HBV infection is diagnosed by detection of both HBsAg 
and HBc IgM or HBV DNA detection in HBsAg-negative 
patients (early acute infection). HBsAg persistence for more 
than 6 months delineates chronic infection; serologic findings 
are reviewed in Figure 53-7. Further testing is warranted to assess 
HBV DNA and hepatic injury, manifested by elevated amino
transferase concentrations. Chronic HBV infection has multiple 
phases. The immune-tolerant phase is delineated by positive 
HBsAg and HBeAg and by high HBV DNA in the absence of 
liver disease. The immune-active phase can be heralded by 
HBeAg-positive, HBeAg-negative, or anti-HBe-positive serol
ogy, with high levels of HBV DNA and fluctuating hepatic 
inflammation. The inactive phase, or carrier status, is apparent 
when a person is HBsAg positive and HBeAg negative with an 
HBV DNA that ranges from 101 to 105 IU/mL. Patients can 
transition between phases, which includes reversion from inac
tive to immune-active infection; therefore ongoing HBV DNA 
assessment is warranted. Anti-HBs is detected following either 
infection or vaccination, whereas antibody recognizing HBc or 
HBe is only detected in HBV-infected patients. Interpretation 
of HBV serology is reviewed in Table 53-11.

Management of Hepatitis B Virus Infection 
During Pregnancy
HBV infection is prevented by a recombinant vaccination 
that is safe in pregnancy and should be offered to patients 
with significant risk factors, including those with a history 
o f sexually transmitted diseases (STDs), health care workers, 
and those with infected household or sexual contacts. 1 Several 
therapies— including lamivudine, tenofovir, and telbivudine— 
have been used to treat HBV infection during pregnancy. Ante
partum treatment for maternal benefit should be coordinated 
with a hepatologist because optimal treatment duration exceeds 
that of pregnancy. Amniocentesis is safe in chronically infected 
women.74 HBV-infected pregnant women should be vaccinated 
against HAV to prevent further liver injury. HBV-infected 
women can breastfeed because perinatal transmission is not 
increased in these patients. 1

In the United States, all newborns are vaccinated against 
HBV as part o f the CDC’s recommendation to decrease HBV 
prevalence.76 Infants born to HBsAg-positive mothers should 
receive the HBV vaccine series and  HBV immune globulin 
(HBIG) within 12 hours of birth.73 Combined active-passive 
immunization is 85% to 95% effective at preventing perinatal 
HBV transmission, but this prophylactic regimen is substantially 
less effective in women with immune-tolerant HBV infection or 
HBV DNA greater than 200,000 IU/mL (1,000,000 copies/ 
mL). Similar to HIV, perinatal HBV transmission correlates 
with maternal viral load, but consensus regarding the timing of 
therapy and HBV DNA concentrations above which antiviral
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FIG 53-7 Typical course of hepatitis B virus (HBV). Left, Typical course of acute HBV. Right, Chronic HBV. HBc, hepatitis B core; HBe, early hepa
titis B; HBsAg, hepatitis B surface antigen; IgM, immunoglobulin M. (From Koziel MJ, Thio CL. Hepatitis B virus and hepatitis delta virus. In 
Mandell GL, Bennett JE, Dolin R, eds. Mandell, Douglas, and Bennett's Principles and Practice of Infectious Disease, 7th ed., Philadelphia: 
Elsevier; 2010.)

TABLE 53-11 INTERPRETATION OF HEPATITIS B SEROLOGIC TESTS

ACUTE IMMUNITY VIA IMMUNITY VIA CHRONIC INACTIVE

TEST INFECTION INFECTION VACCINATION INFECTION PHASE (CARRIER)

HBsAg + - - + +
Anti-HBs - + + — —
HBeAg + - - +/-
Anti-HBe - +/- - +/- +
Anti-HBc* + + - + +
IgM anti-HBc + - - - —
HBV DNA* + - - + + (Low)
ALT Elevated Normal Normal Normal-elevated Normal

From Koziel MJ, Thio CL. Hepatitis B virus and hepatitis delta virus. In Mandell GL, Bennett JE, Dolin R, eds. M andell, Douglas, a n d  B ennett’s Principles a n d  P ractice o f  In fectious 
Disease, 7th ed., Philadelphia: Elsevier; 2010.
•Isolated anti-HBc IgG occurs during acute infection or can indicate remote prior infection (with loss of HBsAg or anti-HBs) or occult infection. HBV DNA assessment and hepatology 
consult is indicated.
tHBV DNA detection depends on assay sensitivity.
ALT, alanine aminotransferase; HBc, hepatitis B core; HBe, hepatitis B early antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IgM, immunoglobulin M.

therapy should be considered has yet to be established.7"7 -/8 
Thus it is reasonable to measure maternal viral load and use the 
information obtained to educate patients regarding perinatal 
transmission risk and to consider additional prevention strate
gies beginning in the third trimester. Antepartum nucleoside/ 
nucleotide analogue therapy combined with HBIG limits intra
uterine HBV transmission better than HBIG alone and is rec
ommended in high-risk pregnancies (e.g., in women with prior 
HBV transmission or high HBV DNA and in those with 
immune-tolerant infection).78,79 Oral tenofovir (300 mg once 
daily) is the first-line HBV treatment secondary to its efficacy, 
favorable side effect profile, and low rate for the development of 
drug resistance (compared with lamivudine).80 Tenofovir has 
also demonstrated safety in pregnancy secondary to its use as a 
first-line therapy for HIV infection. Thus preventing drug- 
resistance development while lim iting antepartum/intrapartum 
HBV transmission risk should be the focus when evaluating 
patients for adjunctive therapy. Up to 80% to 90% of infants 
born to women acutely infected with HBV in the third trimester

will be HBsAg positive at birth.71 However, it is unknown 
whether antiviral therapy lowers this risk.

H e p a t it is  C  
Virology and Epidemiology
Hepatitis C  virus (HCV) is an enveloped, single-stranded RNA 
virus that consists of six genotypes (1 through 6), and it is part 
of the Flaviviridae family. HCV is mainly transmitted parenter- 
ally and via vertical transmission. The incubation period fol
lowing exposure is 5 to 10 weeks, and 75% of acute infections 
are asymptomatic. Sexual HCV transmission risk is substan
tially lower than with HBV. However, 50% o f HCV infections 
become chronic, which makes it the most common chronic 
bloodborne pathogen in the United States. Epidemiologic risk 
factors include IV drug use, history of blood product transfu
sion, obesity, and high gravidity. The prevalence of HCV among 
women of childbearing age in the United States is 1%. However, 
prevalence in pregnant women using IV drugs may be as high 
as 70% to 95%.7s The recent development of highly effective,
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BOX 53-5 RISK FACTORS FOR HEPATITIS C 
VIRUS INFECTION

Definite Indications fo r Screening

Any history of intravenous drug use (even once)
HIV infection
Unexplained chronic liver disease including elevated 

aminotransferase levels 
Hemodialysis
Blood transfusion or organ transplant prior to 1992 
Receipt of clotting factor concentrates before 1987 
Sexual contact with an individual infected with HIV,

HBV, or HCV 
History of incarceration 
Intranasal illicit drug use 
Individuals born to HCV-infected women 
History of unregulated tattooing or body piercing 
Health care worker with history of needle-stick injury 
Persons born between 1945 and 1965

Consider Screening (Need Uncertain)

In vitro fertilization from anonymous donors 
Known sexually transmitted disease or multiple partners 
Steady sex partner of individual with history of injection 

drug use

HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human im m unodefi- 
ciency virus.

genotype-specific, HCV-specific protease inhibitors has radically 
improved disease management. Therapy now has a high likeli
hood of attaining a sustained virologic response (i.e., cure), 
reducing morbidity and mortality in infected individuals with a 
secondary benefit of reducing transmission.

Diagnosis
Recommended screening consists of HCV antibody testing with 
infection confirmed via a nucleic acid test (NAT) to detect 
and quantify HCV RNA.81 Universal screening is not recom
mended, but individuals with risk factors should be tested 
once (Box 53-5), and annual testing is recommended for 
persons injecting drugs or with ongoing HCV exposure 
risk factors. Viral load and hepatic transaminase levels vary 
over time; therefore a single undetectable HCV RNA or normal 
hepatic transaminase level does not rule out chronic carrier status. 
HCV RNA also fails to correlate with hepatic inflammation/ 
fibrosis and necessitates ongoing transaminase monitoring.

Hepatitis C Virus in Pregnancy
Perinatal HCV transmission correlates with maternal HCV viral 
load, and a recent study associated increased transmission with 
a viral load greater than 600,000 IU/mL. Perinatal HCV trans
mission occurs in 3% to 10% o f patients with detectable 
HCV RNA, whereas transmission in the absence o f detectable 
viremia is rare. Other risk factors for perinatal HCV transmis
sion are maternal IV drug use and HIV coinfection. However, 
treatment of maternal HIV infection lowers both HIV and 
HCV transmission.82 Although HCV transmission risk is 
increased with invasive fetal monitoring and rupture of mem
branes more than 6 hours previously, elective cesarean delivery 
does not reduce perinatal HCV transmission.83 HCV-infected 
pregnant women should be immunized against HAV and HBV

if  not immune, and breastfeeding by women chronically infected 
with H CV is not contraindicated.

Until recently, H CV treatment did not offer a high likelihood 
of virologic cure and was contraindicated in pregnancy secondary 
to the use of ribavirin. The FDA has designated ribavirin as preg
nancy category X based on animal teratogenicity. Preliminary 
data published by the Ribavirin Pregnancy Registry reported 
birth defects in 3 of 49 live births (6.1%) and an updated 
executive summary that included data through February 7, 2014 
reported a birth defect rate in liveborn infants following direct 
exposure of 6.49 (5/77, 95% confidence interval [CI], 2.14 to 
14.51).84 Recent recommendation of a lim ited duration (12 
weeks) of ribavirin-sparing H CV therapy expands treatment 
options within pregnancy.78,81 Daily fixed-dose ledipasvir, which 
inhibits viral phosphoprotein NS5A, and sofosbuvir, an HCV 
polymerase inhibitor, have been designated as pregnancy cate
gory B and are first-line therapy for H CV  genotype-la infection. 
Sofosbuvir combined with simeprevir, a pregnancy category C 
protease inhibitor, is another first-line treatment option for 
HCV genotype-la infection. In summary, first-line therapeutic 
regimens compatible with use during pregnancy are available to 
treat HCV genotypes 1, 4, and 6 .78'81 Recommended regimens 
for HCV genotypes 2, 3, and 5 contain ribavirin and should 
be avoided in pregnancy when possible. Given the potential 
for curative therapy, patients diagnosed with active HCV 
infection should be referred to a practitioner prepared to 
provide comprehensive ongoing management o f their HCV 
disease. Updated management recommendations are available 
at www.hcvguidelines.org.81

Hepatitis C Virus Preconceptional Counseling
Given the newly developed capacity to effect virologic cure and 
the ancillary benefit of reducing perinatal transmission, consid
eration should be given to diagnosing and treating H CV  infec
tion prior to conception. No effective H CV vaccine is currently 
available.

Hepatitis D
Hepatitis delta virus (HDV) is an incomplete RNA virus related 
to plant viruses. The hepatitis D genome encodes a single 
nucleocapsid protein, hepatitis delta antigen (HDAg), which is 
present as two peptides. The short form is required for RNA 
replication, and the long form is packaged with HDV RNA and 
the HBsAg envelope glycoprotein. Because HDV utilizes HBV 
as a helper virus (providing envelope glycoprotein), simultane
ous or chronic HBV infection is required for viral replication. 
HDV is present worldwide with a high prevalence in the Medi
terranean basin, Middle East, Central Asia, West Africa, and the 
Amazon basin. Risk factors include IV drug use and infected 
blood product exposure. Chronic HDV infection occurs in 1% 
to 3% of individuals who are simultaneously infected with both 
HBV and HDV. However, there is a 70% to 80% risk of chronic 
HDV infection following HDV superinfection of chronic HBV- 
infected individuals. Patients with chronic HBV and HDV coin
fection have a 70% to 80% risk for developing cirrhosis and 
portal hypertension, and 25% die of hepatic failure. Acute HDV 
infection is characterized by HDV antigen positivity in the 
absence of HDV antibody. Chronically infected individuals will 
have both detectable HDV antigen and HDV antibody. Acute 
hepatitis D infection is associated with fulminant hepatic failure 
and a 2% to 20% mortality rate. HDV can be perinatally trans
mitted.85 However, perinatal HBV prophylaxis also effectively
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prevents perinatal HDV transmission given the requirement 
for HBV coinfection.71

Hepatitis E
Hepatitis E virus (HEV) is an enveloped RNA virus that is most 
closely related to the Togaviridae family, which also includes 
rubella. Hepatitis E is transmitted by oral-fecal contact and is 
endemic outside of the United States in regions such as Africa, 
Asia, and Latin America. Similar to hepatitis A, hepatitis E infec
tion causes only acute disease. Diagnosis can be made by the 
presence of a specific IgM or of viral nucleic acid (RT-PCR). 
HEV has four genotypes: genotypes 1 and 2 are nonzoonotic 
and are present in developing countries, and genotypes 3 and 4 
are zoonotic and are present in industrialized countries. The 
mortality rate following acute hepatitis E infection in the general 
population is 1%. Significantly higher mortality (up to 20%) 
has been observed in pregnant women infected with hepatitis E, 
and genotypes 1 and 2 cause most infections.86 Maternal mor
bidity and mortality escalates with increasing gestational age,718 
and the preterm delivery rate is estimated to be as high as 66% .8 
Perinatal hepatitis E transmission is associated with signifi
cant perinatal morbidity and mortality'.

COXSACKIE VIRUS
Coxsackie virus is the causative agent of hand, foot, and mouth 
disease, an enterovirus transmitted through the fecal-oral route. 
Several serotypes exist, and adult infection typically results in a 
self-limited febrile illness that requires no treatment.89 One 
reported case of coxsackie B virus infection in pregnancy led to 
acute liver failure, which resolved following expectant manage
ment.90 Coxsackie virus infection during pregnancy has also 
been associated in several studies with an increased rate of mis
carriage89’91 and an increased rate of insulin-dependent diabetes 
in offspring,89’92 although a causative relationship has not been 
established.

H U M A N  PAPILLOMAVIRUS
Human papillomaviruses (HPV) are a group of small DNA 
viruses. Some types (6 and 11) cause warts, whereas other types 
(16, 18, 31, 33, 52b, and 58) do not cause warts but are instead 
highly associated with cervical and oral cancers. Infections are 
sexually and/or vertically transmitted, and nearly 50% of college- 
aged women have evidence of infection. Thus prior HPV infec
tion is common in pregnancy; moreover, HPV DNA has been 
detected in 37% of pregnant women without prior documented 
infection, which demonstrates an unexpectedly high rate of 
asymptomatic HPV infection.93 Anogenital warts, caused by 
nononcogenic HPV types, are one manifestation of infection 
and may be managed expectantly. Hormonal effects may cause 
rapid wart proliferation and growth that necessitates treatment. 
Trichloroacetic acid and/or cryotherapy are used to treat ano
genital warts in pregnancy because podophyllin is contrain
dicated. Little is known regarding the safety of imiquimod 
cream in pregnancy (category C), and treatment is required for 
months. Vaginal delivery is not contraindicated, unless the wart 
burden and position would result in dystocia. Maternal HPV 
infection with HPV types 6 and 11 is associated with pediatric 
laryngeal papillomatosis. However, given the high prevalence of 
maternal HPV infection and the rarity of laryngeal papilloma
tosis, prophylactic cesarean delivery is not recommended.93

Cervical dysplasia is another sequelae of HPV infection. Appro
priate workup of abnormal PAP smears should be undertaken 
independent of pregnancy.

EPSTEIN-BARR VIRUS
The causative agent of infectious mononucleosis is Epstein- 
Barr Virus (EBV), a member of the Herpesviridae family. C lin i
cal presentation includes malaise, headache, fever, pharyngitis, 
lymphadenopathy, atypical lymphocytosis, heterophile antibody, 
and transient mild hepatitis. Infection is typically self-limited. 
EBV establishes latent, reactivatable infection in B lymphocytes 
and is also associated with Hodgkin and non-Hodgkin lym
phoma. Most adults (>95%) are EBV seropositive, so primary 
EBV infection in pregnancy is rare. Primary infection and/or 
reactivation of EBV is not associated with significant adverse 
pregnancy outcome.94 An association has been found between 
EBV reactivation within pregnancy and the development of 
childhood acute lymphoblastic leukemia in the neonate.9S In 
utero EBV transmission has been demonstrated by detection of 
EBV DNA in neonatal lymphocytes.96 However, in utero infec
tion has not been directly associated with adverse outcomes. 
Routine testing is not indicated given the extremely high sero- 
prevalence and the lack of impact on pregnancy.

SMALLPOX
Variola virus is the causative agent of smallpox. Infection is 
restricted to humans, but it is highly transmissible via airborne 
droplet inhalation or by direct contact with smallpox lesions.97 
Secondary to widespread vaccination, the last reported smallpox 
case in the United States was in 1949, and the W HO declared 
global eradication in 1980. Concerns regarding the potential for 
variola virus to be used as a bioterrorism agent has led to renewed 
interest in the presentation and treatment of smallpox disease.

Smallpox infection first presents with a high fever, chills, 
headache, backache, and vomiting; this differentiates it from 
chickenpox (varicella), which has a minimal prodrome.97 Delir
ium is present in 15%, with some infections progressing 
to encephalitis. Skin lesions appear 2 to 3 days following the 
symptom onset and progress from macula to papule to vesicle 
(Fig. 53-8), vesicle to pustule to scabs, and ultimately form

FIG 53-8 Smallpox vesicles, day 3 of clinical infection. (From Tyring S, 
et al. Tropical Dermatology. Edinburgh: Saunders: 2005.)
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pitted scars. Smallpox lesions appear in a centrifugal distribution 
and affect soles and palms, whereas varicella infection exhibits a 
centripetal lesion distribution that spares the palms and soles. 
Diagnosis confirmation is via PCR reaction of pustular fluid 
and/or scabs in a biocontainment facility.

Maternal treatment is supportive; vaccination and contain
ment are critical. Historically, the maternal mortality rate of 
unvaccinated women was over 60% .97 Death usually occurs 
secondary to viral pneumonitis, bacterial pneumonia, or cardio
vascular collapse; pregnant women are also at increased risk 
for hemorrhagic smallpox, a more severe and lethal manifesta
tion of infection. When infection occurs prior to 24 weeks, 
75% of pregnancies end in loss or premature delivery. During 
the latter half of pregnancy, smallpox infection is associated 
with a 55% preterm delivery rate. Variola virus crosses the pla
centa, which enables intrauterine infection. During epidemics, 
the rate of congenital variola infection has ranged from 9% 
to 60%.

Vaccination within 2 to 3 days of initial exposure affords 
almost complete protection against disease.97,98 The currently 
available vaccine, Dryvax, is composed of live attenuated variola 
virus. This vaccine has a higher complication risk than other 
vaccines; sequelae include postvaccinal encephalitis (incidence
12 per million vaccinations, 40% mortality rate), mild general
ized vaccinia, and eczema vaccinatum. Smallpox vaccination is 
currently restricted to women in military service and research
ers who utilize related viruses. Data on women vaccinated 
during pregnancy are being compiled in the National Smallpox 
Vaccine in Pregnancy Registry.98 Fetal infection following mater
nal vaccination (fetal vaccinia) is rare and is characterized by skin 
lesions and internal organ involvement, but it is not associated 
with fetal malformations. Therefore vaccination is not consid
ered an indication for pregnancy termination. The CDC recom
mends deferring elective smallpox vaccination during pregnancy; 
however, immediate vaccination is indicated following smallpox 
exposure, independent of pregnancy, secondary to the risk of 
clinical smallpox infection to the mother and fetus.97

EBOLA 
Virology and Epidemiology
Ebola is an enveloped RNA virus member of the Filoviridae 
family. The envelope gene encodes two transcription products, 
GP and sGP, a secreted nonstructural protein. Virus-associated 
GP binds to target cells and undergoes posttranslational cleavage 
into GP, (attachment) and GP2 (fusion) subunits within the 
endosome, which enables fusion/entry. Ebola is a zoonotic 
pathogen, and fruit bats are the likely native host and viral 
reservoir. Transmission occurs via direct contact with body 
fluids of a person who is sick with or has died of Ebola (blood, 
vomit, urine, feces, sweat, semen, spit, other fluids) or infected 
animals (meat). Ebola has been isolated from semen for 3 
months following recovery, and transmission via breastfeeding 
has been documented. The incubation period is 2 to 21 days 
following exposure, and individuals become infectious at 
symptom onset. Ebola infects macrophages, which leads to 
massive inflammation, complications, and an outbreak- 
dependent mortality rate that ranges from 50% to 90%. As of 
early 2015, only a few cases of Ebola virus disease (EVD) had 
been reported in the United States (none in pregnancy). The 
2015 outbreak involved multiple West African countries: 
Guinea, Liberia, Nigeria, Senegal, and Sierra Leone. For

up-to-date information and recommendations, visit the CDC 
or W H O  sites online.

High-risk exposure includes percutaneous (e.g., needle stick) 
or mucous membrane contact with blood or body fluids from 
an EVD patient, exposure to blood or body fluids of a symp
tomatic EVD patient without appropriate personal protective 
equipment (PPE), processing blood or body fluids from a symp
tomatic EVD patient without appropriate PPE or biosafety 
precautions, or undertaking the following activities without 
appropriate PPE: direct contact with a dead body (including 
funeral rites) in Ebola-affected areas, household contact, or pro
viding direct care to a symptomatic EVD patient. Some risk is 
associated with direct contact with EVD patients with PPE or 
any direct patient care in EVD-endemic countries and even with 
a prolonged period within 3 feet of a patient with symptomatic 
EVD. Low-risk situations include visiting an EVD-endemic 
country within the past 21 days (with no known exposures), 
brief proximity to a symptomatic EVD patient, caring for an 
EVD patient with PPE in a nonendemic country, or air travel 
with a symptomatic EVD patient.

Clinical M anifestations
Early symptoms include fever, weakness, arthralgias, myalgias, 
headache, anorexia, and hiccups. Progressive symptoms can 
include nausea, vomiting, diarrhea, dysphagia, conjunctivitis, 
abdominal or hepatic tenderness, and unexplained bleeding or 
bruising. Late symptoms include seizures, chest pain, rash, and 
miscarriage. Bleeding occurs in approximately 50% of patients 
and may be solely internal. Otherwise, EVD presents as a non
specific, severe viral syndrome.

Diagnosis
A person under investigation (PUI) is someone who has both an 
epidemiologic risk factor within the 21 days prior to the onset 
of symptoms and  consistent symptoms that include a fever 
greater than 38.6° C  or subjective fever, severe headache, muscle 
pain, vomiting, diarrhea, abdominal pain, or unexplained hem
orrhage. Case confirmation requires laboratory-confirmed diag
nostic evidence of Ebola infection. W hile diagnosis is being 
considered, the patient should be isolated in a private room with 
a bathroom. Contact, droplet, and environmental control pre
cautions should be implemented, and appropriate PPE should 
be consistently used.

All specimens should be collected by staff wearing appropriate 
PPE and should be handled as category A infectious substances. 
This includes placing specimens in a leak-proof secondary con
tainer, transporting specimens to the laboratory by hand, and 
avoiding high-traffic areas. Laboratory Response Network labo
ratories conduct presumptive testing with diagnostic confirma
tion made by the CDC. Confirmatory testing is via RT-PCR, 
although virus isolation and serology can also be performed. A 
negative RT-PCR 72 hours after the onset of symptoms excludes 
EVD, and a negative RT-PCR more than 48 hours after a posi
tive test fulfills criteria for discontinuing isolation. Given non
specific symptomatology and the presence of other infectious 
diseases with similar presentation in EVD endemic areas, dif
ferential diagnosis should include malaria, bacterial infection, 
and Lassa fever, a disease endemic to portions of West Africa 
with a prevalence of greater than 10,000 cases per year and 
similar symptoms to early EVD. Diagnostic tests to rule out 
Lassa fever in patients who test negative for EVD are RT-PCR, 
antigen detection, and serology.99
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The critical element o f clinical management is prompt 
patient isolation and implementation o f recommended 
infection-control measures (standard contact and droplet pre
cautions) using appropriate PPE when caring for any PUI 
and patients with confirmed EVD. CD C guidelines for PPE 
may be accessed at www.cdc.gov/vhf/ebola/healthcare-us/ppe/ 
guidance.html. Ongoing management consists of supportive 
care, which includes aggressive IV fluid resuscitation and assess
ment and correction of electrolyte abnormalities, hypoglycemia, 
anemia, and coagulopathy. Patients should be assessed for bleed
ing, secondary infections, and other complications. Empiric 
broad-spectrum antibiotics should be instituted for suspected 
infection without awaiting cultures; this is because EVD patients 
are at risk for sepsis and associated sequelae such as increased 
vascular permeability, vasodilation, multiple organ failure, and 
shock. We recommend advanced hemodynamic and fetal 
monitoring for pregnant women with suspected EVD, main
taining O2 saturation above 95% , and utilizing vasopressors 
and ionotropic agents as needed to maintain cardiac output, 
blood pressure, and tissue perfusion. Symptomatic manage
ment of fever, nausea, vomiting, diarrhea, and abdominal pain 
is warranted."

No evidence suggests that pregnancy increases EVD suscep
tibility. However, pregnancy is thought to increase disease 
severity and mortality in the third trimester. Epidemiologic 
reports suggest a high incidence of miscarriage and fetal loss 
(greater than 80%). No reports exist of neonatal survival, 
although intrauterine Ebola transmission was recently reported 
in two patients: both women recovered, but neither fetus sur
vived.100 High maternal mortality combined with potentially 
absent neonatal survival dictates that the primary focus be 
directed toward optimizing maternal status, recognizing that 
enhanced monitoring and the capacity for intervention in the 
United States could be associated with a reduced mortality. 
Updated guidance can be accessed at www.cdc.gov/vhf/ebola/ 
healthcare-us/hospitals/pregnant-women.html.

Management of Ebola in Pregnancy

KEY POINTS

♦ Rubella immunization and HBV and HIV infection 
screening is standard. HIV screening should be per
formed via an “opt out” approach, and in high preva
lence areas, repeat screening in the third trimester 
should be considered. Varicella screening may be con
sidered in women without a history of infection. 
Routine CM V  screening is not recommended second
ary to high seroprevalence.

♦ The ACOG and the CD C recommend seasonal influ
enza vaccination (October through May) for all preg
nant women with intramuscular inactivated vaccine. 
HAV and HBV vaccination are also safe in pregnancy 
and should be offered based on risk and susceptibility. 
Live attenuated vaccines for rubeola, rubella, and 
varicella infection should be deferred until after 
pregnancy.

♦ Rapid intrapartum HIV testing should be accessible to 
women without documented HIV status because most 
perinatally infected infants are born to women unaware 
of their HIV status.

♦ The standard of care for HIV infection is cART with at 
least three drugs from at least two classes of antiretrovi
rals. Early, sustained control of viral replication is associ
ated with decreased HIV transmission. Fully suppressive 
preconception therapy is recommended, and cART 
should be started as early in pregnancy as possible for 
women entering pregnancy not already on cART.

♦ Pregnant women suspected to be infected with influenza 
should receive treatment immediately, without delay for 
diagnostic confirmation.

♦ Fetal parvovirus infection may result in fetal anemia and 
hydrops. Women with documented infection should be 
screened serially with ultrasound. Middle cerebral artery 
Doppler studies may also be used.

♦ Rubeola (measles) is one of the most infectious viruses, 
and 75% to 90% of exposed, susceptible contacts 
become infected. Measles infection can cause SSPE, a 
progressive, uniformly fatal neurologic disease. Infec
tion may originate in individuals born outside the 
United States, but gaps in vaccination permit the spread 
of outbreaks in the United States.

♦ CM V transmission is highest during the third trimester 
with a 30% to 40% fetal transmission risk. Serious 
sequelae are most common following first-trimester 
infection, whereby 24% of infected fetuses have senso
rineural hearing loss and 32% have other central nervous 
system sequelae.

♦ Susceptible varicella-exposed women should receive 
VZIG to reduce the risk of infection and transmission. 
The addition of prophylactic acyclovir may further 
reduce maternal infection risk.

♦ Infants born to HBsAg-positive mothers should receive 
both HBIG and HBV vaccine within 12 hours of birth 
to reduce perinatal HBV infection. Antepartum tenofo- 
vir treatment should also be considered for women 
at high risk for HBV transmission (HIV coinfection, 
prior HBV transmission, high HBV loads, or immune- 
tolerant infection).

♦ Given the potential to effect virologic cure and the 
ancillary benefit of reducing perinatal transmission, 
consideration should be given to diagnosing and treat
ing HCV infection prior to conception. Ribavirin- 
sparing regimens permit therapy initiation during 
pregnancy.

♦ EVD severity and mortality is increased in the third 
trimester of pregnancy, with almost universal fetal loss. 
Appropriate infection control combined with hemody
namic monitoring and aggressive maternal care, inde
pendent of fetal effects, is recommended.

REFERENCES
1. Centers for Disease Control and Prevention. M onitorin g sele cted  national 

HIV prev en tion  an d  care ob jectives by using HIV surveillan ce data— United 
States a n d  6  d ep end en t areas—2012. HIV Surveillance Supplemental 
Report 20l4;19(No. 3). Available at <http://www.cdc.gov/hiv/library/ 
reports/surveillance/>.

2. Centers for Disease Control and Prevention and Association of Public 
Health Laboratories. Laboratory Testing f o r  th e Diagnosis o f  HIV In fection : 
Updated Recommendations. Available at <http://dx.doi.org/10.15620/ 
cdc.23447>.

ak
us

he
r-li

b.r
u

http://www.cdc.gov/vhf/ebola/healthcare-us/ppe/
http://www.cdc.gov/vhf/ebola/
http://www.cdc.gov/hiv/library/%e2%80%a8reports/surveillance/
http://www.cdc.gov/hiv/library/%e2%80%a8reports/surveillance/
http://dx.doi.org/10.15620/%e2%80%a8cdc.23447
http://dx.doi.org/10.15620/%e2%80%a8cdc.23447


1128 Section VI Pregnancy and Coexisting Disease

3. Branson BM, et al. Revised recommendations for HIV testing of adults, 
adolescents, and pregnant women in health-care settings. MMWR Recomm  
Rep. 2006;55:1-17.

4. Panel on Opportunistic Infections in HIV-Infected Adults and Adoles
cents. Guidelines f o r  the p rev en tion  a n d  trea tm en t o f  opportunistic in fections 
in  H IV-infected adults a n d  adolescents: recom m endations fr om  the Centers f o r  
Disease Control a n d  Prevention, th e N ational Institutes o f  Health, a n d  the 
HIV M ed icin e Association o f  the In fectious Diseases Society o f  America. Avail
able at <http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf>.

5. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines 
f o r  the use o f  antiretrovira l agents in  HIV-1-in fe c ted  adults an d  adolescents. 
Department of Health and Human Services. Available at <http://www 
.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf>.

6. Connor EM, et al. Reduction of maternal-infant transmission of human 
immunodeficiency virus type 1 with zidovudine treatment. Pediatric 
AIDS Clinical Trials Group Protocol 076 Study Group. N  Engl J  Med. 
1994;331:1173-1180.

7. Panel on Treatment of HIV-Infected Pregnant Women and Prevention 
of Perinatal Transmission. Recom m endations f o r  Use o f  A ntiretroviral Drugs 
in P regnant HIV-1 -In fected  Women f o r  M aterna l Health a n d  In terventions 
to R educe Perinatal HIV Transmission in th e United States. Available at: 
<http://aidsinfo.nih.gov/contentfiles/lvguidelines/PerinatalGL.pdf>.

8. Pas S, et al. Performance Evaluation of the New Roche Cobas AmpliPrep/ 
Cobas TaqMan HIV-1 Test Version 2.0 for Quantification of Human 
Immunodeficiency Virus Type 1 RNA. J  Clin M icrobiol. 2010;48: 
1195-1200.

9. Ioannidis JP, et al. Perinatal transmission of human immunodeficiency 
virus type 1 by pregnant women with RNA virus loads <1000 copies/ml. 
J  In fect Dis. 2001;183:539-545.

9a. Antiretroviral Pregnancy Registry Steering Committee. A ntiretroviral Preg
nancy Registry in terna tiona l in terim  report f o r  1 Jan  1989-31 January 2015. 
Wilmington, NC: Registry Coordinating Center; Available at: <http:// 
www.APRegistry.com>.

10. Hitti J, et al. Protease inhibitor-based antiretroviral therapy and glucose 
tolerance in pregnancy: AIDS Clinical Trials Group A5084. Am J  Obstet 
Gynecol. 2007; 196:331, e l -7.

11. Kaplan JE, et al. Guidelines for prevention and treatment of opportunistic 
infections in HIV-infected adults and adolescents: recommendations from 
CDC, the National Institutes of Health, and the HIV Medicine Associa
tion of the Infectious Diseases Society of America. MMWR Recomm Rep. 
2009;58:1-207.

12. Townsend CL, et al. Low rates of mother-to-child transmission of HIV 
following effective pregnancy interventions in the United Kingdom and 
Ireland, 2000-2006. AIDS. 2008;22:973-981.

13. Somigliana E, et al. Early invasive diagnostic techniques in pregnant 
women who are infected with the HIV: a multicenter case series. Am J  
Obstet Gynecol. 2005;193:437-442.

14. Mandelbrot L, et al. Amniocentesis and mother-to-child human immu
nodeficiency virus transmission in the Agence Nationale de Recherches sur 
le SIDA et les Hepatites Virales French Perinatal Cohort. Am J  Obstet 
Gynecol. 2009;200:160, e l -9.

15. Read JS, Newell MK. Efficacy and safety of cesarean delivery for preven
tion of mother-to-child transmission of HIV-1. Cochrane Database Syst 
Rev. 2005;(4):CD005479.

16. Duration of ruptured membranes and vertical transmission of HIV-1: 
a meta-analysis from 15 prospective cohort studies. AIDS. 2001; 15: 
357-368.

17. Schneider E, et al. Revised surveillance case definitions for HIV infection 
among adults, adolescents, and children aged <18 months and for HIV 
infection and AIDS among children aged 18 months to <13 years-United 
States, 2008. MMWR Recomm Rep. 2008;57:1-12.

18. Patel K, et al. Prenatal protease inhibitor use and risk of preterm birth 
among HIV-infected women initiating antiretroviral drugs during preg
nancy. J  In fect Dis. 2010;201:1035-1044.

19. Siston AM, et al. Pandemic 2009 influenza A(H1N1) virus illness among 
pregnant women in the United States. JAMA. 2010;303:1517-1525.

20. Louie JK, et al. Pregnancy and severe influenza infection in the 2013-2014 
influenza season. Obstet Gynecol. 2015;125:184-192.

21. Goodnight WH, Soper DE. Pneumonia in pregnancy. Crit Care Med. 
2005;33:S390-S397.

22. Varner MW, et al. Influenza-like illness in hospitalized pregnant and post
partum women during the 2009-2010 H 1N 1 pandemic. Obstet Gynecol. 
2011;118:593-600.

23. Maternal and Infant Outcomes Among Severely 111 Pregnant and Postpar
tum Women with 2009 Pandemic Influenza A (H lN l)-U n ited  States,

April 2009-August 2010. MMWR M orb M orta l Wkly Rep. 2011;60: 
1193-1196.

24. Committee on Obstetric Practice and Immunization Expert Work Group, 
Centers for Disease Control and Preventions Advisory Committee on 
Immunization, United States &c American College of Obstetricians and 
Gynecologists. Committee opinion no. 608: influenza vaccination during 
pregnancy. Obstet Gynecol. 2014;124:648-651.

25. Thurn J. Human parvovirus B19: historical and clinical review. Rev In fect 
Dis. 1988;10:1005-1011.

26. Cosmi E, et al. Noninvasive diagnosis by Doppler ultrasonography of 
fetal anemia resulting from parvovirus infection. Am J  Obstet Gynecol. 
2002;187:1290-1293.

27. Prospective study of human parvovirus (B19) infection in pregnancy. 
Public Health Laboratory Service Working Party on Fifth Disease. BMJ. 
1990;300:1166-1170.

28. Enders M, Weidner A, Zoellner I, Searle K, Enders G. Fetal morbidity 
and mortality after acute human parvovirus B19 infection in pregnancy: 
prospective evaluation of 1018 cases. Prenat D iagn. 2004;24:513-518.

29. Rodis JF, et al. Management of parvovirus infection in pregnancy and 
outcomes of hydrops: a survey of members of the Society of Perinatal 
Obstetricians. Am J  Obstet Gynecol. 1998;179:985-988.

30. Sahakian V, Weiner CP, Naides SJ, Williamson RA, Scharosch LL. Intra
uterine transfusion treatment of nonimmune hydrops fetalis secondary 
to human parvovirus B19 infection. Am J  Obstet Gynecol. 1991; 164: 
1090-1091.

31. De Haan TR, et al. Thrombocytopenia in hydropic fetuses with parvovirus 
B19 infection: incidence, treatment and correlation with fetal B19 viral 
load. BJOG. 2008;115:76-81.

32. Miller E, Fairley CK, Cohen BJ, Seng C. Immediate and long term 
outcome of human parvovirus B19 infection in pregnancy. Br J  Obstet 
Gynaecol. 1998;105:174-178.

33. Perkin MA, English PM. Immediate and long term outcome of human 
parvovirus B19 infection in pregnancy. Br J  Obstet Gynaecol. 1998; 105: 
1337-1338.

34. Rodis JF, et al. Long-term outcome of children following maternal human 
parvovirus B19 infection. Obstet Gynecol. 1998;91:125-128.

35. Brunell PA. Measles. In: Bennett J, Plum F, eds. C ecil Textbook o f  M edicine. 
Philadelphia: W. B. Saunders Company; 1996:1758-1760.

36. Eberhart-Phillips JE, Frederick PD, Baron RC, Mascola L. Measles 
in pregnancy: a descriptive study of 58 cases. Obstet Gynecol. 1993;82: 
797-801.

37. Ali ME, Albar HM. Measles in pregnancy: maternal morbidity and peri
natal outcome. In t J  G ynaecol Obstet. 1997;59:109-113.

38. McLean HQ, Fiebelkorn AP, Temte JL, Wallace GS, Centers for Disease 
Control and Prevention. Prevention of measles, rubella, congenital rubella 
syndrome, and mumps, 2013: summary recommendations of the Advisory 
Committee on Immunization Practices (ACIP). MMWR Recomm Rep. 
2013;62:1-34.

39. Neubert AG, Samuels P, Goodman DB, Rose NC. The seroprevalence of 
the rubeola antibody in a prenatal screening program. Obstet Gynecol. 
1997;90:507-510.

40. Miller E, Cradock-Watson JE, Pollock TM. Consequences of confirmed 
maternal rubella at successive stages of pregnancy. Lancet. 1982;2: 
781-784.

41. Munro ND, Sheppard S, Smithells RW, Holzel H, Jones G. Temporal 
relations between maternal rubella and congenital defects. Lancet. 1987;2: 
201-204.

42. Control and prevention of rubella: evaluation and management of sus
pected outbreaks, rubella in pregnant women, and surveillance for con
genital rubella syndrome. MMWR R ecomm  Rep. 2001;50:1-23.

43. McIntosh ED, Menser MA. A fifty-year follow-up of congenital rubella. 
Lancet. 1992;340:414-415.

44. Townsend JJ, et al. Progressive rubella panencephalitis. Late onset after 
congenital rubella. N Engl J  Med. 1975;292:990-993.

45. Taber LH, Frank AL, Yow MD, Bagley A. Acquisition of cytomegaloviral 
infections in families with young children: a serological study. J  In fect Dis. 
1985;151:948-952.

46. Stagno S, Britt W. C ytom egalovirus In fections. Philadelphia: Elsevier; 
2006.

47. Nigro G, Adler SP, La Torre R, Best AM. Passive immunization during 
pregnancy for congenital cytomegalovirus infection. N  Engl J  Med. 2005; 
353:1350-1362.

48. Revello MG, et al. A randomized trial of hyperimmune globulin 
to prevent congenital cytomegalovirus. N  Engl J  M ed. 2014;370: 
1316-1326.

ak
us

he
r-li

b.r
u

http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
http://www%e2%80%a8.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://www%e2%80%a8.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/PerinatalGL.pdf
http://%e2%80%a8www.APRegistry.com
http://%e2%80%a8www.APRegistry.com


Chapter 53 Maternal and Perinatal Infection in Pregnancy: Viral 1129

49. Stagno S, et al. Primary cytomegalovirus infection in pregnancy. Inci
dence, transmission to fetus, and clinical outcome. JAMA. 1986;256: 
1904-1908.

50. Pass RF, Fowler KB, Boppana SB, Britt WJ, Stagno S. Congenital cyto
megalovirus infection following first trimester maternal infection: symp
toms at birth and outcome. /  Clin Virol. 2006;35:216-220.

51. Fowler KB, et al. The outcome of congenital cytomegalovirus infection in 
relation to maternal antibody status. N  Engl J  M ed. 1992;326:663-667.

52. Lewis PE, Cefalo RC, Zaritsky AL. Fetal heart block caused by cytomega
lovirus. Am J  Obstet Gynecol. 1980;136:967-968.

53. Pletcher BA, et al. Intrauterine cytomegalovirus infection presenting as 
fetal meconium peritonitis. Obstet Gynecol. 1991;78:903-905.

54. Brown ZA, et al. Asymptomatic maternal shedding of herpes simplex virus 
at the onset of labor: relationship to preterm labor. Obstet Gynecol. 
1996;87:483-488.

55. ACOG Practice Bulletin. Clinical management guidelines for obstetrician- 
gynecologists. No. 82 June 2007. Management of herpes in pregnancy. 
Obstet Gynecol. 2007;109:1489-1498.

56. Randolph AG, Washington AE, Prober CG. Cesarean delivery for women 
presenting with genital herpes lesions. Efficacy, risks, and costs. JAMA. 
1993;270:77-82.

57. Arvin AM, et al. Failure of antepartum maternal cultures to predict the 
infant’s risk of exposure to herpes simplex virus at delivery. N  Engl J  Med. 
1986;315:796-800.

58. Andrews WW, et al. Valacyclovir therapy to reduce recurrent genital herpes 
in pregnant women. Am J  Obstet Gynecol. 2006;194:774-781.

59. Brown ZA, et al. Effect of serologic status and cesarean delivery on trans
mission rates of herpes simplex virus from mother to infant. JAMA. 
2003;289:203-209.

60. Thompson C, Whitley R. Neonatal herpes simplex virus infections: where 
are we now? Hot topics in infection and immunity in children VII. In: 
Curtis N, Finn A, Pollard AJ, eds. A dvances in Experimental M ed icin e a n d  
Biology. Vol 697. New York: Springer; 2011:221-230.

61. Varicella-related deaths among adults—United States, 1997. MMWR M orb 
M orta l Wkly Rep. 1997;46:409-412.

62. Chapman S, DufF P. Varicella in pregnancy. Semin Perinatol. 1993; 17: 
403-409.

63. Wald ER. Transmission of varicella-vaccine virus: what is the risk? 
J  Pediatr. 1998;133:310-311.

64. Smith CK, Arvin AM. Varicella in the fetus and newborn. Semin Fetal 
N eonatal M ed. 2009;14:209-217.

65. Asano Y, et al. Postexposure prophylaxis of varicella in family contact by 
oral acyclovir. Pediatrics. 1993;92:219-222.

66. Goldstein SL, Somers MJ, Lande MB, Brewer ED, Jabs KL. Acyclovir 
prophylaxis of varicella in children with renal disease receiving steroids. 
Pediatr Nephrol. 2000;14:305-308.

67. Enders G, Miller E, Cradock-Watson J, Bolley I, Ridehalgh M. Conse
quences of varicella and herpes zoster in pregnancy: prospective study of
1739 cases. Lancet. 1994;343:1548-1551.

68. Isada NB, et al. In utero diagnosis of congenital varicella zoster virus infec
tion by chorionic villus sampling and polymerase chain reaction. Am J  
Obstet Gynecol. 1991;165:1727-1730.

69. Pretorius DH, Hayward I, Jones KL, Stamm E. Sonographic evaluation 
of pregnancies with maternal varicella infection. J  Ultrasound Med. 
1992;11:459-463.

70. Wedemeyer H, Pawlotsky JM . Acute viral hepatitis. In: Goldman L, 
Schafer A l, eds. Goldman’s C ecil M edicin e. Philadelphia: Elsevier; 2012: 
966-973.

71. ACOG Practice Bulletin No. 86: Viral hepatitis in pregnancy. Obstet 
Gynecol. 2007;110:941-956.

72. Trepo C, Chan HL, Lok A. Hepatitis B virus infection. Lancet. 
2014;384:2053-2063.

73. Hepatitis B vaccination—United States, 1982-2002. MMWR M orb M orta l 
Wkly Rep. 2002;51:549-552, 563.

74. Davies G, et al. Amniocentesis and women with hepatitis B, hepatitis C, 
or human immunodeficiency virus. J  Obstet G ynaecol Can. 2003;25:145- 
148, 149-152.

75. Hill JB, et al. Risk of hepatitis B transmission in breast-fed infants of 
chronic hepatitis B carriers. Obstet Gynecol. 2002;99:1049-1052.

76. Mast EE, et al. A comprehensive immunization strategy to eliminate 
transmission of hepatitis B virus infection in the United States:

recommendations of the Advisory Committee on Immunization Practices 
(ACIP) part 1: immunization of infants, children, and adolescents. 
MMWR Recomm Rep. 2005;54:1-31.

77. Wang Z, et al. Quantitative analysis of HBV DNA level and HBeAg titer 
in hepatitis B surface antigen positive mothers and their babies: HBeAg 
passage through the placenta and the rate of decay in babies. J  M ed  Virol. 
2003;71:360-366.

78. Dunkelberg JC, Berkley EM, Thiel KW, Leslie KK. Hepatitis B and C 
in pregnancy: a review and recommendations for care. J  Perinatol.
2014;34:882-891.

79. Cholongitas E, Tziomalos K, Pipili C. Management of patients with hepa
titis B in special populations. World J  Gastroenterol. 2015;21:1738-1748.

80. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology. 
2009;50:661-662.

81. American Association for the Study of Liver Diseases/Infection 
Disease Society of America/International Antiviral Society-USA. Recom
mendations f o r  testing, managing, an d  trea ting hepatitis C. Available at 
<www.hcvguidelines.org>.

82. Schuval S, et al. Hepatitis C prevalence in children with perinatal human 
immunodeficiency virus infection enrolled in a long-term follow-up pro
tocol. Arch P ediatr Adolesc M ed. 2004;158:1007-1013.

83. A Significant Sex-but Not Elective Cesarean Section-EfFect on Mother- 
to-Child Transmission of Hepatitis C Virus Infection. J  In fect Dis. 2005; 
192:1872-1879.

84. Roberts SS, et al. The Ribavirin Pregnancy Registry: Findings after 5 years 
of enrollment, 2003-2009. Birth Defects Res A Clin M ol Teratol. 2010;88: 
551-559.

85. Ramia S, Bahakim H. Perinatal transmission of hepatitis B virus-associated 
hepatitis D virus. Ann Inst Pasteur Virol. 1988;139:285-290.

86. Renou C, Pariente A, Nicand E, Pavio N. Pathogenesis of Hepatitis E in 
pregnancy. Liver Int. 2008;28:1465, author reply 1466.

87. Kumar A, Beniwal M, Kar P, Sharma JB, Murthy NS. Hepatitis E in 
pregnancy. In t J  G ynaecol Obstet. 2004;85:240-244.

88. Khuroo MS, Kamili S, Jameel S. Vertical transmission of hepatitis E virus. 
Lancet. 1995;345:1025-1026.

89. Ornoy A, Tenenbaum A. Pregnancy outcome following infections by cox- 
sackie, echo, measles, mumps, hepatitis, polio and encephalitis viruses. 
Reprod Toxicol. 2006;21:446-457.

90. Archer JS. Acute liver failure in pregnancy. A case report. J  R eprod Med. 
2001;46:137-140.

91. Axelsson C, Bondestam K, Frisk G, Bergstrom S, Diderholm H. Coxsackie 
B virus infections in women with miscarriage. J  M ed  Virol. 1993;39: 
282-285.

92. Dahlquist GG, Ivarsson S, Lindberg B, Forsgren M. Maternal enteroviral 
infection during pregnancy as a risk factor for childhood IDDM. A 
population-based case-control study. Diabetes. 1995;44:408-413.

93. Worda C, et al. Prevalence of cervical and intrauterine human papilloma
virus infection in the third trimester in asymptomatic women. /  Soc 
G ynecol Investig. 2005;12:440-444.

94. Eskild A, Bruu AL, Stray-Pedersen B, Jenum P. Epstein-Barr virus infection 
during pregnancy and the risk of adverse pregnancy outcome. BJOG. 
2005;112:1620-1624.

95. Lehtinen M, et al. Maternal herpesvirus infections and risk of acute 
lymphoblastic leukemia in the offspring. Am J  Epidemiol. 2003; 158: 
207-213.

96. Meyohas MC, et al. Study of mother-to-child Epstein-Barr virus transmis
sion by means of nested PCRs. J  Virol. 1996;70:6816-6819.

97. Suarez VR, Hankins GD. Smallpox and pregnancy: from eradicated 
disease to bioterrorist threat. Obstet Gynecol. 2002;100:87-93.

98. Women with smallpox vaccine exposure during pregnancy reported to the 
National Smallpox Vaccine in Pregnancy Registry-United States, 2003. 
MMWR M orb M orta l Wkly Rep. 2003;52:386-388.

99. World Health Organization. C linica l m anagem en t o f  pa tien ts w ith  vira l 
haem orrhagic f e v e r : A pock et gu id e  f o r  the fr o n td in e  health worker. Avail
able at <www.who.int/csr/resources/publications/clinical-management 
-patients/en/>.

100. Baggi FM, et al. Management of pregnant women infected with Ebola 
virus in a treatment centre in Guinea, June 2014. Euro Surveill. 2014; 19.

A dditional references f o r  this chapter a re available a t  ExpertConsult.com.

ak
us

he
r-li

b.r
u

http://www.hcvguidelines.org
http://www.who.int/csr/resources/publications/clinical-management%e2%80%a8-patients/en/
http://www.who.int/csr/resources/publications/clinical-management%e2%80%a8-patients/en/


CH
AP

TE
R 

54 Maternal and 
Perinatal Infection in 
Pregnancy: Bacterial
PATRICK DUFF and MEREDITH BIRSNER

I

Group B Streptococcal Urinary Tract Infections 1133 Puerperal Endometritis 1137
Infection 1130 Acute Urethritis 1133 Serious Sequelae of Puerperal

Epidemiology 1130 Asymptomatic Bacteriuria and Acute Infection 1139

Maternal Complications 1131 Cystitis 1133 Toxoplasmosis 1142
Diagnosis 1131 Acute Pyelonephritis 1134 Listeriosis 1144

Prevention of Group B Streptococcal Upper Genital Tract Infections 1135
Infection 1131 Chorioamnionitis 1135

KEY ABBREVIATIO NS

Acute respiratory distress syndrom e ARDS
Body mass index BMI
Centers fo r Disease Control and CDC

Prevention
Central venous pressure CVP
Com puted tom ography CT
Group B Streptococcus GBS
Human im m unodefic iency virus HIV
Listeria monocytogenes LM
M agnetic resonance im aging MRI
M eth ic illin-resistant Staphylococcus MRSA

aureus
Nucleic acid am plifica tion  test NAAT
Polymerase chain reaction PCR
Premature rupture  o f the m em branes PROM
System ic im m une response syndrom e SIRS

Bacterial infections are the single most common com
plication encountered by the obstetrician. Some infec
tions, such as puerperal endometritis and lower urinary tract 
infection, are of principal concern to the mother and pose 
little or no risk to the fetus or neonate. Others, such as lis
teriosis and toxoplasmosis, are of greatest threat to the fetus. 
Still others— such as group B streptococcal infection (GBS), 
pyelonephritis, and chorioamnionitis—may cause serious mor
bidity, even life-threatening complications, for both the mother 
and baby The purpose of this chapter is to review in detail 
the major bacterial infections and the key protozoan infection 
(toxoplasmosis) that the obstetrician confronts in daily clinical 
practice.

GROUP B STREPTOCOCCAL INFECTION 
Epidemiology
Streptococcus agalactiae is a gram-positive encapsulated coccus 
that produces (3-hemolysis when grown on blood agar. On 
average, about 20%  to 25%  o f pregnant women in the United 
States harbor this group B Streptococcus (GBS) in their lower 
genital tract and rectum. GBS is one o f the most important 
causes o f early-onset neonatal infection. The prevalence of 
neonatal GBS infection now is about 0.5 per 1000 live births, 
and about 10,000 cases of neonatal streptococcal septicemia 
occur each year in the United States.1

Neonatal GBS infection can be divided into early-onset and 
late-onset infection, and Table 54-1 summarizes characteristics 
of both. About 80%  to 85%  o f cases o f neonatal GBS infec
tion are early in onset and result almost exclusively from 
vertical transmission from a colonized mother. Early-onset 
infection presents primarily as a severe pneumonia and over
whelming septicemia. In preterm infants, the mortality rate 
from early-onset GBS infection may approach 25% . In term 
infants, the mortality rate is lower, averaging about 5%.2 
Late-onset neonatal GBS infection occurs as a result of both 
vertical and horizontal transmission. It is typically manifested by 
bacteremia, meningitis, and pneumonia. The mortality rate 
from late-onset infection is about 5% for both preterm and term 
infants.1 Unfortunately, obstetric interventions have proved inef
fective in preventing late-onset neonatal infection. Therefore the 
remainder of this discussion focuses on early-onset infection.

Major risk factors for early-onset infection include preterm 
labor, especially when complicated by preterm premature 
rupture o f the membranes (PROM); intrapartum maternal 
fever (chorioamnionitis); prolonged rupture o f membranes, 
defined as greater than 18 hours; previous delivery of an 
infected infant; young age; and black or Hispanic ethnicity.1 
About 25% of pregnant women have at least one risk factor for 
GBS infection. The neonatal attack rate in colonized patients is 
40% to 50% in the presence of a risk factor and less than 5% 
in the absence of a risk factor. In infected infants, neonatal
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TABLE 54-1 C H A R A C T E R IS T IC S  O F E A R L Y - A N D  L A T E -O N S E T  N E O N A T A L  G B S  S E P S IS _________________________

1131

TYPE OF GBS SEPSIS TIMING % OF CASES RISK FACTORS INCIDENCE MORTALITY RATE

Early onset Within first 85% • Gestational age <37 weeks 0.34 to 0.37 cases per 2% to 3% (term
week • Preterm premature rupture of 1000 live births infants); 20% to

membranes 30% (preterm
• Longer duration of membrane infants)

rupture
• Intraamniotic infection
• Young maternal age
• Black or Hispanic race
• Prior delivery of an infant 

with GBS disease
Late onset After first week 15% • Gestational age <37 weeks 0.3 to 0.4 cases per 1% to 2% (term

(Up to 3 • Black race 1000 live birth infants); 5% to 6%
months) _________* Maternal GBS colonization______________________________ (preterm infants)

GBS, group B Streptococcus.

TABLE 54-2 RELIABILITY OF RAPID DIAGNOSTIC TESTS FOR GROUP B STREPTOCOCCI
TEST PERFORMANCE

TEST SENSITIVITY (%) SPECIFICITY <%) PV+ (%) PV (%)

Gram stain 34-100 60-70 13-33 86-100

Growth in starch medium 93-98 98-99 65-98 89-99
Antigen detection (coagglutination, latex 4-88* 92-100 15-100 76-99

particle agglutination, enzyme immunoassay) 
DNA probe1 >90 90 61 94

*Sensitivities for identification of heavily colonized women ranged from 29% to 100%. 
^Specimens were grown in culture for 3.5 hours before the DNA probe was used.

mortality approaches 30% to 35% when a maternal risk factor 
is present but is less than 5% when a risk factor is absent.2’3

Maternal Complications
Several obstetric complications occur with increased frequency 
in pregnant women who are colonized with GBS. The organism 
is one of the major causes of chorioamnionitis and postpartum 
endometritis. It may cause postcesarean delivery wound 
infection, usually in conjunction with other aerobic and anaero
bic bacilli and staphylococci. The organism also is responsible 
for approximately 2% to 3% of lower urinary tract infections 
in pregnant women.1 GBS urinary tract infection, in turn, is a 
risk factor for preterm PROM and preterm labor. For example, 
Thomsen and colleagues4 reported a study of 69 women at 27 
to 31 weeks’ gestation who had streptococcal urinary tract infec
tions. Patients were assigned to treatment with either penicillin 
or placebo. Treated patients had a significant reduction in the 
frequency of both preterm PROM and preterm labor.

Other investigations have confirmed the association between 
GBS colonization and preterm labor and preterm PROM. 
Women with the latter complication who are colonized with 
GBS tend to have a shorter latent period and higher frequency 
of chorioamnionitis and puerperal endometritis compared with 
noncolonized women.5

Diagnosis
The gold standard for the diagnosis o f GBS infection is bac- 
teriologic culture. Todd-Hewitt broth or selective blood agar is 
the preferred medium. Specimens for culture should be 
obtained from the lower vagina, perineum, and perianal area 
using a simple cotton swab. In recent years, considerable 
research has been devoted to assessment of rapid diagnostic tests 
for the identification of colonized women. Table 54-2 summa
rizes the results of several investigations of rapid diagnostic

tests.6,7 The information in this table is based on the review by 
Yancey and associates.6 These authors noted that, although the 
rapid diagnostic tests had reasonable sensitivity in identifying 
heavily colonized patients, they had poor sensitivity in identify
ing lightly and moderately colonized patients.

Although the first-generation rapid diagnostic tests were not 
as valuable as originally hoped, Bergeron and colleagues8 reported 
exceptionally favorable results with a new polymerase chain reac
tion (PCR) assay for GBS. In a series of 112 patients, the authors 
documented a sensitivity of 97%, specificity of 100%, positive 
predictive value of 100%, and negative predictive value of 99%. 
This PCR assay now is commercially available and offers clear 
promise as a rapid test for screening patients at the time of 
admission for labor. Ahmadzia and colleagues5 recently reviewed 
the diagnostic accuracy of intrapartum nucleic acid amplifica
tion tests (NAATs) for GBS and reported that the sensitivity 
ranged from 91% to 94%.

Prevention of Group B Streptococcal Infection
In the past 20 years, several strategies have been proposed for 
the prevention of neonatal GBS infection.2'3,10 1_ Each strategy 
has had major imperfections. In 1996, however, the Centers for 
Disease Control and Prevention (CDC) published a series of 
recommendations that incorporated the major advantages of 
previous protocols and minimized some of the more problematic 
aspects of selected strategies.12 The initial CDC guidelines rec
ommended either universal culturing of all patients at 35 to 37 
weeks’ gestation and intrapartum treatment of all colonized 
women or selective treatment on the basis of identified risk 
factors. Subsequently, in a large population-based survey, Rosen- 
stein and Schuchat13 assessed the theoretic impact of the CDC 
recommendations and showed that a strategy of universal cultur
ing and treatment of all colonized patients would prevent 78% 
of cases of neonatal infection. In contrast, only 41% of cases
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1132 Section VI Pregnancy and Coexisting Disease

* Broader spectrum agents, including an agent active against GBS, might be necessary for treatment 
of chorioamnionitis.

t  Doses ranging from 2.5 to 3.0 million units are acceptable for the doses administered every 4 hours 
following the initial dose. The choice of dose within that range should be guided by which 
formulations of penicillin G are readily available to reduce the need for pharmacies to specially 
prepare doses.

§ Penicillin-allergic patients with a history of anaphylaxis, angioedema, respiratory distress, or urticaria 
following administration of penicillin or a cephalosporin are considered to be at high risk for 
anaphylaxis and should not receive penicillin, ampicillin, or cefazolin for GBS intrapartum 
prophylaxis. For penicillin-allergic patients who do not have a history of those reactions, cefazolin is 
the preferred agent because pharmacologic data suggest it achieves effective intraamniotic 
concentrations. Vancomycin and clindamycin should be reserved for penicillin-allergic women at high 
risk for anaphylaxis.

H If laboratory facilities are adequate, clindamycin and erythromycin susceptibility testing should be 
performed on prenatal GBS isolates from penicillin-allergic women at high risk for anaphylaxis. If no 
susceptibility testing is performed, or the results are not available at the time of labor, vancomycin is 
the preferred agent for GBS intrapartum prophylaxis for penicillin-allergic women at high risk for 
anaphylaxis.

** Resistance to erythromycin is often but not always associated with clindamycin resistance. If an 
isolate is resistant to erythromycin, it might have inducible resistance to clindamycin, even if it 
appears susceptible to clindamycin. If a GBS isolate is susceptible to clindamycin, resistant to 
erythromycin, and testing for inducible clindamycin resistance has been performed and is negative 
(no inducible resistance), then clindamycin can be used for GBS intrapartum prophylaxis instead of 
vancomycin.

FIG 54-1 Recommended regimens for intrapartum antibiotic prophylaxis for prevention of early-onset group B Streptococcus (GBS) disease. IV, 
intravenously.

were prevented when patients were targeted for prophylaxis just 
on the basis of risk factors. In addition, Locksmith and col
leagues14 confirmed that universal culturing also was of value in 
decreasing the rate of maternal infection compared with a strat
egy of only treating on the basis of risk factors.

In 2010, the CDC issued its most recent guidelines for pre
vention of early-onset GBS infection.1 The newest guidelines 
recommend universal cultures in all patients as the optimal 
method o f prevention. Cultures should be performed at 35 
to 37  weeks’ gestation. All patients who test positive should 
receive intrapartum antibiotic prophylaxis with one o f the 
regimens outlined in Figure 54-1. Ideally, antibiotics should 
be administered at least 4 hours before delivery. DeCueto and 
coworkers15 demonstrated that the rate of neonatal GBS infec
tion was reduced significantly when patients were treated for at

least this long. In a subsequent investigation to assess tim ing of 
antibiotic prophylaxis, McNanley and associates16 showed that 
mean vaginal GBS counts decreased fivefold within 2 hours of 
antibiotic administration, fiftyfold within 4 hours, and almost 
a thousandfold within 6 hours.

The new CD C guidelines also addressed issues that previously 
had been imprecisely defined.1 Colonized patients scheduled 
for a planned cesarean delivery do not require intrapartum  
prophylaxis. Patients who tested positive for GBS in a pre
vious pregnancy should not be assumed to be colonized 
and should be retested with each pregnancy. This recom
mendation is supported by a later report from Edwards and 
coworkers.1 These authors noted that only 59% of patients 
who were culture positive in a previous pregnancy were positive 
in the current pregnancy. Conversely, however, patients who
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Chapter 54 Maternal and Perinatal Infection in Pregnancy: Bacterial

TABLE 54-3 INTRAPARTUM ANTIBIOTIC PROPHYLAXIS TO PREVENT EARLY-ONSET GROUP B 
STREPTOCOCCAL DISEASE ________

IN TR APA R TU M  GBS PR O PH YLAXIS IN D IC ATED

• Previous infant with invasive GBS disease
• GBS bacteriuria during any trimester of the current pregnancy
• Positive GBS vaginal-rectal screening culture in late gestation (35 to 37 weeks optimally) during the 

current pregnancy
• Unknown GBS status at the onset of labor (culture not done, incomplete, or results unknown) and 

any of the following intrapartum risk factors:
• Delivery at less than 37 weeks
• Amniotic membrane rupture >18 hours
• Intrapartum temperature >100.4° F (>38.0° C)
• Intrapartum NAAT positive for GBS

• Presence of one of the above intrapartum risk factors, even if  intrapartum NAAT is negative for GBS
• Unknown GBS status at the onset of labor (culture not done, incomplete, or results unknown) and 

any of the following intrapartum risk factors:
• Delivery at less than 37 weeks
• Amniotic membrane rupture >18 hours
• Intrapartum temperature >100.4° F (>38.0° C)
• Intrapartum NAAT positive for GBS__________________

IN TR APAR TU M  GBS PRO PHYLAXIS 
NOT IN D IC ATED

• Colonization with GBS during a previous 
pregnancy

• GBS bacteriuria during a previous pregnancy
• Negative vaginal and rectal GBS screening 

culture in late gestation during the current 
pregnancy regardless of intrapartum risk factors

• Cesarean delivery performed before onset 
of labor in a woman with intact amniotic 
membranes, regardless of GBS colonization 
status or gestational age

GBS, group B Streptococcus; NAAT, nucleic acid amplification test.

have GBS bacteriuria in pregnancy, even i f  treated, should 
be considered heavily colonized and should be targeted for 
intrapartum prophylaxis. Moreover, patients who had a pre
vious infant with GBS infection also should be considered 
colonized and should be treated during labor. Table 54-3 
outlines indications and nonindications for intrapartum pro
phylaxis against GBS.

U R IN A R Y  T R A C T  IN F E C T IO N S  
A cu te U rethritis
Acute urethritis, or acute urethral syndrome, is usually 
caused by one o f three organisms: coliforms (principally
Escherichia coli), Neisseria gonorrhoeae, and Chlamydia tra
chomatis. Coliform organisms are part of the normal vaginal 
and perineal flora and may be introduced into the urethra during 
intercourse or when wiping after defecation. N. gonorrhoeae and 
C. trachomatis are sexually transmitted pathogens.1̂  Patients 
affected by urethritis typically experience frequency, urgency, 
and dysuria. Hesitancy, dribbling, and a mucopurulent urethral 
discharge also may be present. On microscopic examination, the 
urine usually has white blood cells, but bacteria may not be 
consistently present. Urine cultures may have low colony counts 
of coliform organisms, and cultures of the urethral discharge 
may be positive for gonorrhea and chlamydia. A rapid diagnostic 
test, such as a NAAT, is now the preferred method for identifica
tion of gonorrhea and chlamydia.18

Most patients with acute urethritis warrant empiric treatment 
before the results of laboratory tests are available. Infections 
caused by coliforms usually respond to the antibiotics described 
later for treatment of asymptomatic bacteriuria and cystitis. If 
gonococcal infection is suspected, the patient should be 
treated with intramuscular ceftriaxone (250 mg in a single 
dose) plus 1000 mg oral azithromycin.19 If the patient is aller
gic to (3-lactam antibiotics, an effective alternative is azithromy
cin 2000 mg orally in a single dose. This high dose of 
azithromycin is more likely to be associated with gastrointestinal 
side effects than more conventional lower doses. An alternative 
choice in the penicillin-allergic patient is ciprofloxacin 500 mg 
orally in a single dose. If chlamydial infection is suspected or

confirmed, the patient should be treated with azithromycin 
1000 mg in a single dose.1

A sy m p to m a tic  Bacteriuria and A cu te C y stitis
The prevalence o f asymptomatic bacteriuria in pregnancy 
is 5% to 10% , and most cases antedate the onset o f preg
nancy. The frequency o f acute cystitis in pregnancy is 1%
to 3% . Some cases of cystitis arise de novo, whereas others 
develop as a result of failure to identify and treat asymptomatic 
bacteriuria.20

E. coli is responsible for at least 80%  o f cases o f initial 
infections and about 70%  o f recurrent cases. Klebsiella pneu
moniae and Proteus species also are important pathogens, 
particularly in patients who have a history o f recurrent infec
tion. Up to 10%  o f infections are caused by gram-positive 
organisms such as GBS, enterococci, and staphylococci.IS 11

All pregnant women should have a urine culture at their 
first prenatal appointment to detect preexisting asymptom
atic bacteriuria. If the culture is negative, the likelihood of the 
patient subsequently developing an asymptomatic infection is 
less than 5%. If the culture is positive—defined as greater 
than 10s colonies/mL urine from a midstream, clean-catch 
specimen— prompt treatment is necessary to prevent ascend
ing infection. In the absence o f effective treatment, about one 
third o f pregnant women with asymptomatic bacteriuria will 
develop acute pyelonephritis. In a recent report, treatment of 
asymptomatic bacteriuria was also associated with a reduction 
in the incidence of low-birthweight babies (relative risk [RR], 
0.66; 95% confidence interval [C l], 0.49 to 0.89), but no dif
ference in preterm delivery was seen.”1

Patients with acute cystitis usually have symptoms of fre
quency, dysuria, urgency, suprapubic pain, hesitancy, and drib
bling. Gross hematuria may be present, but high fever and 
systemic symptoms are uncommon. In symptomatic patients, 
the leukocyte esterase and nitrate tests are usually positive. When 
a urine culture is obtained, a catheterized sample is preferred 
because it minimizes the probability that urine will be con
taminated by vaginal flora. W ith a catheterized specimen, a 
colony count greater than 102/mL is considered indicative of 
infection.22

ak
us

he
r-li

b.r
u



Section VI Pregnancy and Coexisting Disease

TABLE 54-4 ANTIBIOTICS FOR TREATMENT OF ASYMPTOMATIC BACTERIURIA AND ACUTE CYSTITIS

DRUG (TRADE NAME) STRENGTH OF ACTIVITY ORAL DOSE CO ST

Amoxicillin Some Escherichia coli, most Proteus species, 
GBS, enterococci, some staphylococci

500 mg TID or 875 mg BID Low

Amoxicillin-clavulanic acid (Augmentin) Most gram-negative aerobic bacilli and 
gram-positive cocci

875 mg BID High

Ampicillin Some E. coli, most Proteus species, GBS, 
enterococci, some staphylococci

250-500 mg 4 times daily Low

Cephalexin (Keflex) Most E. coli, most Klebsiella and Proteus 
species, GBS, staphylococci

250-500 mg 4 times daily Low

Nitrofurantoin monohydrate macrocrystals— 
sustained-release preparation (Macrobid)

Most uropathogens except enterococci and 
Proteus species

100 mg BID Moderate

Double-strength trimethoprim-sulfamethoxazole 
(Bactrim DS, or Septra DS)

Most uropathogens except some strains of 
E. coli

800 mg/160 mg BID Low

BID, twice a day; DS, double strength; GBS, group B streptococci; TID, three times a day.

Asymptomatic bacteriuria and acute cystitis characteristi
cally respond well to short courses o f oral antibiotics. Single
dose therapy is not as effective in pregnant women as in 
nonpregnant patients. However, a 3-day course o f treatment 
appears to be comparable to a 7- to 10-day regimen for an 
initial infection.18 Longer courses of therapy are more appropri
ate for patients with recurrent infections. Table 54-4 lists several 
antibiotics of value for treatment of asymptomatic bacteriuria 
and cystitis.

When sensitivity tests are available— for example, for patients 
with asymptomatic bacteriuria— they may be used to guide anti
biotic selection. When empiric treatment is indicated, the choice 
of antibiotics should be based on established patterns of suscep
tibility. In recent years, 20%  to 30%  o f strains o f E. coli and 
more than h a lf the strains o f Klebsiella have developed resis
tance to ampicillin. Thus this drug should not be used when 
the results of sensitivity tests are unknown unless the suspected 
pathogen is enterococci, in which case ampicillin or amoxicillin 
is the drug of choice.23,24

When choosing among the drugs listed in Table 54-4, the 
clinician should consider several factors. First, the sensitivity 
patterns of ampicillin, amoxicillin, and cephalexin are the most 
variable. Second, these drugs— along with amoxicillin-clavulanic 
acid— also have the most pronounced effect on normal bowel 
and vaginal flora and thus are the most likely to cause diarrhea 
or monilial vulvovaginitis. In contrast, nitrofurantoin mono
hydrate has only minimal effect on vaginal and bowel flora. 
Moreover, it is more uniformly effective against the common 
uropathogens, except for Proteus species, than trimethoprim- 
sulfamethoxazole. Third, amoxicillin-clavulanic acid and 
trimethoprim-sulfamethoxazole usually are the best empiric 
agents for treatment o f patients with suspected drug-resistant 
pathogens. However, sulfonamides should be avoided in the 
first trimester of pregnancy because of possible teratogenicity, 
and they should be avoided immediately prior to delivery 
because of concern about displacement of bilirubin from protein 
binding sites, with resultant neonatal jaundice (see Chapter 8)."1

For patients who have an initial infection and experience a 
prompt response to treatment, a urine culture for test of cure 
may not be clinically necessary or cost effective.18'"4 Cultures 
during or immediately after treatment are indicated for 
patients who have a poor response to therapy or who have a 
history o f recurrent infection. During subsequent clinic 
appointments, the patient’s urine should be screened for nitrites 
and leukocyte esterase. If either of these tests is positive, repeat 
urine culture and retreatment are indicated.

FIG 54-2 Intravenous pyelogram in a pregnant woman shows marked 
dilation of the right ureter and mild dilation of the renal collecting 
system.

A cu te  P yelo n ep h ritis
The incidence o f pyelonephritis in pregnancy is 1% to 2% .20 
Most cases develop as a consequence o f undiagnosed or inad
equately treated lower urinary tract infection. Two major 
physiologic changes occur during pregnancy that predispose to 
ascending infection of the urinary tract. First, the high concen
tration of progesterone secreted by the placenta has an inhibitory 
effect on ureteral peristalsis. Second, the enlarging gravid uterus 
often compresses the ureters, particularly the right, at the pelvic 
brim, thus creating additional stasis. Stasis, in turn, facilitates 
migration of bacteria from the bladder into the ureters and renal 
parenchyma (Fig. 54-2).

About 75% to 80% of cases of pyelonephritis occur on the 
right side, 10% to 15% are left sided, and a slightly smaller 
percentage are bilateral.20 E. coli is again the principal 
pathogen.20 23 K  pneumoniae and Proteus species also are 
important causes o f infection, particularly in women with 
recurrent episodes o f pyelonephritis. Highly virulent gram- 
negative bacilli such as Pseudomonas, Enterobacter, and Serratia
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Chapter 54 Maternal and Perinatal Infection in Pregnancy: Bacterial 1135

are unusual isolates except in immunocompromised patients. 
Gram-positive cocci do not frequently cause upper tract infec
tion. Anaerobes also are unlikely pathogens unless the patient is 
chronically obstructed or instrumented.

The usual clinical manifestations o f acute pyelonephritis 
in pregnancy are fever, chills, flank pain and tenderness, 
urinary frequency or urgency, hematuria, and dysuria. 
Patients also may have signs of preterm labor, septic shock, and 
acute respiratory distress syndrome (ARDS). Urinalysis is usually 
positive for white blood cell casts, red blood cells, and bacteria. 
Urine colony counts greater than 102 colonies/mL in samples 
collected by catheterization confirm the diagnosis of infection.

Pregnant patients with pyelonephritis may be considered for 
outpatient therapy if  their disease manifestations are mild, they 
are hemodynamically stable, and they have no evidence of 
preterm labor.25 If an outpatient approach is adopted, the patient 
should be treated with agents that have a high level of activity 
against the common uropathogens. Acceptable oral agents 
include amoxicillin-clavulanic acid 875 mg twice daily or 
double-strength trimethoprim-sulfamethoxazole twice daily for 
7 to 10 days. Alternatively, a visiting home nurse may be con
tracted to administer a parenteral agent such as intravenous (IV) 
or intramuscular (IM) ceftriaxone 2 g once daily. Although an 
excellent drug for lower tract infections, nitrofurantoin mono
hydrate does not consistently achieve the serum and renal paren
chymal concentrations necessary for successful treatment of 
more serious infections.

Patients who appear to be moderately to severely ill or who 
show any signs o f preterm labor should be hospitalized for 
IV antibiotic therapy. They should receive appropriate sup
portive treatment and should be monitored closely for complica
tions such as sepsis, ARDS, and preterm labor. One reasonable 
choice for empiric IV antibiotic therapy is ceftriaxone 2 g 
every 24  hours. Compared with a first-generation cephalospo
rin like cefazolin, ceftriaxone has expanded coverage against 
aerobic gram-negative bacilli and has the advantage of once- 
daily dosing.19 If the patient is critically ill or is at high risk for 
a resistant organism, a second antibiotic, such as gentamicin 
(7 mg/kg/ideal body weight every 24 hours) or aztreonam 
(500 mg to 1 g every 8 to 12 hours) should be administered, 
along with ceftriaxone, until the results of susceptibility tests are 
available.

Once antibiotic therapy is initiated, about 75%  o f patients 
defervesce within 48 hours. By the end o f 72 hours, almost 
95%  o f patients are afebrile and asymptomatic. " The 
two most likely causes o f treatment failure are a resistant 
microorganism and obstruction. Ihe latter condition is best 
diagnosed with computed tomography (CT) scan or renal ultra
sonography and typically results from a stone or physical com
pression of the ureter by the gravid uterus.

Once the patient has begun to defervesce and her clinical 
condition has improved, she may be discharged from the hos
pital. Oral antibiotics should be prescribed to complete a 
total o f 7  to 10 days o f therapy. Selection of a specific oral 
agent should be based on considerations of efficacy, toxicity, and 
expense. A repeat urine culture should be obtained after therapy 
is completed to ensure that the infection has been adequately 
treated.

About 20% to 30% of pregnant patients with acute pyelone
phritis develop a recurrent urinary tract infection later in preg
nancy. The most cost-effective way to reduce the frequency of 
recurrence is to administer a daily prophylactic dose o f an

antibiotic such as nitrofurantoin monohydrate 100 mg.
Patients receiving prophylaxis should have their urine screened 
for bacteria at each subsequent clinic appointment. They also 
should be questioned about recurrence of symptoms. If symp
toms recur, or the dipstick test for nitrite or leukocyte esterase 
is positive, a urine culture should be obtained to determine 
whether retreatment is necessary.

U P P ER  G E N IT A L  T R A C T  IN F E C T IO N S  
Ch o rio am n io n itis
Chorioamnionitis— or amnionitis, intraamniotic infection— 
may present with fever and fetal tachycardia. Because both the 
mother and infant may experience serious complications when 
chorioamnionitis is present, prompt diagnosis is imperative.

Epidemiology
Chorioamnionitis occurs in 1% to 5% o f term pregnancies.2' 
In patients with preterm delivery, the frequency o f clinical or 
subclinical infection may approach 25%. Although chorio
amnionitis may result from hematogenous dissemination of 
microorganisms, it more commonly is an ascending infection 
caused by organisms that are part of the normal vaginal flora. 
The principal pathogens are Bacteroides and Prevotella 
species, E. coli, anaerobic gram-positive cocci, GBS, and 
genital mycoplasmas.

Several clinical risk factors for chorioamnionitis have been 
identified. The most important are young age, low socioeco
nomic status, nulliparity, extended duration o f labor and 
ruptured membranes, multiple vaginal examinations, and 
preexisting infections o f the lower genital tract (e.g., bacterial 
vaginosis and GBS infection).26 Antibiotic use in preterm 
PROM is associated with a statistically significant reduction in 
chorioamnionitis.28 In term PROM, consideration should also 
be given to minimizing use of vaginal digital examinations intra
partum once membrane rupture has occurred, as well as antibi
otic prophylaxis, especially when latency greater than 12 hours 
is expected (see Chapter 30).“’

Diagnosis
In most situations, the diagnosis o f chorioamnionitis can be 
established on the basis o f the clinical findings o f maternal 
fever and maternal and fetal tachycardia in the absence of 
other localizing signs o f infection. In more severely ill patients, 
uterine tenderness and purulent amniotic fluid may be identi
fied. The disorders that should be considered in the differential 
diagnosis of intrapartum fever include respiratory tract infec
tion, pyelonephritis, viral syndrome, and appendicitis, but cho
rioamnionitis should always be the principal consideration.

Laboratory confirmation of the diagnosis of chorioamnionitis 
is not routinely necessary in term patients who are progressing 
to delivery. However, in preterm patients who are being evalu
ated for tocolysis or corticosteroids, laboratory assessment may 
be of value in establishing the diagnosis of intrauterine infection. 
In this clinical context, amniotic fluid should be obtained 
by transabdominal amniocentesis. Table 54-5 summarizes the 
abnormal laboratory findings that may be present in infected 
patients.26'30’33

Management
Both the mother and infant may experience serious complica
tions when chorioamnionitis is present. Bacteremia occurs in

ak
us

he
r-li

b.r
u



Section V I Pregnancy and Coexisting Disease

TABLE 54-5 D IA G N O S T IC  T E S T S  FO R  C H O R IO A M N IO N IT IS
TEST

Maternal white blood cell count 
(WBC)

Amniotic fluid glucose 
Amniotic fluid interleukin-6 
Amniotic fluid leukocyte esterase 
Amniotic fluid Gram stain

Amniotic fluid culture 

Blood cultures

A B N O R M A L FINDING

>15,000 cells/mm3 with
preponderance of leukocytes 

<10  to 15 mg 
>7.9 ng/mL 
>1+ reaction 
Any organism in an oil 

immersion field

Growth of aerobic or anaerobic 
microorganism 

Growth of aerobic or anaerobic 
microorganism

C O M M ENT

Labor and/or corticosteroids may also result in elevation of W BC count.

Correlation is excellent with positive amniotic fluid culture and clinical infection.
Correlation is excellent with positive amniotic fluid culture and clinical infection.
Correlation is good with positive amniotic fluid culture and clinical infection.
Identification of particularly virulent organisms, such as group B streptococci, is 

possible; however, the test is very sensitive to inoculum effect. In addition, it 
cannot identify pathogens such as mycoplasmas.

This test is the gold standard, although results are not immediately available for 
clinical management.

Cultures will be positive in 5% to 10% of patients; however, they will usually 
not be of value in making clinical decisions unless the patient is seriously ill, 
at increased risk for bacterial endocarditis, immunocompromised, or has a 
poor response to the initial treatment.

3% to 12% of infected women. When cesarean delivery is 
required, up to 8% of women develop a wound infection, and 
about 1% develop a pelvic abscess. Fortunately, maternal death 
due to infection is exceedingly rare.26

O f neonates delivered to mothers with chorioamnionitis, 
5% to 10%  have pneumonia or bacteremia. The predominant 
organisms responsible for these infections are GBS and E. coli. 
Meningitis occurs in less than 1% of term infants and in a 
slightly higher percentage of preterm infants. M ortality due to 
infection ranges from 1% to 4% in term neonates but may 
approach 15% in preterm infants because of the confounding 
effects of other complications such as hyaline membrane disease, 
intraventricular hemorrhage, and necrotizing enterocolitis.26

To prevent maternal and neonatal complications, paren
teral antibiotic therapy should be initiated as soon as the 
diagnosis o f chorioamnionitis is made, unless delivery is 
imminent. Three separate investigations have demonstrated that 
mother-infant pairs who receive prompt intrapartum treatment 
have better outcomes than patients treated after delivery.32 34 The 
principal benefits of early treatment include decreased frequency 
of neonatal bacteremia and pneumonia and decreased duration 
of maternal fever and hospitalization.

The most extensively tested IV antibiotic regimen for treat
ment o f chorioamnionitis is the combination o f ampicillin 
(2 g every 6 hours) or penicillin (5 million U every 6 hours) 
plus gentamicin (1.5 mg/kg every 8 hours or 5 to 7 mg/kg/ 
ideal body weight every 24 hours).35,3'’ The latter regimen o f 
gentamicin is the most cost-effective.' 38 These antibiotics 
specifically target the two organisms most likely to cause 
neonatal infection: GBS and E. co li . W ith rare exceptions, 
gentamicin is preferred to tobramycin or amikacin because it 
is available in an inexpensive generic formulation. Amikacin 
should be reserved for immunocompromised patients who 
are particularly likely to be infected by highly virulent, drug- 
resistant aerobic gram-negative bacilli. In patients who are aller
gic to (3-lactam antibiotics, clindamycin (900 mg every 8 hours) 
should be substituted for ampicillin.3

If a patient with chorioamnionitis requires cesarean deliv
ery, a drug with activity against anaerobic organisms should 
be added to the antibiotic regimen. Either clindamycin 
(900 mg) or metronidazole (500 mg) is an excellent choice 
for this purpose. Failure to provide effective coverage of anaer
obes may result in treatment failures in 20% to 30% of patients.37

Extended-spectrum cephalosporins, penicillins, and carbap- 
enems also provide excellent coverage against the bacteria that

TABLE 54-6 SINGLE AGENTS OF VALUE IN
TREATMENT OF CHORIOAMNIONITIS 
AND PUERPERAL ENDOMETRITIS

RELATIVE
DOSAGE A N D COST TO THE

DRUG DOSE INTERVAL PH A R M A C Y *

Extended-Spectrum Cephalosporins
Cefepime 2 g every 12 hours Intermediate
Cefotaxime 2 g every 8-12  hours Intermediate
Cefotetan 2 g every 12 hours Low
Cefoxitin 2 g every 6 hours Intermediate
Ceftizoxime 2 g every 12  hours Intermediate
Extended-Spectrum Penicillins
Ampicillin-sulbactam 3 g every 6 hours Low
Mezlocillin 3 to 4 g every 6 hours Intermediate
Piperacillin 3 to 4 g every 6 hours Intermediate
Piperacillin-tazobactam 3.375 g every 6 hours Intermediate
Ticarcillin—clavulanic acid 3.1 g every 6 hours Low
Carbapenem
Ertapenem 1 g every 24 hours High
Imipenem-cilastatin 500 mg every 6 hours High
Meropenem 1 g every 8 hours High

*Cost estimates do not include dose preparation fees and administration charges.

cause chorioamnionitis. Dosages and dose intervals for several 
of these agents are listed in Table 54-6.19 As a general rule, these 
drugs are more expensive than the generic combination regi
mens outlined earlier.

Patients with chorioamnionitis are at increased risk for 
dysfunctional labor. About 75% require oxytocin for augmen
tation of labor, and up to 30% to 40% require cesarean delivery, 
usually for failure to progress in labor. Although chorioamnio
nitis by itself should not be considered an indication for cesarean 
delivery, affected patients need close monitoring during labor to 
ensure that uterine contractility is optimized. In addition, the 
fetus also needs close surveillance. Fetal heart rate abnormalities 
such as tachycardia and decreased variability (Fig. 54-3) occur 
in more than three fourths of the cases, and additional tests 
such as scalp stimulation may be necessary to evaluate fetal 
well-being.

Antibiotics usually can be discontinued soon after delivery. 
Edwards and Duff 39 reported a randomized clinical trial in 
which patients were treated intrapartum with ampicillin plus 
gentamicin. In one group of patients, treatment was discontin
ued after the first postpartum dose of each antibiotic. In the
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Chapter 54 Maternal and Perinatal Infection in Pregnancy: Bacterial 1137

FIG 54-3 Fetal heart tracing from a patient with chorioamnionitis. Note the tachycardia of 170 beats/min and the striking decrease in 
variability.

second group, patients were treated until they had been afebrile 
and asymptomatic for 24 hours. Patients in both groups received 
at least one dose of clindamycin if  they delivered by cesarean 
section. No significant differences in treatment outcome were 
apparent in the two groups. However, in a follow-up study to 
the report by Edwards and Duff, Black and colleagues40 showed 
that certain patients with chorioamnionitis require more 
extended treatment. Specifically, those women who are obese— 
defined as those with a body mass index (BMI) greater than 
30— or who have prolonged rupture of membranes (>24 hours) 
have a significantly increased risk of treatment failure if  they 
receive only a single postpartum dose of antibiotic; they recom
mended these women be treated postpartum until they have 
been afebrile and asymptomatic for 24 hours. A recent Cochrane 
review of antibiotic regimens for chorioamnionitis, however, 
concluded that limited evidence was available to reveal whether 
antibiotics should be continued during the postpartum period, 
which antibiotic regimen should be used, or for what treatment 
duration.41 Based on published experience from our institution, 
we follow the guidelines recommended by Black et al.40

Puerperal En d o m etritis  
Epidemiology
The frequency of puerperal endometritis in women who deliver 
vaginally ranges from 1% to 3%. In women having a scheduled 
cesarean delivery before the onset of labor and rupture of mem
branes, the frequency of endometritis ranges from 5% to 10% 
without antibiotic prophylaxis and is less than 5% with prophy
laxis. W hen cesarean delivery is performed after an extended 
period of labor and ruptured membranes, the incidence of infec
tion is 30% to 35% without antibiotic prophylaxis and about 
60% less with prophylaxis. In indigent patient populations, the 
frequency of infection may be even higher.4-

Similarly to chorioamnionitis, endometritis is a polymi
crobial infection caused by microorganisms that are part of 
the normal vaginal flora. These bacteria gain access to the

upper genital tract, peritoneal cavity, and occasionally the blood
stream as a result of vaginal examinations during labor and 
manipulations during surgery. The most common pathogens 
are GBS, anaerobic gram-positive cocci, aerobic gram- 
negative bacilli— predominantly E. co li ,  K  p n eu m on ia e ,  and 
P ro teu s  species— and anaerobic gram-negative bacilli, prin
cipally B a c te r o id e s  and P rev o te l la  species. C. trachomatis is 
not a common cause of early-onset puerperal endometritis but 
has been implicated in late-onset infection. The genital myco- 
plasmas may be pathogens in some patients, but they usually are 
present in association with more highly virulent bacteria.12

The principal risk factors for endometritis are cesarean 
delivery, young age, low socioeconomic status, extended 
duration o f labor and ruptured membranes, and multiple 
vaginal examinations. In addition, preexisting infection or 
colonization o f the lower genital tract (gonorrhea, GBS, bac
terial vaginosis) also predisposes to ascending infection.

Clinical Presentation and Diagnosis
The diagnosis of postpartum endometritis is based on the pres
ence of fever of 38° C or higher in the absence of any other cause. 
The presence of either uterine tenderness or purulent or foul
smelling lochia are often used as secondary criteria for the diag
nosis of endometritis. Associated findings include malaise, 
tachycardia, and lower abdominal pain and tenderness. A small 
number of patients also may have a tender, indurated inflam
matory mass in the broad ligament, posterior cul de sac, or 
retrovesical space.

The initial differential diagnosis o f puerperal fever 
should include endometritis, atelectasis, pneumonia, viral 
syndrome, pyelonephritis, and appendicitis. Distinction 
among these disorders usually can be made on the basis of physi
cal examination and a limited number of laboratory tests such 
as white blood cell count, urinalysis and culture, and in select 
patients, chest radiograph. Blood cultures should not be done 
routinely because of their expense and their lack of impact on
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1138 Section VI Pregnancy and Coexisting Disease

TABLE 54-7 COMBINATION ANTIBIOTIC 
REGIMENS FOR TREATMENT 
OF PUERPERAL ENDOMETRITIS

INTRAVENO US
AN TIBIO TIC S DOSE RELATIVE COST*

Regimen 1
Clindamycin p lu s 900 mg every 8 hours Intermediate
Gentamicin 7 mg/kg ideal body

weight every 24 hours*
Low

Regimen 2
Clindamycin p lu s 900 mg every 8 hours Intermediate
Aztreonam 1 to 2 g every 8 hours High
Regimen 3
Metronidazole p lu s 500 mg every 12 hours Low
Penicillin o r 5 million U every 6 hours Low
Ampicillin p lu s 2 g every 6 hours Low
Gentamicin 7 mg/kg ideal body

weight every 24 hours+
Low

*Cost estimate does not include dose preparation fees and administration charges. 
fSingle daily dosing of aminoglycoside antibiotics is more effective and less expensive 
than multidose treatment. In addition, daily dosing is less likely to cause ototoxicity or 
nephrotoxicity.

clinical decision making. However, they are indicated in patients 
who have a poor initial response to therapy and in those who 
seem seriously ill, are immunocompromised, or are at increased 
risk for bacterial endocarditis.

Management
Patients who have mild to moderately severe infections, 
particularly after vaginal delivery, can be treated with short 
IV courses o f single agents such as the extended-spectrum 
cephalosporins and penicillins or carbapenem antibiotics 
such as imipenem-cilastatin, meropenem, and ertapenem. 
Table 54-6 lists several antibiotics that have acceptable breadth 
of coverage against the polymicrobial genital tract flora. Com
bination antibiotic regimens should be considered for more 
severely ill patients, particularly those who are indigent and in 
poor general health. Table 54-7 lists several antibiotic combina
tions of proven value in treatment of puerperal endometritis. As 
a general rule, the combination generic drug regimens are less 
expensive than the single agents whose brand-name patents have 
yet to expire.

Once antibiotics are begun, approximately 90%  o f patients 
defervesce within 48 to 72 hours. When the patient has been 
afebrile and asymptomatic for 24  hours, parenteral antibiot
ics should be discontinued and the patient should be dis
charged. As a general rule, an extended course o f oral 
antibiotics is not necessary after discharge.37,43 There are at 
least two notable exceptions to this rule. First, patients who have 
had a vaginal delivery and who defervesce within 24 hours are 
candidates for early discharge. In these individuals, a short 
course of an oral antibiotic such as amoxicillin-clavulanate (875 
mg every 12 hours) may be substituted for continued parenteral 
therapy. Second, patients who have had staphylococcal bactere
mia may require a more extended period of administration of 
parenteral and oral antibiotics with specific antistaphylococcal 
activity.44

Patients who fail to respond to the antibiotic therapy out
lined earlier usually have one o f two problems. The first is 
a resistant organism. Table 54-8 lists possible weaknesses in 
coverage of selected antibiotics and indicates the appropriate 
change in treatment. The second major cause o f treatment 
failure is a wound infection, which may take the form of an

TABLE 54-8 TREATMENT OF RESISTANT
MICROORGANISMS IN PATIENTS 
WITH PUERPERAL ENDOMETRITIS

PRINC IPAL
IN IT IA L W EAKNESS IN M O D IFIC ATIO N  OF
AN TIBIO TIC S COVERAGE THERAPY

Extended- Some aerobic and Change treatment to
spectrum anaerobic gram- clindamycin or
cephalosporins negative bacilli, metronidazole plus

enterococci penicillin or ampicillin
plus gentamicin

Extended- Some aerobic and As above
spectrum anaerobic gram-
penicillins negative bacilli

Clindamycin plus Enterococci, some Add ampicillin or
gentamicin or anaerobic gram- penicillin*
aztreonam negative bacilli Consider substitution of

metronidazole for
clindamycin

* Ampicillin alone is highly active against enterococci. The combination of penicillin p lu s  
gentamicin works synergistically to provide excellent coverage against this organism.

incisional abscess or a cellulitis with no actual purulent col
lection. Incisional abscesses should be opened completely to 
provide drainage, and a specific antistaphylococcal antibiotic 
should be added to the treatment regimen. If extensive celluli
tis at the margin of the incision is present, an antibiotic with 
specific coverage against staphylococci should be added, but the 
wound should not be opened. Vancomycin (1 g IV every 12 
hours) is an excellent antistaphylococcal antibiotic, particularly 
against methicillin-resistant Staphylococcus aureus (MRSA).37 
Other possible antistaphylococcal regimens include dalbavancin 
(1 g in a single dose, repeated in 7 days if  necessary), linezolid 
(600 mg IV every 12 hours), oritavancin (1200-mg single dose), 
quinupristin/dalfopristin (7.5 mg/kg IV every 8 hours), and 
telavancin (10 mg/kg IV every 24 hours).44 Antibiotics may be 
discontinued once the patient has been afebrile and asymptom
atic for a minimum of 24 hours.

When changes in antibiotic therapy do not result in clinical 
improvement and no evidence of wound infection is present, 
several unusual disorders should be considered. The differen
tial diagnosis of persistent puerperal fever is summarized in 
Table 54-9.42

Group A Streptococcus (GAS) infection is a rare, life-threatening 
cause of pueperal fever due to Streptococcus pyogenes,45 Mortality 
is 30%  to 50% when associated with sepsis, known as strep
tococcal toxic shock syndrome. GAS infections are invasive, 
and toxin production allows the organism to spread across 
tissue planes and cause necrosis while evading containment 
and abscess formation by the maternal immune system. Pre
sentation is atypical and may involve extremes o f tempera
ture, unusual and vague pain, and pain in extremities. 
Endometrial biopsy may be a useful rapid diagnostic tool. 
When suspected, invasive GAS infections should be treated 
emergently with aggressive fluid resuscitation, antibiotic admin
istration (penicillin and clindamycin), and source control that 
may be extensive and may involve hysterectomy

Prevention of Puerperal Endometritis
Prophylactic antibiotics clearly are o f value in reducing the 
frequency o f postcesarean delivery endometritis, particularly 
in women having surgery after an extended period o f labor 
and ruptured membranes.4'’
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TABLE 54-9 D IF F E R E N T IA L  D IA G N O S IS  O F  P E R S IS T E N T  P U E R P E R A L  FE V E R ______________________________________

1139

CO NDITION

Resistant microorganism 
Wound infection

Pelvic abscess

Septic pelvic vein 
thrombophlebitis

Drug fever

Mastitis

D IAG N O STIC  TESTS

Blood culture 
Physical examination 
Needle aspiration 
Ultrasound 
Physical examination 
Ultrasound
Computed tomography 
Magnetic resonance imaging 
Ultrasound
Computed tomography
Magnetic resonance imaging
Inspection of temperature graph
White blood cell count to identify eosinophilia
Physical examination______________________

TREATM ENT

Combination antibiotics to cover all possible pelvic pathogens
Incision and drainage if  abscess is present; add antibiotic to 

cover staphylococci

Drainage; combination antibiotics to cover all possible pelvic 
pathogens

Heparin anticoagulation; combination antibiotics to cover all 
possible pelvic pathogens

Discontinue antibiotics

Add antibiotic to cover staphylococci

Historically, IV prophylactic antibiotics for cesarean deliv
ery were delayed until cord clamping based on several prior 
studies,47'50 which showed that the delay decreased the prob
ability that neonates would require evaluations for sepsis without 
compromising effectiveness. However, a recent Cochrane review 
of the timing of IV prophylactic antibiotics for cesarean delivery 
showed that preoperative administration significantly decreases 
the incidence of composite maternal postpartum infectious mor
bidity, as compared with administration after cord clamping, 
with no differences in adverse neonatal outcomes reported.51 
Women undergoing cesarean delivery should receive antibi
otic prophylaxis preoperatively to reduce maternal infectious 
morbidities.52'51

Tita and associates56,57 showed that extending the spectrum 
of antibiotic activity by adding azithromycin (500 mg) to cefazo- 
lin (1 g) further reduced the risk for endometritis (RR, 0.41). 
The use of the broader-spectrum regimen also significantly 
decreased the rate of wound infection (1.3% vs. 3.1% ; P<.002). 
However, a subsequent systematic review revealed that preopera
tive antibiotic administration or  the use of extended-spectrum 
regimens after cord clamping may reduce post-cesarean delivery 
maternal infection by up to 50%, although the lack of their 
impact relative to each other has not been studied; therefore a 
firm recommendation of extended-spectrum antibiotics for all 
cesarean deliveries is premature.58 If preoperative antibiotic 
prophylaxis is given as it should be, extended-spectrum anti
biotics do not seem justified at this point for the vast major
ity o f women.

Another important step in prevention o f endometritis 
relates to the method o f placental delivery. In 1997, Lasley 
and colleagues59 conducted a prospective randomized trial (level 
I evidence) to compare manual removal of the placenta with 
removal by gentle traction on the umbilical cord. One hundred 
sixty-five women were randomized to the manual removal arm 
of the study, and 168 had spontaneous removal of the placenta. 
All patients in this study received prophylactic antibiotics, 
usually cefazolin, after the umbilical cord was clamped. In the 
patients whose placenta was removed by traction on the cord, 
the rate of endometritis was reduced from 27% to 15% (RR,
0.6; 95% C l, 0.4 to 0.9 ; P  = .01).

Subsequently, the Cochrane database60 evaluated 15 random
ized trials (n = 4694 patients) to compare different methods of 
removing the placenta. A consistent finding in these trials was 
decreased blood loss, a decreased rate o f endometritis, and, 
subsequently, a shorter duration o f hospitalization in women

whose placenta was removed by gentle traction on the umbil
ical cord.

A previous report by Yancey and associates61 provides a logical 
explanation for why manual removal of the placenta is associated 
with an increased risk for infection. In that study, the authors 
specifically evaluated the contamination of the surgeon’s domi
nant hand as a result of delivering the infant’s head from the 
lower uterine segment. After this step of the operation, the 
bacterial contamination of the surgeon’s glove was markedly 
increased. When the surgeon then places this hand behind the 
placenta to manually extract it, this inevitably introduces many 
microorganisms into the raw vascular bed beneath the 
placenta.

Based on the studies outlined earlier, we recommend that 
both low- and high-risk patients having cesarean delivery 
receive antibiotics 30 to 60 minutes before the start o f  
surgery. We recommend use o f cefazolin, I g i f  BMI is less 
than 30 m2/kg (or <80 kg) and 2 g i f  BMI is greater than 
30 m2/kg (or >80 kg), given as a rapid IV infusion. We also 
recommend that, whenever possible, the placenta be removed 
by traction on the umbilical cord rather than by manual 
extraction.

Patients who have an immediate hypersensitivity to (J-lactam 
antibiotics pose a special problem. The best alternative is to 
administer a single dose of clindamycin (900 mg) plus gentami
cin (1.5 mg/kg) before surgery. Although these antibiotics com
monly are used for treatment of overt infections, their 
administration still is warranted in penicillin-allergic patients 
who are at high risk for postoperative infection.37

S e rio u s S eq u e lae  of Puerperal Infection  
Wound Infection
Wound infection after cesarean delivery may occur in association 
with endometritis or as an isolated infection. About 3% to 5% 
of patients who have a cesarean delivery develop a wound infec
tion (see Chapter 19). The major risk factors for wound infec
tion are listed in Box 54-1. The principal causative organisms 
are skin flora (S. aureus, aerobic streptococci) and the pelvic 
flora (aerobic and anaerobic bacilli).63

The diagnosis o f wound infection should always be 
considered in patients who have a poor clinical response 
to antibiotic therapy for endometritis. Clinical examination 
characteristically shows erythema, induration, and tenderness 
at the margins of the abdominal incision. When the wound is 
probed with either a cotton-tipped applicator or fine needle, pus
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1140 Section VI Pregnancy and Coexisting Disease

BOX 54-1 PRINCIPAL RISK FACTORS FOR 
POSTCESAREAN WOUND INFECTION

• Poor surgical technique such as inadequate preparation  
of the incision site, rem oval o f hair w ith a razor rather 
than electric clippers, fa ilure to close the bottom  half of 
the subcutaneous layer in w o m en w ith  2 cm or m ore of 
subcutaneous layer, use o f staples instead o f sutures

• Low socioeconom ic status
• Extended duration of labor and ruptured m em branes
• Preexisting infection such as chorioam nionitis
• Obesity
• Insulin-dependent (type 1) diabetes
• Im m unodeficiency disorder
• Corticosteroid therapy
• Im m unosuppressive therapy
• Connective tissue disorder
• Sm oking

usually exudes. Some patients, however, may have an extensive 
cellulitis without harboring frank pus in the incision. Clinical 
examination should be sufficient to establish the correct diag
nosis. Nevertheless, culture of the wound exudate is indicated 
to identify particularly virulent microorganisms such as MRSA.

When pus is present in the incision, the wound must be 
opened and drained completely. Antibiotic therapy should be 
modified to provide coverage against staphylococci because some 
regimens for endometritis may not specifically target this organ
ism. Vancomycin 1 g IV every 12 hours is an excellent choice 
to cover MRSA.

Once the wound is opened, a careful inspection should be 
made to be certain that the fascial layer is intact. If it is dis
rupted, surgical intervention is necessary to «approximate 
the fascia. Otherwise, the wound should be irrigated two to 
three times daily with a solution such as warm saline, a clean 
dressing should be applied, and the incision should be allowed 
to heal by secondary intention. In complicated infections, a 
wound vacuum device may be applied to the wound to facilitate 
healing. Antibiotics should be continued until the base of the 
wound is clean and all signs of cellulitis have resolved. Patients 
usually can be treated at home once the acute signs of infection 
have subsided.

Necrotizing fasciitis is an uncommon but extremely serious 
complication o f abdominal wound infection. It also has been 
reported in association with infection of the episiotomy site.64 
This condition is most likely to occur in patients with type 1 
diabetes mellitus, cancer, or an immunodeficiency disorder. 
Multiple bacterial pathogens, particularly anaerobes, have been 
isolated from patients with necrotizing fasciitis.

Necrotizing fasciitis should be suspected when the margins 
o f the wound become discolored, cyanotic, and devoid o f 
sensation. When the wound is opened, the subcutaneous tissue 
is easily dissected free of the underlying fascia, but muscle tissue 
is not affected. If the diagnosis is uncertain, a tissue biopsy 
should be performed and examined by frozen section.

Necrotizing fasciitis is a life-threatening condition that 
requires aggressive medical and surgical management. 
Broad-spectrum antibiotics with activity against all potential 
aerobic and anaerobic pathogens should be administered. 
Intravascular volume should be maintained with infusions 
of crystalloid, and electrolyte abnormalities should be

corrected. Finally, and most importantly, the wound must be 
debrided and all necrotic tissue must be removed. In many 
instances, the required dissection is extensive and may best be 
managed in consultation with an experienced general or plastic 
surgeon.65

Pelvic Abscess
W ith the advent of modern antibiotics, pelvic abscesses after 
cesarean or vaginal delivery have become extremely rare. Less 
than 1% o f patients with puerperal endometritis develop a 
pelvic abscess. *2 When present, abscesses typically are located 
in the anterior or posterior cul de sac, most commonly the 
latter, or within the broad ligament. The usual bacteria isolated 
from abscess cavities are coliforms and anaerobic gram-negative 
bacilli, particularly Bacteroides and Prevotella  species.66

Patients with an abscess typically experience persistent 
fever despite initial therapy for endometritis. In addition, 
they usually have malaise, tachycardia, lower abdominal pain 
and tenderness, and a palpable pelvic mass anterior, posterior, 
or lateral to the uterus. The peripheral white blood cell count is 
usually elevated, and there is a shift toward neutrophils and 
bands. Ultrasound, CT scan, and magnetic resonance imaging 
(MRI) may be used to confirm the diagnosis of pelvic abscess.6 
Although CT and MRI may be slightly more sensitive, ultra
sound offers the advantages of decreased expense and ready 
availability.

Patients with a pelvic abscess require surgical intervention 
to drain the purulent collection. When the abscess is in the 
posterior cul de sac, colpotomy drainage may be possible, 
although availability of modern imaging modalities and support 
from interventional radiologists has made this practice near 
obsolete. For abscesses located anterior or lateral to the uterus, 
drainage may be accomplished by CT- or ultrasound-guided 
placement of a catheter drain.68 When access is limited or the 
abscess is extensive, open laparotomy is indicated.

Affected patients should also receive antibiotics with excel
lent activity against coliform organisms and anaerobes.3 
One regimen that has been tested extensively in obstetric patients 
with serious infections is the combination of penicillin (5 million 
U IV every 6 hours) or ampicillin (2 g IV every 6 hours) plus 
gentamicin (7 mg/kg of ideal body weight every 24 hours) plus 
clindamycin (900 mg IV every 8 hours) or metronidazole 
(500 mg IV every 12 hours). If a patient is allergic to (3-lactam 
antibiotics, vancomycin (1 g IV every 12 hours) can be substi
tuted for penicillin or ampicillin. Aztreonam (1 g IV every 8 
hours) can be used instead of gentamicin when the patient is at 
risk for nephrotoxicity. Alternatively, the single agents imipenem- 
cilastatin (500 mg IV every 6 hours), meropenem (1 g every 8 
hours), and ertapenem (1 g every 24 hours) provide excellent 
coverage against the usual pathogens responsible for an abscess. 
Antibiotics should not be discontinued until the patient has 
been afebrile and asymptomatic for a minimum of 24 to 48 
hours.

Septic Pelvic Thrombophlebitis
Like pelvic abscess, septic pelvic thrombophlebitis is 
extremely rare; it occurs in 1 in 2000 pregnancies overall and 
in less than 1%  o f patients who have puerperal endometri
tis.61 Intrauterine infection may cause seeding of pathogenic 
microorganisms into the venous circulation; in turn, these 
organisms may damage the vascular endothelium and initiate 
thrombosis.
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Septic pelvic thrombophlebitis occurs in two distinct 
forms.69 The most commonly described disorder is acute 
thrombosis o f one, usually the right, or both ovarian veins
(ovarian vein syndrome).70 Affected patients typically develop 
a moderate temperature elevation in association with lower 
abdominal pain in the first 48 to 96 hours postpartum. Pain 
usually localizes to the side of the affected vein but may radiate 
into the groin, upper abdomen, or flank. Nausea, vomiting, and 
abdominal bloating may be present.

On physical examination, the patient’s pulse usually is ele
vated. Tachypnea, stridor, and dyspnea may be evident if  pul
monary embolization has occurred. The abdomen is tender, and 
bowel sounds are often decreased or absent. Most patients dem
onstrate voluntary and involuntary guarding, and 50% to 70% 
have a tender, ropelike mass that originates near one cornua and 
extends laterally and cephalad toward the upper abdomen. The 
principal conditions that should be considered in the differential 
diagnosis of ovarian vein syndrome are pyelonephritis, nephroli
thiasis, appendicitis, broad ligament hematoma, adnexal torsion, 
and pelvic abscess.

The second presentation o f septic pelvic vein thrombo
phlebitis is termed en igm a t ic  f e v e r .  1 Initially, affected patients 
have clinical findings suggestive of endometritis and receive 
systemic antibiotics. Subsequently, they experience subjective 
improvement, with the exception of temperature instability. 
They do not appear to be seriously ill, and positive findings are 
lim ited to persistent fever and tachycardia. Disorders that should 
be considered in the differential diagnosis of enigmatic fever are 
drug fever, viral syndrome, collagen vascular disease, and pelvic 
abscess.

The diagnostic tests of greatest value in evaluating a patient 
with suspected septic pelvic vein thrombophlebitis are CT scan 
and MRI (Fig. 54-4).72 These tests are most sensitive in detecting 
large thrombi in the major pelvic vessels. They are not as useful 
in identifying thrombi in smaller vessels. In such cases, the 
ultimate diagnosis may depend on the patient’s response to an 
empirical trial o f heparin.69,73

Patients with septic pelvic vein thrombophlebitis should 
be treated with therapeutic doses o f either IV unfractionated 
heparin or low-molecular-weight heparin. Therapy should 
be continued for 7 to 10 days. Long-term anticoagulation

FIG 54-4 Computed tomography scan shows a thrombus (arroWi in the 
right ovarian vein.

with oral agents is probably unnecessary unless the patient has 
massive clotting throughout the pelvic venous plexus or has 
sustained a pulmonary embolism. Patients should be maintained 
on broad-spectrum antibiotics throughout the period of heparin 
administration.

Once medical therapy is initiated, the patient should have 
objective evidence o f a response within 48 to 72 hours. If no 
improvement is noted, surgical intervention may be neces
sary.69,73 The decision to perform surgery should be based on 
clinical assessment and the relative certainty of the diagnosis. 
The surgical approach, in turn, should be tailored to the specific 
intraoperative findings. In most instances, treatment requires 
only ligation of the affected vessels. Extension of the thrombo
sis along the vena cava to the point of origin of the renal veins 
may necessitate embolectomy or placement of an umbrella filter. 
Excision of the infected vessel and removal of the ipsilateral 
adnexa and uterus is indicated only in the presence of a well- 
defined abscess. Whenever any of the previously mentioned pro
cedures are being considered, consultation with an experienced 
vascular surgeon or interventional radiologist is imperative.

Severe Sepsis
The systemic immune response syndrome (SIRS) is defined by 
a temperature greater than 38° C, respiratory rate greater than 
20/min, heart rate over 90 beats/min, and a peripheral white 
blood cell count above 12,000/mm3 or below 4000/mm3 or with 
greater than 10% immature (band) forms. Sepsis is SIRS that 
results from infection. Severe sepsis is defined by the criteria 
outlined above plus multiorgan dysfunction. Septic shock is 
diagnosed when sepsis-induced hypotension is present in asso
ciation with perfusion abnormalities such as lactic acidosis 
(serum lactate level of 4.0 mmol/L or more), oliguria, and 
altered mental status.74'71

Septic shock in obstetric patients usually is associated with 
four specific infections: (1) septic abortion, (2) acute pyelo
nephritis, (3) chorioamnionitis, or (4) endometritis. Fortu
nately, fewer than 5% of patients with any of these infections 
develop septic shock. In the past, the most common organisms 
responsible for septic shock were the aerobic gram-negative 
bacilli, such as E. c o l i  a n d  K. p n e u m o n ia e  a n d  P ro teu s  along 
with Pseudomonas, Enterobacter, and Serratia species.'* Today, 
gram-positive organisms have become increasingly important as 
causative pathogens. '4

In the early stages o f septic shock, patients are usually 
restless, disoriented, tachycardic, and hypotensive. Although 
hypothermia is occasionally present, most patients have a 
relatively high fever (39° to 40° C). Their skin may be warm 
and flushed owing to an initial phase of vasodilation (warm 
shock). Subsequently, as extensive vasoconstriction occurs, the 
skin becomes cool and clammy. Cardiac arrhythmias may be 
present, and signs of myocardial ischemia may occur. Jaundice, 
often due to hemolysis, may be evident. Urinary output typically 
decreases, and frank anuria may develop. Spontaneous bleeding 
from the genitourinary tract or venipuncture sites may occur as 
a result of disseminated intramuscular coagulation. Acute respi
ratory distress syndrome (ARDS) is a common complication of 
severe sepsis and is associated with manifestations such as 
dyspnea, stridor, cough, tachypnea, and bilateral rales and 
wheezing.74 In addition to these systemic signs and symptoms, 
affected patients also may have findings related to their primary 
site of infection such as purulent lochia, uterine tenderness, 
peritonitis, or flank tenderness.
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1142 Section VI Pregnancy and Coexisting Disease

The differential diagnosis o f septic shock in obstetric 
patients includes hypovolemic and cardiogenic shock, dia
betic ketoacidosis, anaphylactic reaction, anesthetic reaction, 
and amniotic fluid or venous embolism. Distinction among 
these disorders usually can be made on the basis of a thorough 
history and physical examination and a lim ited number of labo
ratory studies. The white blood cell count initially may be 
decreased but, subsequently, it is elevated in most patients. A 
large percentage of bands is usually evident, and the hematocrit 
may be decreased if blood loss has occurred. Tests of coagulation 
such as platelet count, serum fibrinogen concentration, serum 
concentration of fibrin degradation products, prothrombin 
time, and activated partial thromboplastin time are frequently 
abnormal. Serum concentrations of the transaminase enzymes 
and bilirubin often are increased. Similarly, increased concentra
tions of blood urea nitrogen and creatinine reflect deterioration 
of renal function. A chest radiograph is indicated in patients 
with septic shock to determine whether pneumonia or ARDS is 
present. In addition, CT scan, MRI, and ultrasound may be of 
value in localizing an abscess.68 Affected patients also require 
electrocardiographic monitoring to detect arrhythmias or signs 
of ischemic injury.

The first goal o f treatment o f septic shock is to correct the 
hemodynamic derangements precipitated by endotoxin. Two 
large-bore IV catheters and a urinary catheter should be inserted. 
Isotonic crystalloid such as Ringer’s lactate solution or normal 
saline should be administered, and the infusion should be 
titrated in accordance with the patient’s pulse, blood pressure, 
and urine output. If the patient is bleeding, packed red cells 
should be administered; the goal is to maintain a hemoglobin 
concentration of 7 g/dL. A more restrictive transfusion thresh
old (7 rather than 9 g/L) has recently been shown to reduce the 
number of transfusions by approximately 50% without adversely 
affecting overall mortality.76

The goals of fluid resuscitation are to achieve the following:
• Central venous pressure (CVP) of 8 to 12 mm Hg
• Mean arterial pressure of at least 65 mm Hg
• Urine output of at least 0.5 mL/kg per hour
• Central venous oxygen or mixed venous oxygen saturation 

of 70% or more76
If fluid resuscitation is not successful, a vasopressor should 

be administered. The initial drug o f choice is norepinephrine 
(5 to 15 |Jg/min), although vasopressin (0.01 to 0.03 U/min) 
and epinephrine (2 to 10 |Hg /min) are acceptable alternatives. 
As a general rule, dopamine should no longer be used as a vaso
pressor because of its propensity to provoke arrhythmias.66 
Dobutamine (0.5 to 1 jlg/kg/min, maximum 40 (Ig/kg/min) 
should be used in patients who have a normal CVP but poor 
cardiac output.76

Hydrocortisone (200 to 300 mg/day for 7 days in three or 
four divided doses or by continuous infusion) should be admin
istered early in the course of septic shock. Although ultimate 
mortality is not improved, patients who receive corticosteroids 
have a more rapid reversal of the shock state than those who are 
not treated. ' 8

The second objective o f treatment is to administer broad- 
spectrum antibiotics targeted against the most likely patho
gens.19 For genital tract infections, the combination of penicillin 
(5 million U IV every 6 hours) or ampicillin (2 g IV every 6 
hours) plus clindamycin (900 mg IV every 8 hours) or metro
nidazole (500 mg IV every 8 hours) plus gentamicin (7 mg/kg 
ideal body weight IV every 24 hours) or aztreonam (1 to 2 g IV

every 8 hours) is an appropriate regimen. Alternatively, 
imipenem-cilastatin (500 mg IV every 6 hours), meropenem 
(1 g every 8 hours), or ertapenem (1 g IV every 24 hours) can 
be administered as single agents. Patients also may require 
surgery; for example, to evacuate infected products of concep
tion, drain a pelvic abscess, or remove badly infected pelvic 
organs. Indicated surgery never should be delayed because a 
patient is unstable; operative intervention may be precisely 
the step necessary to reverse the hemodynamic derangements 
o f septic shock.

Patients with septic shock require meticulous and aggres
sive supportive care. Core temperature should be maintained 
as close to normal as possible by use of antipyretics and a cooling 
blanket. Coagulation abnormalities should be identified 
promptly and treated by infusion of platelets and coagulation 
factors, as indicated. Finally, patients should be given oxygen 
supplementation and should be observed closely for evidence of 
ARDS, one of the major causes of mortality in cases of severe 
sepsis.75 Oxygenation should be monitored by means of a pulse 
oximeter or radial artery catheter. If evidence of respiratory 
failure develops, the patient should be intubated and supported 
with mechanical ventilation.

The prognosis in patients with septic shock clearly depends 
on the severity of the patient’s underlying illness. In previously 
healthy patients, mortality should not exceed 15%.79 Fortu
nately, most obstetric patients are in the latter category; therefore 
the prognosis for complete recovery is excellent provided that 
the patient receives competent, timely intervention.

Toxoplasmosis
Epidemiology
Toxoplasma gondii is a protozoan that has three distinct 
forms: (1) trophozoite, (2) cyst, and (3) oocyst. The life cycle 
o f T. gondii is dependent on wild and domestic cats, which 
are the only host for the oocyst. The oocyst is formed in the 
cat intestine and is subsequently excreted in the feces. Mammals, 
such as cows, ingest the oocyst, which is disrupted in the ani
mal’s intestine, thus releasing the invasive trophozoite. The tro
phozoite then is disseminated throughout the body, ultimately 
forming cysts in brain and muscle.80

Human infection occurs when infected meat is ingested or 
when food is contaminated by cat feces through flies, cock
roaches, or fingers. Infection rates are highest in areas of poor 
sanitation and crowded living conditions. Stray cats and domes
tic cats that eat raw meat are most likely to carry the parasite. 
The cyst is destroyed by heat.!'°

About 40% to 50% of adults in the United States have anti
body to this organism, and the prevalence of antibody is highest 
in lower socioeconomic populations. The frequency of serocon
version during pregnancy is 5%, and about 3 in 1000 infants 
show evidence of congenital infection. Clinically significant 
congenital toxoplasmosis occurs in about 1 in 8000 pregnan
cies. Toxoplasmosis is more common in Western Europe, par
ticularly France, most likely because of the practice in that 
country of eating rare or raw meat. More than 80% of women 
of childbearing age in Paris have antibody to T. gond ii, and the 
incidence of congenital toxoplasmosis is about twice as frequent 
as that in the United States.81 Universal screening o f pregnant 
women for toxoplasmosis is not recommended in the United 
States at this time.82 Testing is indicated, however, if clinical 
infection is suspected or i f  the patient is immunocompro
mised (e.g., HIV infection). Because the presence of antibodies
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before pregnancy indicates immunity, the ideal time to test 
for immunity to toxoplasmosis in women at risk is before 
conception.83

Clinical Manifestations
The ingested organism invades across the intestinal epithelium 
and spreads hematogenously throughout the body Intracellular 
replication leads to cell destruction. C linical manifestations of 
infection are the result of direct organ damage and the subse
quent immunologic response to parasitemia and cell death. Host 
im m unity is mediated primarily through T lymphocytes.80

Most infections in humans are asymptomatic. Even in the 
absence of symptoms, however, patients may have evidence of 
multiorgan involvement, and clinical disease can follow a long 
period of asymptomatic infection. Symptomatic toxoplasmosis 
usually presents as an illness similar to mononucleosis.

In contrast to infection in the immunocompetent host, 
toxoplasmosis can be a devastating infection in the immuno- 
suppressed patient. Because immunity to T. gon d ii is cell medi
ated, patients with HIV infection and those treated with chronic 
immunosuppressive therapy after organ transplantation are par
ticularly susceptible to new or reactivated infection. In these 
patients, dysfunction of the central nervous system is the most 
common manifestation of infection. Findings typically include 
encephalitis, meningoencephalitis, and intracerebral mass lesions 
(Fig. 54-5). Pneumonitis, myocarditis, and generalized lymph- 
adenopathy also occur commonly.80

Diagnosis
The diagnosis o f toxoplasmosis in the mother can be 
confirmed by serologic and histologic methods. Serologic 
tests that suggest an acute infection include detection of 
immunoglobulin M (IgM)-specific antibody, demonstration

FIG 54-5 Magnetic resonance imaging shows a prominent intracere
bral abscess due to toxoplasmosis. (Courtesy Dr. Richard Beegle, 
Department of Radiology, University of Florida.)

o f an extremely high IgG antibody titer (and low IgG avidity), 
and documentation o f IgG seroconversion from negative to 
positive. Clinicians should be aware that serologic assays for 
toxoplasmosis are not well standardized. W hen initial laboratory 
tests appear to indicate that an acute infection has occurred, 
repeat serology should be performed in a well-respected refer
ence laboratory (e.g., the Toxoplasma Serology Laboratory of 
Palo Alto Medical Foundation [www.pamf.org]). In addition, 
toxoplasmic DNA can be identified in the patient’s serum using 
the PCR test.

T. gon d ii  is most easily identified in lymphatic or brain tissues. 
Histologic preparations can be examined by light and electron 
microscopy. For light microscopy, specimens should be stained 
with either Giemsa or Wright stain.81,84

Congenital Toxoplasmosis
Congenital infection can occur if a woman develops acute 
primary toxoplasmosis during pregnancy Chronic or latent 
infection is unlikely to cause fetal injury except perhaps in an 
immunosuppressed patient. About 40%  o f neonates born to 
mothers with acute toxoplasmosis show evidence o f infec
tion. Congenital infection is most likely to occur when 
maternal infection develops in the third trimester. However, 
fetal injury is most likely to be severe when maternal infec
tion occurs in the first half o f pregnancy. Less than half of 
affected infants are symptomatic at birth (Box 54-2).81,84 85

The most valuable tests for antenatal diagnosis o f congeni
tal toxoplasmosis are ultrasound and amniocentesis.1'1 hl 85 
Ultrasound findings suggestive of infection include ventriculo- 
megaly, intracranial calcifications, microcephaly, ascites, hepato- 
splenomegaly, and growth restriction. In addition, Hohlfeld and 
coworkers86 have now identified a specific gene of T. gon d ii in 
amniotic fluid using polymerase chain reaction (PCR). In this 
investigation, 34 of 339 infants had congenital toxoplasmosis 
confirmed by serologic testing or autopsy. All amniotic fluid 
specimens from affected pregnancies were positive by PCR, and 
test results were available within 1 day of specimen collection.

In a subsequent investigation, Romand and colleagues87 
reported that the PCR test had an overall sensitivity of 64% 
(95% CI, 53% to 75%) for diagnosing congenital toxoplasmo
sis. No false-positive results were noted, and the positive predic
tive value was 100%.

Management
Toxoplasmosis in the immunocompetent nonpregnant adult is 
usually an asymptomatic or self-limited illness and does not 
require treatment. Immunocompromised patients, however, 
should be treated, and the regimen of choice is a combination

BOX 54-2 CLINICAL MANIFESTATIONS 
OF CONGENITAL TOXOPLASMOSIS

Rash
Hepatosplenomegaly
Ascites
Fever
Chorioretinitis 
Periventricular calcifications 
Ventriculomegaly 
Seizures
Mental retardation 
Uveitis
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1144 Section VI Pregnancy and Coexisting Disease

of oral sulfadiazine (4 g loading dose, then 1 g four times daily) 
plus pyrimethamine (50 to 100 mg initially, then 25 mg daily). 
In such patients, extended courses of treatment may be necessary 
to cure the infection.84

Treatment also is indicated when acute toxoplasmosis 
occurs during pregnancy. Treatment o f the mother reduces 
the risk for congenital infection and decreases the late 
sequelae o f infection.8185'88 Pyrimethamine is not recom
mended for use during the first trimester o f pregnancy 
because o f possible teratogenicity, although specific adverse 
fetal effects have not been documented. Sulfonamides can be 
used alone, but single-agent therapy appears to be less effec
tive than combination therapy. In Europe, spiramycin has 
been used extensively in pregnancy with excellent success. It 
is available for treatment in the United States through the 
CDC but only after confirmation o f maternal infection in a 
reference laboratory.

Aggressive early treatment o f infants with congenital toxo
plasmosis is indicated and consists o f combination therapy 
with pyrimethamine, sulfadiazine, and leucovorin for 1 year. 
Early treatment reduces but does not eliminate the late 
sequelae o f toxoplasmosis, such as chorioretinitis.89

In the management o f the pregnant patient, prevention o f 
acute toxoplasmosis is o f paramount importance. Pregnant 
women should be advised to avoid contact with cat litter if  at 
all possible, particularly when the cat is allowed to roam outside 
the home. If they must change the litter, they should do so daily, 
wear gloves, and wash their hands afterward. They should always 
wash their hands after preparing meat for cooking and should 
never eat raw or rare meat. Meat should be cooked thoroughly 
until the juices are clear. Fruits and vegetables also should be 
washed carefully to remove possible contamination by oocysts.

Listeriosis
Listeria monocytogenes (LM) is a gram-positive bacillus respon
sible for severe infections in humans and in a large variety of 
animal species. It is a facultative intracellular pathogen that 
invades macrophages and most tissue cells of infected hosts, 
where it can proliferate. LM can cause meningitis, encephali
tis, bacteremia, and gastroenteritis. In infected hosts, the bac
teria cross the intestinal wall at Peyer patches to invade the 
mesenteric lymph nodes and blood. The main target organ is 
the liver, where the bacteria multiply inside hepatocytes. Most 
disease occurs in patients with impaired cell-mediated immu
nity; therefore LM is an important cause of severe infections in 
neonates, pregnant women, elderly people, and transplant recip
ients. Although dramatic epidemics have received the most pub
licity, most cases of perinatal listeriosis are isolated.

LM is widespread in nature and can be readily found in soil 
and vegetation. Seroepidemiologic studies show that the infec
tion is foodborne. Heightened surveillance and quality control 
by the food industry have been instituted (Box 54-3) and have 
led to a reduction in the number of cases and deaths from this 
infection in the past decade. However, most parents are still not 
aware of the risks of listeriosis and recommended practices for 
listeriosis prevention, thus they are not taking precautions 
during their pregnancy to prevent listeriosis.90 Because LM can 
grow and multiply at temperatures as low as 0.5° C (or 
32.9° F), refrigerating contaminated foods does not always 
prevent infection, but cooking contaminated foods at high 
temperatures consistendy destroys the bacteria. LM can 
also be contracted through the handling of the products of

BOX 54-3 U.S. DEPARTMENT OF AGRICULTURE'S FOOD 
SAFETY AND INSPECTION SERVICE AND U.S. FOOD AND 
DRUG ADMINISTRATION'S ADVICE FOR PREGNANT 
WOMEN TO PREVENT LISTERIOSIS DURING PREGNANCY

• Do not eat hot dogs, luncheon meats, or deli meats 
unless they are reheated until steaming hot.

• Do not eat soft cheeses such as feta. Brie, Camembert, 
blue-veined cheeses, or Mexican-style cheeses such as 
queso bianco fresco. Hard cheeses, semisoft cheeses 
such as mozzarella, pasteurized processed cheese slices 
and spreads, cream cheese, and cottage cheese can be 
safely consumed.

• Do not eat refrigerated pate or meat spreads. Canned or 
shelf-stable pate and meat spreads can be eaten.

• Do not eat refrigerated smoked seafood unless it is an 
ingredient in a cooked dish such as a casserole. 
Examples of refrigerated smoked seafood include 
salmon, trout, whitefish, cod, tuna, and mackerel, which 
are most often labeled as "nova style," "lox," 
"kippered," "smoked," or "jerky." This fish is found in 
the refrigerated section or sold at deli counters of 
grocery stores and delicatessens. Canned fish such as 
salmon and tuna or shelf-stable smoked seafood may be 
safely eaten.

• Do not drink raw (unpasteurized) milk or eat foods that 
contain unpasteurized milk.

conception of animals when the miscarriage is due to listeriosis. 
Therefore it is important for pregnant women who work with 
animals to avoid hand-to-tissue contact with these materials if  
possible or to wear gloves if  contact cannot be avoided. Owing 
to the ubiquity of the organism in the environment, outbreaks 
and sporadic disease continue to occur.91 A recent outbreak in 
the United States was attributed to contaminated ice cream.

The incubation period of LM ranges from as little as 1 to 90 
days, making identification of the exposure that caused the lis
teriosis extremely difficult. Maternal symptoms can vary from 
flulike or “like food poisoning” to septicemia, meningitis, or 
pneumonia. Because no serologic evaluation is reliable, listerio
sis is a difficult infection to test for outside the septic peak, when 
it can be demonstrated in blood cultures. An exposed pregnant 
woman with a fever higher than 38.1° C (100.6° F) and signs 
and symptoms consistent with listeriosis for which no other 
cause o f illness is known should be simultaneously tested and 
treated for presumptive listeriosis.92 Diagnosis is made pri
marily by blood culture, and placental cultures should be 
obtained in the event o f delivery. Listeria-specific antibody 
testing is not routinely available and is neither useful nor recom
mended in the setting of potential Listeria exposure. Amniocen
tesis may also be considered when clinically appropriate in a 
symptomatic patient: in such cases, amniotic fluid should be 
cultured for Listeria in addition to other indicated testing. The 
clinical laboratory should be notified of the clinical concern for 
Listeria specifically because targeted culture techniques are 
important.9' An overall perinatal mortality rate o f 50%  due 
to late miscarriage, premature delivery, and stillbirth was 
recorded before the use o f modern therapies.1 The clinical 
characteristics of neonatal listeriosis are similar to neonatal GBS 
sepsis, with early- and late-onset forms of disease. The mortality 
rate among liveborn infants is about 10%.95

The standard therapy for listeriosis is a combination of 
ampicillin and gentamicin or, for patients who are intolerant
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of (i-lactam agents, trimethoprim-sulfamethoxazole. If LM
chorioamnionitis is diagnosed preterm, in contrast to other 
types of chorioamnionitis, in utero therapy with high-dose peni
cillin or trimethoprim-sulfamethoxazole is possible, and preterm 
delivery may be avoided.

KEY POINTS

♦ Overall, without screening and treatment, 85% of neo
natal GBS infections are early in onset and result from 
transmission from a colonized mother.

♦ All pregnant women should be cultured for cervicovagi
nal GBS at 35 to 37 weeks’ gestation. Culture-positive 
patients should receive intrapartum antibiotic prophy
laxis to prevent early-onset neonatal infection.

♦ Pregnant patients with GBS bacteriuria should be tar
geted for intrapartum prophylaxis.

♦ All pregnant women should have a urine culture at 
their first prenatal appointment to detect asymptomatic 
bacteriuria. Infected patients should be treated and then 
monitored on subsequent prenatal appointments to 
identify recurrent infection.

♦ Most cases of pyelonephritis occur as a consequence of 
undiagnosed or inadequately treated lower urinary tract 
infections.

♦ The organisms most likely to cause chorioamnionitis 
and puerperal endometritis are GBS, E. coli, and gram- 
positive and gram-negative anaerobes.

♦ Prophylactic antibiotics are highly effective in prevent
ing post-cesarean delivery endometritis and wound 
infection. They should be administered before the surgi
cal incision in all cesarean deliveries.

♦ Resistant organisms and wound infection are the most 
common causes of persistent fever in patients being 
treated for puerperal endometritis.

♦ Septic pelvic thrombophlebitis is another important 
cause of refractory postoperative fever. This condition is 
best diagnosed by CT or MRI and is treated with broad- 
spectrum antibiotics and IV heparin.

♦ The most common causes of septic shock in obstetric 
patients are septic abortion, pyelonephritis, chorioam
nionitis, and endometritis.

♦ The two most common methods of transmission of 
toxoplasmosis are consumption of undercooked beef 
and contact with cat litter.

♦ The best diagnostic tests for congenital toxoplasmosis 
are identification of toxoplasmic DNA in amniotic fluid 
by polymerase chain reaction and identification of spe
cific fetal injury by ultrasound.

♦ Pregnant women and immunocompromised patients 
may reduce their risk for contracting listeriosis by avoid
ing unpasteurized dairy products.
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OVERVIEW
“Mental health is fundamental to health.” This statement, 
made by Surgeon General David Satcher, emphasized the foun
dation that emotional well-being provides for health. In medical 
practice, we compartmentalize symptoms and diseases into

manageable units; however, the patient comes as an integrated 
whole. The effect of pathology in any part of the body affects 
the entire patient. Psychiatric disorders are defined in the Diag
nostic a n d  Statistical M anual o f  M ental Disorders (version 5, or 
DSM-V),' a classification system that divides mental disorders 
into types based on criteria sets with defining features. This
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Section VI Pregnancy and Coexisting Disease

Distal determ inants
B iologic Societal

FIG 55-1 Integrated perinatal health framework: a multiple-determinants model with a life-span approach. Illustrative examples are in brackets. 
(Modified from Misra DP, Guyer B, Allston A. Integrated perinatal health framework. A multiple determinants model with a life span approach. 
Am J Prev Med. 2003;25:65.)

chapter covers the major categories of disorders that affect 
women of childbearing age. For the pregnant woman and her 
family, the capacity to function optimally, enjoy relationships, 
manage the pregnancy, and prepare for birth is critical.

Perinatal health can be conceptualized within a model 
that integrates the complex social, psychological, behav
ioral, environmental, and biologic forces that shape preg
nancy outcome. Misra and colleagues2 presented a perinatal 
framework that integrates a life-span approach with mul
tiple determinants (Fig. 55-1). The model contains four levels 
that provide a paradigm for the determinants o f perinatal 
health outcomes. The first level in the model is distal deter
minants, which focuses on distal (in time) risk factors that 
place a woman at greater susceptibility to prox im al (current) 
risk factors. Distal determinants from biologic, physical, and 
social domains increase or decrease a womans likelihood of 
developing health problems, engaging in high-risk behaviors, or 
being exposed to potential toxins. Some of the most powerful 
influences on pregnancy outcome are related to historic women’s 
health factors that occur long before pregnancy, such as maltreat
ment during childhood. ’ At the next level, proximal determi
nants, risk factors that have a direct impact on a woman’s health,

are represented by biomedical and behavioral responses; for 
example, cigarette smoking. The interaction between dista l and 
prox im al risk factors determines an individual’s current overall 
health status. The relationship between a woman’s health status 
directly before conception and the demands of pregnancy affect 
perinatal health outcomes. The third level, processes, emphasizes 
the dynamic interaction of preconceptional, interconceptional, 
and intraconceptional factors on reproductive health. At the 
fourth level, outcomes, the model includes disease, function, and 
well-being, which provide a comprehensive view of health status.

Each patient comes to pregnancy with sets of malleable risks 
and assets. To the extent that biopsychosocial exposures with 
negative impact upon pregnancy outcome can be diminished, 
eliminated, or replaced with positive factors, pregnancy outcome 
can be improved. The role o f the physician is to influence the 
patient’s exposures and behaviors to improve the probability 
o f positive reproductive outcomes (see Fig. 55-1). Childbear
ing is an ideal time for health interventions because women have 
contact with professionals and access to health care coverage and 
are motivated toward positive behaviors to invest in the welfare 
of their offspring. The role of fathers has recently been identified 
as a research gap, and opportunity, in perinatal mental health.
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1149

The father, partner, or a significant other can be engaged in 
interventions4 to reduce maternal stress, encourage prenatal care, 
and eliminate drug and alcohol use. 6

Our discussion of psychiatric disorders includes five major 
diagnostic categories that commonly occur in women of 
childbearing age: (1) mood, (2) anxiety, (3) eating disorders, 
(4) substance use disorders, and (5) schizophrenia. Our review 
focuses on the interrelationships among these disorders and their 
courses during pregnancy and postpartum and during lactation. 
The impact of childbearing on existing disorders or vulnerabili
ties in the female patient is reviewed along with episodes that 
are etiologically related to childbearing.

M O O D  D IS O R D E R S  

M a jo r  D e p r e s s iv e  E p is o d e  
Diagnosis and Prevalence During Pregnancy 
and Postpartum
In the DSM-V,1 a major depressive episode (MDE) is defined 
as at least a 2-week period o f either persistent depressed 
mood or loss o f interest or pleasure in daily activities, 
so-called gatekeeper symptoms, plus four associated symp
toms (three if  both gatekeeper symptoms are present; see Box 
55-1). Persistent means the symptom must be present for most 
of the day nearly every day. The patient also must have impair
ment of function in interpersonal relationships or work. It is 
possible to have a diagnosis of MDE without the symptom  of 
depression. A woman could have persistent loss of interest or 
pleasure but no sadness and yet have four other symptoms noted 
in the DSM-V criteria for major depressive disorder. Note that 
appetite, sleep, and motor activity can be either decreased or 
increased relative to the woman’s norm. A fatigued woman who 
derives no pleasure from previously enjoyable activities, sleeps
15 hours per day, sits immobile for long periods, and is gaining 
weight has MDE. A guilt-ridden woman with sadness, 4 hours 
of sleep nightly, weight loss of 15 pounds, and pacing also has 
MDE, which may be episodic or chronic.

Nearly twice as many women (12.0%) as men (6.6%) suffer 
from an MDE each year.7 Women are at the greatest risk for 
MDE between 25 and 44 years, the primary age for childbear
ing. The period prevalence o f MDE is 12.7%  during preg
nancy (with 7.5% ofwomen having a new episode), and 21.9%  
the year after parturition8; therefore, MDE is among the 
most common complications o f childbearing. Mothers at 
increased risk are disadvantaged,9 have preterm infants,10 and are

BOX 55-1 DSM-V CRITERIA FOR MAJOR 
DEPRESSIVE DISORDER

O ver the last 2 weeks, m ost o f the day nearly every day, five 
o f the fo llo w in g  (one sym ptom  m ust be m ood o r interest) 
m ust cause m arked distress o r im p a irm e n t in im p ortan t 
areas o f func tio n in g :

• Depressed m ood
• M arkedly d im in ished in terest o r pleasure
• S ign ificant w e igh t loss or gain unrelated to  d ie ting
• Insom nia o r hypersom nia
• Psychom otor ag ita tion /re tarda tion
• Fatigue o r loss o f energy
• Feelings o f w o rth lessness/gu ilt
• D im in ished a b ility  to  concentrate
• Recurrent th o ugh ts  o f death

in adolescence.11 Depression persists from months to years after 
childbirth, with lingering limitations in physical and psychologi
cal functioning after recovery.1" O f women with postpartum 
MDE, 25% to 50% have episodes that last 7 months or more.13

As predicted by the multiple determinants model (see Fig. 
55-1), MDE has contributions from several risk factor domains. 
In women,14 the strongest predictors were stressful life events, 
genetic factors, history of an MDE, and high emotional sensitiv
ity. Similarly, stressful life events15 and a history of MDE in the 
woman or her family13 are predictors of postpartum-onset MDE. 
Women with postpartum MDE are at increased risk (about 25% 
to 33%) for recurrence after a subsequent birth, and over 40% 
have nonpostpartum MDE.16

The DSM -V1 allows the designation w ith peripartum  onset to 
specify episodes that begin during pregnancy or within the first
4 weeks postpartum. Epidemiologists have defined the duration 
of postpartum  based on data about the break point between 
elevated risk for psychiatric illness after birth and the baseline 
risk for episodes in childbearing-aged women.1 Kendell18 and 
Munk-Olsen19 and their colleagues found a significant peak in 
the rate of mood disorders in the 90-day period after childbirth. 
Although the definition of postpartum  varies, the adverse effects 
of the disorder for the woman and her family are independent 
of time of onset.

The most commonly used measure to screen for MDE 
during childbearing is the Edinburgh Postnatal Depression 
Scale (EPDS; Fig. 55-2),20 which has been validated for use both 
during and after pregnancy. This self-report measure contains 10 
items ranked from 0 to 3. Scored by simple addition, the EPDS 
is free to health care professionals and is available in 23 lan
guages. A cutoff score of greater than or equal to 13 (the sensitiv
ity for identifying MDE is 86%, specificity is 78%, positive 
predictive value is 73%) was recommended for screening for 
MDE in clinical settings.21 For pregnant women the recom
mended cutoff score is greater than or equal to 15.“2 As with any 
screening tool, a positive test must be followed by diagnostic 
evaluation and treatment guidance.23 The differential diagnosis 
of MDE in the early postbirth period includes the “baby blues, 
a transient syndrome that occurs in 80% of mothers that resolves 
by day 10 postpartum (see Chapter 23).

Natural History Across Childbearing
Periods of hormonal fluctuation— menstrual cycle, preg
nancy, postpartum, and perimenopause— are associated with 
MDE. Investigators have suggested that the rapid change in 
gonadal steroid concentrations contributes to the etiology of 
postpartum-onset MDE.24 The neurobiology of women who 
develop postpartum depression (PPD) appears especially vul
nerable to the mood-destabilizing effects of withdrawal from 
gonadal steroids.

Postpartum MDE does not differ from MDE at other periods 
during the childbearing years with respect to clinical presenta
tion and duration of untreated episodes.23 However, aggressive 
obsessional thoughts occur more commonly in women who 
have postpartum-onset MDE compared with those whose 
depression falls outside the 1-year postbirth period. Delusions 
must be differentiated from the far more common obses
sional thoughts in the context o f depression.^ J' Obsessions 
are recurrent and persistent thoughts, impulses, or images 
that are experienced as intrusive and inappropriate and cause 
marked anxiety or distress. For example, some mothers have 
obsessional thoughts about drowning their baby and refuse to
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1150 Section VI Pregnancy and Coexisting Disease

How are you feeling?
As you have recently had a baby, we would like to know how you are feeling now. Please check the answer 
which comes closest to how you have felt in the past 7 days, not just how you feel today.

1. I have been able to laugh and see the funny side of things: Score
As much as I always could 0
Not quite so much now 1
Definitely not so much now 2
Not at all 3

2. I have looked forward with enjoyment to things:
As much as I ever did 0
Rather less than I used to 1
Definitely less than I used to 2
Hardly at all 3

3. I have blamed myself unnecessarily when things went wrong:
Yes, most of the time 3
Yes, some of the time 2
Not very often 1
No, never 0

4. I have been anxious or worried for no good reason:
No, not at all 0
Hardly ever 1
Yes, sometimes 2
Yes, very often 3

5. I have felt scared or panicky for no very good reason:
Yes, quite a lot 3
Yes, sometimes 2
No, not much 1
No, not at all 0

6. Things have been getting on top of me:
Yes, most of the time I haven’t been able to cope at all 3
Yes, sometimes I haven’t been coping as well as usual 2
No, most of the time I have coped quite well 1
No, I have been coping as well as ever 0

7. I have been so unhappy that I have had difficulty sleeping:
Yes, most of the time 3
Yes, sometimes 2
Not very often 1
No, not at all 0

8. I have felt sad or miserable:
Yes, most of the time 3
Yes, quite often 2
Not very often 1
No, not at all 0

9. I have been so unhappy that I have been crying:
Yes, most of the time 3
Yes, quite often 2
Only occasionally 1
No, never 0

10. The thought of harming myself has occurred to me:
Yes, quite often 3
Sometimes 2
Hardly ever 1
Never 0

FIG 55-2 Edinburgh Postnatal Depression Scale. (From Cox, JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 
10-item Edinburgh Postnatal Depression Scale. Br J Psych. 1987;150:782-786.)
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1151

bathe the child. Women often have “what if ” questions such as, 
W hat if  I throw the baby over the banister? Obsessions differ 
from psychotic symptoms because the patient recognizes that 
the thoughts, impulses, or images are a product of her own mind 
(not imposed by an external force as might occur in psychosis). 
Additionally, obsessional visual images may occur but are brief 
and are perceived as being in the “mind’s eye” as opposed to an 
external hallucination. For example, a woman might have fright
ening images of her dead baby in a bathtub, but she is aware 
that the image does not reflect reality. The distinction is impor
tant clinically because women with obsessional thoughts are 
vigilant about preventing any action related to the thought 
content (e.g., insisting that all kitchen knives be locked away), 
whereas women with psychosis are at risk for taking action. 
Although these symptom sets are not m utually exclusive, 
co-occurrence is very rare.

The physiologic milieu created by MDE adversely impacts 
maternal function during pregnancy and postpartum. 
MDE is associated with poor prenatal care compliance, inad
equate nutrition, obesity, smoking, alcohol and drug use, 
and suicide. A meta-analysis affirmed that MDE during preg
nancy was associated with both low birthweight (LBW) and 
preterm birth (PTB).28 Offspring of pregnant women with 
MDE are at risk for insecure attachment and sleep and eating 
disorders.29 Children with in utero exposure to maternal MDE 
are four times more likely to be depressed at age 16 years. u

Psychiatric illness during rapid development of the infant 
creates a new generation at risk. Maternal depression increases 
the risk for long-lasting adverse effects such as insecure attach
ment and poor cognitive performance.30'31 Other sequelae of 
maternal mental illness are increased rates of accidental injury, 
child abuse, neglect, and infanticide.32 Early identification and 
intervention for postpartum MDE has the potential to prevent 
negative sequelae for women and their families. The relation
ship between maternal MDE and multiple childhood prob
lems is a continuum that often becomes apparent during 
pregnancy.

Treatment of Major Depressive Episode During Pregnancy
The emergence of MDE during childbearing compels a com
plete medical and family history, review of systems, and physical 
exam to assess for contributions to depressive symptoms, par
ticularly thyroid abnormalities and anemia. Our experience is 
that MDE seldom remits with correction of hypothyroidism 
alone,33 and treatment for both is required. The use of prescribed 
and over-the-counter medications, herbal therapies, drugs, and 
alcohol must be assessed.

Although MDE is a highly prevalent condition, only 1 in 
5 Americans receives any guideline-concordant interven
tion,34 and the rate is lower in pregnant women than in 
nonpregnant women.3' In nearly 6500 Medicaid recipients 
with established MDE treatment, women who became pregnant 
had a significantly greater drop in both outpatient psychother
apy visits and antidepressant prescription claims compared with 
matched nonpregnant women, and care did not resume after 
birth.36

Evidence-based treatments for MDE are psychotherapy 
and antidepressants.3738 Studies of interpersonal psychotherapy 
and pharmacotherapy39 document both reduced depressive 
symptoms and improved maternal function following treatment 
during pregnancy. Psychotherapy is the preferred treatment for 
most women34; however, it is not available in all practice settings,

nor is it feasible for many mothers. Barriers to clinic-based 
depression care include the physical demands of pregnancy, 
transportation, childcare for other children, and cost. Adult 
outpatient settings do not typically offer flexible appointment 
schedules or allow children on site. If psychotherapy is not 
feasible, or the woman prefers pharmacotherapy, decision 
making tends to focus on the potential adverse effects of medica
tion rather than the adverse effects of MDE. The result is often 
the choice by the woman or her physician to avoid or stop drug 
treatment to obviate fetal exposure without equal consideration 
of the risks of MDE to both the mother and fetus.3'' For most 
pregnant women, the reality is that accessible and acceptable 
mental health treatment is very limited. Low treatment rates 
are a public health concern given accumulating evidence that 
MDE increases risk to the pregnant woman and fetus. Federally 
funded home visitation programs for disadvantaged women 
are potential adjuncts for collaborative care with obstetricians
and mental health professionals to improve rates of depression

40treatment.
The risk-benefit decision-making process for treatment of 

MDE during pregnancy was described by representatives from 
the American Psychiatric Association.27 Individually tailored 
interventions are considered for their capacity to maximize 
maternal wellness while minimizing adverse effects for the 
maternal-fetal pair. The patient and physician both contribute 
expertise to the process, because the patients assignment of her 
own values dictates her choice. For example, some women will 
not consent to pharmacotherapy during pregnancy regardless 
of the impairment related to the MDE. Others choose phar
macotherapy because they are not confident that other treat
ments will be efficacious or because discontinuing medication 
invariably has been followed by recurrence with psychosocial 
consequences. The verbal informed consent process promotes 
the treatment alliance, recognizes the patient’s responsibility to 
make choices for herself and her baby, and provides an oppor
tunity for ongoing assessment of the womans competence to 
make decisions.27

Although used commonly, the word safe is problematic 
because it implies no possibility of an adverse effect. Confirming 
any exposure as harmless presents the impossible task of proving 
no effect on a monumental number of reproductive and devel
opmental outcomes throughout the exposed offsprings lifespan. 
W hat can be estimated from available studies is the magnitude 
of a subset of reproductive risks in antidepressant-treated 
women.41 The risks for multiple domains of reproductive toxic
ity considered in this chapter are miscarriage, intrauterine fetal 
demise, structural malformations, growth effects, neurobehav- 
ioral teratogenicity, and neonatal effects (see Chapter 8). A 
prominent observation from the literature is the methodologic 
difficulty of separating the reproductive effects of the drug expo
sure from the sequelae, both physiologic and psychosocial, of 
the underlying MDE.

Side Effects of M edical Treatment of Major Depressive 
Episode During Pregnancy
MISCARRIAGE
In a cohort study42 of all registered pregnancies in Denmark 
from 1997 to 2010, the adjusted hazard ratio for miscarriage 
after exposure to a selective serotonin reuptake inhibitor (SSRI) 
was 1.27 (95% confidence interval [C l], 1.22 to 1.33) compared 
with no exposure. However, women who discontinued SSRI 
treatment 3 to 12 months before pregnancy also had a similar
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1152 Section VI Pregnancy and Coexisting Disease

increased hazard ratio of miscarriage (1.24; 95% CI, 1.18 to 
1.30). In a population-based Danish cohort study, stillbirth 
and neonatal mortality were not associated with first-trimester 
SSRI use.43

STRUCTURAL MALFORMATIONS
Studies of first-trimester SSRI exposure do not demonstrate 
consistent data to support an increased risk for structural mal
formations. Two large-scale case control studies44 41 revealed 
no increased risk rates overall for malformations, including 
cardiac anomalies, with SSRI exposure (combined drugs). 
Louik and colleagues45 compared the rates of malformation 
among 9849 cases and 5860 control infants. Analyses of 
the associations between individual SSRIs and specific defects 
showed significant associations between the use of sertraline and 
omphalocele (odds ratio [OR], 5.7; 95% CI, 1.6 to 20.7) and 
cardiac septal defects (OR, 2.0; 95% CI, 1.2 to 4.0) and between 
the use of paroxetine and right ventricular outflow tract obstruc
tion defects (OR, 3.3; 95% CI, 1.3 to 8.8). At the same time, 
Alwan and colleagues44 published outcomes from 9622 infants 
with major birth defects and 4092 control infants born from the 
National Birth Defects Prevention Study. Maternal SSRI use was 
associated with anencephaly (OR, 2.4; 95% CI, 1.1 to 5.1); 
craniosynostosis (OR, 2.5; 95% CI, 1.5 to 4.0), and omphalo
cele (OR, 2.8; 95% CI, 1.3 to 5.7). In an accompanying edito
rial, Greene46 noted that the malformations reported in each 
study were different and that most had not been previously 
associated with SSRI exposure.

The relationship between SSRI use in pregnancy and car
diovascular defects has been the focus o f recent studies. 
Berard and colleagues47 conducted a population-based cohort 
study in Quebec of 18,493 depressed or anxious women who 
were exposed to sertraline (n = 366), other SSRIs (n = 1963), 
or a non-SSRI antidepressant (n = 1296) and unexposed women 
in the first trimester. Sertraline use was not significantly associ
ated with the risk of overall major malformations when com
pared with the no-exposure group. However, sertraline exposure 
was associated with an increased risk of atrial/ventricular defects 
(relative risk [RR], 1.34; 95% CI, 1.02 to 1.76) and craniosyn
ostosis (RR, 2.03; 95% CI, 1.09 to 3.75). Exposure to SSRIs 
other than sertraline during the first trimester of pregnancy was 
associated with craniosynostosis (RR, 2.43; 95% C l, 1.44 to 
4.11) and musculoskeletal defects (RR, 1.28; 95% CI, 1.03 to 
1.58). Although analyses were adjusted for potential confound- 
ers, data on smoking, folic acid intake, alcohol use, and body 
mass index (BMI) were missing. Whereas the design included 
women with a history of depression or anxiety, antidepressant- 
treated women differ from unmedicated women, which is inher
ent in observational studies in which randomization is not 
used.48’49

In a Danish study, the rate of congenital heart malformations 
was similar for pregnancies exposed to continuous SSRI use 
throughout the first trimester (OR, 2.01; 95% CI, 1.60 to 2.53) 
and for pregnancies in which SSRI treatment was paused during 
pregnancy (OR, 1.85; 95% CI, 1.07 to 3.20; P= .94).50 Similar 
increased risks of specific cardiac malformations were found 
for individual SSRIs, and no dose-response relationship was 
observed. Similarly, in a recent American population-based 
cohort study, Huybrechts and colleagues51 found no increase in 
the risk of cardiac malformations attributable to antidepressant 
use during the first trimester. A total of 64,389 women (6.8%) 
used antidepressants during the first trimester. Overall, 6403

infants who were not exposed to antidepressants were born 
with a cardiac defect (72.3/10,000 infants), compared with 
580 infants with exposure (90.1/10,000 infants). Associations 
between antidepressant use and cardiac defects were attenuated 
with increasing levels of adjustment for confounding. The rela
tive risks of any cardiac defect with the use of SSRIs were 1.25 
(95% CI, 1.13 to 1.38) in the unadjusted analysis, and markedly 
attenuated, 1.12 (95% CI, 1.00 to 1.26), in the analysis restricted 
to women with depression. Importantly, substantial differences 
in the characteristics of the patients who were treated, compared 
with untreated subjects, remained. Stratification according to 
propensity scoring achieved that comparisons were made 
between groups with almost identical characteristics. This strat
egy further attenuated the remaining positive association to 1.06 
(95% CI, 0.93 to 1.22). No significant association was observed 
between the use of paroxetine and right ventricular outflow tract 
obstruction or between sertraline and ventricular septal defects. 
A similar pattern of increased risk was reported for cardiac mal
formations in unadjusted analyses, which became insignificant 
after adjustment was noted for tricyclic antidepressants (TCAs), 
serotonin-norepinephrine reuptake inhibitors (SNRIs), bupro
pion, and other antidepressants.51

PRETERM BIRTH AND GROWTH EFFECTS
In a meta-analysis, Grote and colleagues reported that 
maternal MDE or depressive symptoms during pregnancy 
increase the risk o f PTB and LBW. The associations between 
antenatal depression and adverse outcome included PTB (RR,
1.13; 95% CI, 1.06 to 1.21) and LBW (RR, 1.18; 95% CI, 1.07 
to 1.30) but not intrauterine growth restriction (IUGR). The 
magnitude of risk for PTB and LBW from gestational depression 
is comparable to the risk of smoking 10 or more cigarettes a 
day, but it is modest compared with the higher risks associated 
with black race and substance abuse.28 In a prospective study 
(n = 238) of pregnant women with MDE, MDE with SSRI 
treatment, and controls with neither exposure,48 women who 
were either continuously treated with an SSRI (23%) or con
tinuously exposed to MDE (21%) experienced PTB. The rates 
of late and early PTB were similarly distributed. Postnatal 
weight, head circumference, and length growth trajectories did 
not differ across the first year in infants exposed to a selective 
SNRI or to depression or to neither during pregnancy.52

BEHAVIORAL TERATOGENICITY
Behavioral tera togenicity refers to long-term postnatal effects 
on offspring behavior due to prenatal exposure to agents that 
affect the central nervous system. Cognitive function, tempera
ment, and overall behavior were similar in children who were 
exposed prenatally to tricyclics or fluoxetine compared with 
controls.1315 Few data about the postbirth development of indi
viduals exposed in utero to SSRIs have been published; however, 
all converge on the finding that mental development is similar 
in exposed compared with unexposed children.56 Nulman and 
colleagues5 conducted intelligence testing on 3- to 7-year-old 
children who had been exposed in utero to an SSRI [n = 62) or 
venlafaxine (n = 62) or depression without medication {n - 54) 
and controls (n = 62). Exposure group, drug dose, and duration 
of drug treatment during pregnancy did not significantly affect 
cognitive function.

In a longitudinal study,58 68 infants with prenatal SNRI {n = 
41) or major depressive disorder exposure («  = 27) and 98 non
exposed controls were evaluated with the Bayley Scales of Infant
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Development. Neither prenatal exposure to an SNRI nor an 
MDD significantly impacted overall scores; however, SNRI 
exposure was associated with lower psychomotor development 
scores at 26 and 52 weeks compared with nonexposed infants, 
although this difference was no longer significant at 78 weeks. 
Although lower psychomotor scores were observed in the first 
year, the scores remained well within the normative range and 
were transient.

NEONATAL EFFECTS
Direct serotonergic effects and/or withdrawal signs can occur 
in neonates after prenatal exposure to antidepressants. Com
pared with early gestational SSRI exposure or no exposure, late 
SSRI exposure incurs an overall risk ratio of 3.0 (95% CI, 2.0 
to 4.4) for neonatal behavioral syndrome.59 Most SSRI-related 
neonatal case reports involve paroxetine and fluoxetine.1815 Neo
natal signs include central nervous system, motor, respiratory, 
and gastrointestinal signs that are usually mild and transient 
with resolution by 2 weeks of age/’0 A severe syndrome that 
consists of seizures, dehydration, excessive weight loss, hyperpy
rexia, or need for intubation is rare in full-term infants (1/313 
cases).59 Based on the premise that neonatal signs are due to 
direct pharmacologic effects, tapering and discontinuation of the 
antidepressant over 10 days to 2 weeks before the delivery date 
with reintroduction of drug immediately after birth has been 
suggested59; however, data to demonstrate improved outcomes 
for mothers or newborns have not been published. If a woman 
has a history o f rapid decompensation during antidepressant 
taper or discontinuation, this strategy is likely to carry more 
risk to the maternal-fetal pair than continued treatment.

Recommendations for Treatment During Pregnancy
The American College of Obstetricians and Gynecologists 
(ACOG) and the American Psychiatric Association developed a 
consensus document for antidepressant treatment during preg
nancy.61 For mild cases of MDE in pregnant women, psycho
therapy is the treatment of choice as the initial intervention. 
Depressed pregnant women treated with interpersonal psycho
therapy had a significant symptomatic improvement compared 
with a parenting education control group, and 60% of women 
achieved remission criteria.37 Other focused, short-term thera
pies such as cognitive behavioral therapy (CBT) are also effective 
options for MDE and may be delivered by nonphysician profes
sionals such as psychologists, psychiatric nurse clinicians, or 
licensed clinical social workers. The cost and accessibility of 
depression treatment also impacts treatment selection.

For moderate to severe MDE with marked functional 
impairment, antidepressant pharmacotherapy or combina
tion therapy (medication and psychotherapy) is appropriate. 
Established efficacy and tolerability o f any antidepressant 
for the individual woman is a strong consideration in 
drug choice during the risk-benefit decision-making process. 
Women with chronic or highly recurrent MDE may be on 
maintenance antidepressant medication when pregnancy occurs. 
Maintenance antidepressant treatment is recommended after 
three or more MDEs due to the near-certain likelihood of recur
rence. For pregnant women studied in an academic setting, the 
risk of relapse for those who discontinued antidepressant usage 
proximate to conception was significantly greater than women 
who maintained treatment. Among 82 women who continued 
their medication, 21 (26%) relapsed compared with 44 (68%) 
of 65 women who discontinued medication.62 In contrast,

Yonkers and colleagues63 found that pregnant women who 
continued antidepressants experienced the same rate of MDE 
recurrence as women who stopped in a community sample 
of obstetric patients. Predictive factors for recurrence in both 
studies were highly recurrent MDE (four or more episodes prior 
to pregnancy).

DOSAGE CHANGES ACROSS PREGNANCY
All TCAs and SSRIs are at least partially metabolized by 
cytochrome P450 (CYP) 2D 6,64 which is induced in preg
nancy and results in declining serum concentrations. In a
publication about managing tricyclic dosages across pregnancy,65 
a strategy to determine the minimum effectiv e  dose across gesta
tion was suggested. The women selected a target depressive 
symptom that was most disturbing, typically insomnia or irrita
bility. Women were asked to contact the physician each time the 
symptom emerged, and an incremental dose was added. The 
dosages increased during the second half o f pregnancy and 
rapidly accelerated in the third trimester. The final dose near 
term was an average o f 1.6 times the nonpregnant dose.

Similarly, the dose requirements and concentration-dose 
(C/D) ratios of the SSRIs fluoxetine,66 citalopram, escitalopram, 
and sertraline67 changed during pregnancy and postpartum. In 
the majority of women, the C/D ratios for the parent compound 
and primary metabolites decreased between 20 weeks’ gestation 
and delivery, which reflects increased drug metabolism. Pharma- 
cogenetic characterization is not a standard of care for antide
pressant therapy; however, Ververs and colleagues68 showed that 
CYP 2D6 genotypes predicted plasma paroxetine concentrations 
during pregnancy Women who were extensive metabolizers 
(n = 43) and ultrarapid metabolizers (n = 1) showed steadily 
decreasing  plasma paroxetine concentrations across pregnancy. 
In contrast, plasma paroxetine levels of intermediate metaboliz
ers (n = 25) and poor metabolizers (n = 5) increased  during 
pregnancy. Weight gain, maternal age, and smoking did not 
influence drug concentrations. In extensive and ultrarapid 
metabolizers, the depressive symptoms increased significantly 
during the course of pregnancy Paroxetine is unique among the 
SSRIs in having 2D6 as the sole metabolic pathway. For TCAs 
and most SSRIs, dose requirements often increase during the 
second half o f pregnancy to offset greater drug metabolism. 
Serial administration o f a quantitative depression measure is 
recommended to identify early symptoms o f relapse. The 
goal is to provide optimal drug dosing across the changing 
milieu o f pregnancy to maximally reduce disease burden.

INTEGRATIVE TREATMENTS
Known as a treatment for seasonal (winter) MDE, light therapy 
is also efficacious for nonseasonal MDE. Bright light, delivered 
as an early morning bolus of 10,000 lux illuminance with com
mercially available boxes, is an efficacious treatment for MDE. 
The light units conform to stringent standards, with illumina
tion of a broad visual field, lighting from above to avoid glare, 
and ultraviolet screening. Light therapy for pregnant women 
with MDE was explored in a small randomized controlled 
trial (RCT)69 with bright white versus dim (inactive) arms. The 
response rates were significantly greater for bright compared 
with dim light after 5 weeks of 1 hour of early morning light 
and were comparable to antidepressant treatment. A clinician’s 
guide is available. 0

Manber and colleagues71 performed an RCT (n = 150) of acu
puncture treatment specific to MDE, acupuncture treatment
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targeted to a condition other than MDE, and a comparison 
group that received massage. Women who received acupuncture 
specific for MDE had a significantly greater response rate than 
those who received the other treatments; again, this response was 
comparable to that of standard MDE treatments.

Poor nutrition may contribute to the pathogenesis of MDE. 
Folate and vitamin B12 are needed for single-carbon metabolism 
involved in the synthesis of serotonin and other monoamine 
neurotransmitters and catecholamines. Folate, BI2, iron, zinc, 
and selenium deficiencies are more common among depressed 
than nondepressed persons. 2 The depletion of nutrient reserves 
throughout pregnancy and lactation may increase a woman’s risk 
for MDE. Marginal or low folate status also increases the likeli
hood of nonresponse to antidepressant medication as well as the 
probability of relapse. Several RCTs have demonstrated that 
folic acid is an efficacious augmentation strategy for antidepres
sant medications. 2

Omega-3 fatty acids are essential long-chain polyunsaturated 
fatty acids found in nerve cell membranes. Eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) are derived primarily 
from fish. The American diet is relatively deficient in omega-3 
compared with omega-6 fatty acids and other fats. Increased 
requirements during pregnancy raise the risk of deficiency and 
potentially of MDE. In cross-national studies, an inverse rela
tionship has been shown between per capita fish intake and prev
alence rates of MDE, postpartum MDE, and bipolar disorder. ' 
Supplementation with 1 gram of EPA and DHA has been rec
ommended for patients with mood disorders.74 Omega-3 fatty 
acids have been used to treat perinatal MDE in small RCTs, 
but efficacy beyond placebo has not been convincingly demon
strated.7' However, DHA supplementation may attenuate the 
effects of maternal stress during late pregnancy and can reduce 
fetal exposure to glucocorticoids in women living in urban low- 
income environments.7’ Women who received supplementation 
reported less stress and had lower levels of stress hormones in 
the third trimester than placebo-treated women. Omega-3 fatty 
acids have antiinflammatory effects76 that may contribute to the 
mechanism of action.

Treatment of Major Depressive Episode in the 
Postpartum Period
Medications effective for MDE in women outside of childbear
ing are effective during childbearing. In a randomized com
parative efficacy trial, the tricyclic nortriptyline (NTP; n = 54) 
was compared with sertraline (n = 55),78 and the response rates 
were equal. The dosing started with 10 mg for NTP and 25 mg 
sertraline for 2 days then 50 mg/day thereafter, and it was 
increased every 2 weeks to a maximum of 150 and 200 mg/day, 
respectively. The total side effect burden for both drugs was 
similar, although the types differed for each drug. A major 
finding was that the dose of sertraline required for remission in 
this 8-week, double blind protocol was 100 mg/day or more, 
with many women requiring 150 to 200 mg/day. The starting 
dose o f sertraline 50 mg/day was not efficacious in the major
ity o f women, and dose adjustment should be anticipated 
approximately 2 weeks after treatment initiation. An RCT of 
sertraline versus placebo demonstrated efficacy for sertraline 9 
with a mean dose of 100 ± 54 mg/day.

In a small novel RCT of the efficacy of estradiol treatment, 
women with severe postpartum MDE were randomized to 
placebo or estradiol delivered by transdermal patch (200 |Ig/ 
day) for 6 months.80 By 3 months, 80% of the estradiol-treated

and 31% of the placebo-treated group responded. Endometrial 
changes were found in three participants at the end of the study, 
despite coadministration of dydrogesterone (10 mg/day, 12 
days/month in the final 3 months of the RCT). The changes 
resolved at follow-up. The inclusion of women who took con
current antidepressant medications limits the ability to discern 
an estradiol-specific effect. Little is known about estradiol secre
tion into breast milk; however, it was not detected in the milk 
of 18 women who used transdermal estradiol 50 to 100 |ig/day 
for 12 weeks.81

Prevention of Postpartum-Onset Major 
Depressive Episode
To reduce the risk for postpartum MDE, an interpersonal 
therapy-based group intervention was provided to pregnant 
women on public assistance. W ithin 3 months after delivery, 
20% of the women in standard care developed postpartum 
MDE compared with 4% of women who received the interven
tion.82 Studies of antidepressants or hormones for the prevention 
of postpartum MDE are limited to three RCTs, with one small 
RCT demonstrating the efficacy of sertraline.83 Women with a 
history of MDE were treated with sertraline immediately fol
lowing birth to prevent the onset of MDE. The dosing protocol 
was, in mg/day, 25 for 4 days, then 40 through week 4, and 75 
thereafter. The duration of preventive treatment was a minimum 
of 6 months. The explanation for sertraline’s efficacy is based on 
its serotonergic impact; therefore, use of another serotonergic 
drug, particularly one to which the woman had previously 
responded, is appropriate. Although open studies supported 
that progesterone prevented recurrence, a placebo-controlled 
RCT of a synthetic progesterone in creased  the risk of depression 
after birth.84

Treatment During Breastfeeding
The magnitude of antidepressant exposure through breast milk 
is substantially lower than during pregnancy (Table 55-1). Com
prehensive reviews of antidepressant drugs in maternal serum, 
breast milk, and infant serum have been published. Sertraline 
or paroxetine (among SSRIs) and nortriptyline (among TCAs) 
are agents of choice. I hese drugs are characterized by undetect
able or very low breastfed-infant serum concentrations and no 
reports of adverse events. However, established efficacy of 
another drug for the woman must be considered strongly in the 
decision-making process. Although TCAs are reasonable treat
ments for postpartum MDE, they are second-line drugs due to 
their toxicity in overdose. More recently released antidepressants 
are second-line choices for breastfeeding women unless efficacy 
in prior episodes has been established.

The clinical condition of breastfed infants, particularly 
those who are sick or LBW, should be monitored to detect 
adverse effects that may be associated with the maternal drug 
(behavioral activation or sedation, new-onset feeding or sleeping 
problems; see Chapter 24). Routine laboratory measurement of 
serum drug levels in healthy full-term infants is not warranted; 
however, serum concentrations in preterm and sick infants have 
not been described and would be a welcome contribution to 
the literature.

Psychiatric Disorders and Suicidal Ideations
Oates85 performed an evaluation of the Confidential Enquiry 
into Maternal Deaths from the United Kingdom. Psychiatric 
disorder, and suicide specifically, was the leading cause of
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TABLE 55-1 SELECTED ANTIDEPRESSANT LEVELS IN BREASTFED INFANTS' SERA________________________

1155

ANTIDEPRESSANT DRUG'

Nortriptyline*

Nortriptyline metabolites 

Sertraline
Sertraline metabolites 
Paroxetine
No active metabolites 
Fluoxetine
Fluoxetine metabolite* 
Citalopram
Citalopram metabolite 
Venlafaxine 
Venlafaxine metabolite 
Bupropion 
Multiple metabolites

SERUM LEVEL RANGE IN BREASTFED INFANTS

Nortriptyline, below limit of quantifiability to 10 ng/mL

E-lO-OH-nortriptyline = <4-16 ng/mL 
Z-lO-OH-nortriptyline = <4-17 ng/mL 
Sertraline, below limit of quantifiability to 8 ng/mL 
Norsertraline, below limit of quantifiability to 26 ng/mL 
Paroxetine, below limit of quantifiability

Fluoxetine, below quantifiability to 340 ng/mL 
Norfluoxetine, below quantifiability to 265 ng/mL 
Citalopram, below quantifiability to 12.7 ng/mL 
Desmethylcitalopram, below quantifiability to 3.1 ng/mL 
Venlafaxine, below quantifiability to 5 ng/mL 
O-desmethylvenlafaxine, below quantifiability to 38 ng/mL 
Average infant exposure expected to be 2% of the standard 

maternal dose on a molar basis; infant serum levels not 
measured in largest series (n = 10)§_________________

TYPICAL MATERNAL DOSE RANGE (mg/day)

50-150; maternal therapeutic serum levels are 50 to 
150 ng/mL

50-200

10-60

20-60

20-40

75-300

300

*The most-studied tricyclic antidepressant during breastfeeding, this class of drugs is now used infrequently.
Established efficacy of an antidepressant in a woman is a strong consideration in drug selection.
*As active as fluoxetine, this metabolite has a longer half-life than the parent drug.
§Haas JS, et al. Bupropion in breast milk: an exposure assessment for potential treatment to prevent post-partum tobacco use. Tobacco Control. 2004;13(l):52-56.

mortality and accounted for 28% of maternal deaths. Women 
also died of other complications related to psychiatric disorders 
and substance abuse, and they died violently In a large scale 
study86 of 10,000 women screened with the EPDS, the propor
tions of response on item 10— “The thought of harming myself 
has occurred to me”—were for 0, or never, 96.81%  (n  = 9681); 
for 1, or hardly ever, 2.46%  (n = 246); for 2, or sometimes, 0.65% 
(n = 65); and for 3, or yes qu ite often, it was .08% (n = 8). In 
this group of 10,000 women screened by phone, 3.2% of women 
had suicidal ideation.

Suicide assessment requires direct questioning o f the 
patient about her desire to live or die, specific thoughts about 
killing herself, plans for carrying out the act, and access to 
and lethality o f means.87 The American Psychiatric Association 
guidelines for the assessment of suicidal behaviors provide a 
comprehensive list of questions that help clinicians assess sui
cidal thoughts, plans, and behaviors.88 Initial questions address 
patients’ feelings about living (Have you ever thought that life 
was not worth living? Did you ever wish you could go to sleep 
and just not wake up?) and are followed by questions that 
address specific thoughts about death, self-harm, and suicide 
(Have things ever reached the point that you’ve thought of 
harming yourself?). If thoughts of self-harm are endorsed, clini
cians should evaluate the details such as the intensity, frequency, 
timing, persistence, and circumstances. Physicians must also ask 
whether the patient has made a specific plan for self-harm. Ask 
about pills, household poisons, and firearms. Has the patient 
made preparations to enact the plan or for after her death (pur
chasing the means, writing a w ill, arranging for child care)? If 
the safety of the patient is at risk, emergency psychiatric consul
tation or involuntary commitment is indicated.

The practice guidelines88 identify situations in which suicide 
assessment is warranted: emergency department evaluation, an 
abrupt change in clinical symptoms, lack of improvement or 
worsening despite treatment, anticipation or experience of an 
interpersonal loss or stressor (divorce, loss of custody of children, 
financial loss, legal problems), or a physical illness associated 
with a threat to life, severe pain, or loss of function. Patients 
with increased risk are those with previous suicide attempts,

major mood disorders (particularly bipolar disorder), schizo
phrenia, and substance use.

B ip o la r  D is o r d e r  
Diagnosis and Prevalence
The diagnosis o f MDE is limited to the lifetime experience 
o f normal mood with episodes o f depression, whereas bipolar 
disorder (BD) includes normal, depressed, and elevated or 
irritable mood states (mania or its less intense form, hypoma- 
nia). Changes in energy and activity levels parallel variations in 
mood. M ania  is a persistent, abnormally euphoric, expansive or 
irritable mood state with inflated self-esteem, agitation, height
ened energy, racing thoughts, pressured speech, impulsive 
behaviors, distractibility, and poor judgment for a minimum of 
1 week. Impairment in function must be present. Hypomania is 
defined by a minimum of 4 continuous days of persistent 
increased creativity, productivity, and sociability or increased 
irritability that family or coworkers notice. The woman’s func
tion may be enhanced by creativity and increased energy. 
In women, depression is the predominant mood state and 
is frequently mistaken for unipolar depression. Atypical 
depression— characterized by increased appetite, weight gain, 
hypersomnia, low energy, heaviness— is more common in 
women with BD and typically starts in the fall or winter and 
resolves in spring.

The lifetime prevalence of BD is 1% to 2%.8U" BD type I, 
which affects women and men equally,” is characterized by 
MDE and periods of mania or hypomania.91 Bipolar variants 
that are more common in women than men include BD type II 
(MDE and hypomania), mixed episodes (intermingled manic 
and depressive symptoms), and rapid cycling (four or more 
episodes of opposite polarity in one year). Women with BD 
often have comorbid anxiety disorders, alcohol or substance 
(especially Cannabis) use disorders, bulimia nervosa,’ 2 childhood 
or adult physical and/or sexual abuse, and medical problems that 
include migraines, metabolic syndrome, pain disorders, and 
hypothyroidism.

The differentiation o f MDE from BD is a major challenge, 
and delays o f 7 to 11 years until diagnosis o f BD is common.93
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Prescribing antidepressants without an antimanic drug can com
plicate treatment by increasing rapid cycling, mania, or mixed 
episodes. The most commonly used measure is the Mood Dis
orders Questionnaire (M D Q 94 shown in Figure 55-3, which 
assesses lifetime history of mania with 13 yes/no symptoms and 
two questions: a yes/no query about whether symptoms occurred 
during the same time period and a designation of the magnitude 
of the resulting problems (none, minor, moderate, serious). A 
positive screen requires more than seven symptoms during the 
same period that caused moderate or serious problems. Our 
team studied use of the M D Q  with the EPDS as a combined 
screening tool in a postpartum population with follow-up diag
nosis by a research psychiatric interview.95 The addition of the 
M D Q  to the EPDS identified BD in 50% of women with tra
ditional scoring, and it reached almost 70% when the M D Q  
was scored without the impairment criterion. Based on this 
study, we recommend the M DQ or a diagnostic assessment 
for BD be given prior to prescribing antidepressants for a 
postpartum depressed woman.

Natural History Across Childbearing
The course of episodes is useful in evaluating recurrence risk 
during pregnancy. Women with episodes that occur only after 
delivery are not likely to relapse during pregnancy even without 
medication. ’6 However, women with a chronic course are likely 
to be symptomatic during pregnancy, and maintenance medica
tion is appropriate. For women with chronic BD, discontinua
tion of drug treatment proximal to conception incurred a high 
risk for recurrence (86%) compared with patients who contin
ued treatment (37% ).9 After delivery, all women with BD are 
at high risk for recurrent mood episodes.98'99

Postpartum psychosis is typically a manifestation o f BD 
such as mania, mixed state, or depression with psychotic 
features.100 It occurs in 1 to 2 per 1000 births in the first month 
following delivery. Women are more vulnerable to psychosis in 
the post-birth period than at any other time during their lives. 
In the first 30 days after birth, a woman is 21.7 times more 
likely to develop psychosis than in the 2-year period prior to 
childbirth. If she has not had a child before, she is 35 times more 
likely to suffer psychosis than women who have children.101 The 
magnitude of these relative risks demonstrates that postpartum 
psychiatric morbidity is a major public health problem.102'103 
The mechanism for the vulnerability of postpartum women 
with BD for decompensation and psychosis have not been elu
cidated. Sleep deprivation and marked interference with circa
dian rhythms related to labor are likely contributors to mood 
instability.100 Hormone elevations near the end of gestation and 
massive postpartum withdrawal also contribute to the risk.104 
The clinical picture o f postpartum psychosis is characterized 
by rapid onset o f hectic mood fluctuations; marked cognitive 
impairment suggestive o f delirium; bizarre behavior; insom
nia; visual and auditory hallucinations, including unusual 
(tactile and olfactory) hallucinations; and impaired judg
ment and insight.105 Specific types of delusional thoughts are 
related to the risk for infanticide. Delusional altruistic homicide, 
often associated with maternal suicide, to save both mother and 
infant “from a fate worse than death” was reported in a review 
of filicides,106 that is, killing one’s son or daughter. Resnick106 
observed that 40% of the perpetrators of filicide had seen physi
cians shortly before the tragedy. Sensitive, direct questions about 
thoughts of harm to the infant are imperative in the examina
tion. Nonjudgmental inquiry can be made as follows: “Some

new mothers have thoughts such as wishing the baby were dead 
or about harming the baby; has this happened to you?”

The risk for adverse pregnancy outcomes is increased in 
women with mental illness. A population cohort study demon
strated that women with BD had an increased frequency of 
placenta previa and antepartum hemorrhage compared with 
euthymic women.107

Treatment of Bipolar Disorder During Childbearing
Medication maintenance is the mainstay o f treatment for 
BD, although psychotherapy and education are also impor
tant. Early identification of BD and rapid initiation of treatment 
results in lower rates of relapse, increased time to recurrence, 
improved medication adherence, and better function.108 Because 
abrupt discontinuation of mood stabilizers increases the risk for 
recurrence,109 education about adherence and drug tapering for 
discontinuation is advisable.

Several classes of drugs are effective for the treatment of 
mania. Lithium, some antiepileptic drugs (AEDs), and atypical 
antipsychotic drugs are efficacious; however, these treatments 
provide response in only 36% to 50% of cases,1 and patients 
often receive more than one drug to manage their mood symp
toms. To minimize fetal exposure, strategies include (1) use 
using the lowest effective doses, (2) minimizing the number 
o f drugs taken, and (3) dividing daily doses to avoid 
high peak serum concentrations, unless compliance will be 
compromised.

LITHIUM
Lithium is the standard drug for acute and maintenance therapy 
for BD. Before initiating lithium treatment, assessment of renal 
and thyroid function is necessary. The starting dose is 300 mg 
twice daily. Serum drug concentration and renal function tests 
should be repeated after 5 to 7 days of treatment. The target 
serum trough concentration is 0.4 to 1.0 mEq/L at 12 hours. 
Treatment response is usually achieved at 900 to 1200 mg daily. 
Due to the physiologic changes of pregnancy, monthly lithium 
levels are recommended in the first and second trimester with 
dose adjustment to achieve the prepregnancy concentration that 
was efficacious. In the final gestational and first postpartum 
month, weekly lithium levels may need to be measured.100 
Common side effects of lithium include sedation, tremor, renal 
dysfunction, weight gain, nausea, vomiting, and diarrhea. Toxic 
effects are associated with somnolence, confusion, severe tremors, 
renal dysfunction, and intractable vomiting. Women with vom
iting are especially vulnerable to toxicity due to fluid loss. 
Lithium toxicity is managed with drug discontinuation, rehy
dration therapy, and monitoring of fluid and electrolyte balance 
and renal function. Diuretics and nonsteroidal antiinflamma
tory drugs (NSAIDs), which can impair renal clearance, should 
be avoided in lithium-treated patients.

Lithium exposure during the first trimester was associated 
with an increased risk for Ebstein anomaly. Subsequent pro
spective studies demonstrated that the risk was overestimated 
due to voluntary reporting to a registry, which inflated the 
number of cases (numerator) and underestimated the magnitude 
of population exposed (denominator).100 The absolute risk of 
Ebstein anomaly with first-trimester exposure is 1/1000 to 
1/2000, 20 to 40  times higher than in the general popula
tion.100 Lithium-exposed neonates are at risk for being large 
for gestational age and for hypotonia, feeding difficulties, de
pressed reflexes, cyanosis, apnea, bradycardia, hypothyroidism,
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1157

THE MOOD DISORDER QUESTIONNAIRE

Instructions: Please answer each question to the best of your ability.

1. Has there ever been a period of time when you were not your usual self and...
YES NO

...you felt so good or so hyper that other people thought you were not your 
normal self or you were so hyper that you got into trouble?

o o

...you were so irritable that you shouted at people or started fights or arguments? o o

...you felt much more self-confident than usual? o o

...you got much less sleep than usual and found you didn’t really miss it? o o

...you were much more talkative or spoke much faster than usual? o o

...thoughts raced through your head or you couldn’t slow your mind down? o o

...you were so easily distracted by things around you that you had trouble 
concentrating or staying on track?

o o

...you had much more energy than usual? o o

...you were much more active or did many more things than usual? o o

...you were much more social or outgoing than usual, for example, you 
telephoned friends in the middle o f the night?

o o

...you were much more interested in sex than usual? o o

...you did things that were unusual for you or that other people might have 
thought were excessive, foolish, or risky?

o o

.. .spending money got you or your family into trouble? o o

2. If you checked YES to more than one of the above, have several of these 
ever happened during the same period of time?

o o

3. How much of a problem did any of these cause you -  like being unable to 
work; having family, money or legal troubles; getting into arguments or fights? 
Please circle one response only.
No Problem Minor Problem Moderate Problem Serious Problem

4. Have any of your blood relatives (i.e. children, siblings, parents, grandparents, O O
aunts, uncles) had manic-depressive illness or bipolar disorder?

5. Has a health professional ever told you that you have manic-depressive illness o o
or bipolar disorder?

O  2000 by The University o f  Hxas Medical Branch. Reprinted with permission. This instrument is designed for screening purposes only and is not to be used as a diagnostic tool.

FIG 55-3 Mood Disorder Questionnaire. This instrument is designed for screening purposes only and is not to be used as a diagnostic tool. 
(Courtesy The University of Texas Medical Branch.)
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1158 Section VI Pregnancy and Coexisting Disease

and diabetes insipidus.'00 The neonatal symptoms are temporary 
and are associated with maternal serum concentrations at deliv
ery of greater than 0.64 mEq/L.110 The suspension of lithium 
dosing 24 to 48 hours before a scheduled delivery or at onset 
of labor reduces the risk for perinatal complications.110 Devel
opmental milestones are normal in infants exposed in utero to 
lith ium .100

VALPROIC ACID
Valproic acid (VPA) was the first AED for mania approved by 
the Food and Drug Administration (FDA). The starting dose is 
500 to 750 mg daily in divided doses, and therapeutic levels 
range from 50 to 125 |Jg/mL. Adverse effects include nausea, 
weight gain, fatigue, tremor, ataxia, diarrhea, abdominal pain, 
alopecia, hepatitis, thrombocytopenia, and pancreatitis.

Exposure to VPA is associated with increased risk for 
serious adverse outcomes that include all birth defects (OR, 
10.7; 95% CI, 8.2 to 13.3),111 developmental delay, and fetal 
death compared with other AEDs (see Chapters 8 and 48.) 112 
W ith exposure to multiple AEDs, women have a twofold to 
fivefold increased risk for major malformations and for having 
offspring with cognitive impairment compared with monother
apy.113 Rates of malformations from polytherapy were 6.0% 
compared with 3.7% for monotherapy.113,114 VPA is concen
trated in the fetal compartment, and provision of the lowest 
effective dose in divided doses is recommended to avoid high 
single peak levels.100 Complications associated with VPA use 
near delivery include fetal decelerations and infant irritability, 
jitteriness, feeding difficulties, abnormal tone, hepatic toxicity, 
hypoglycemia, and reduction in neonatal fibrinogen levels. At 
birth, cord blood concentrations of VPA can reach twice the 
maternal levels.100,113,115

Meador and colleagues116 evaluated the intelligence quotient 
(IQ) in 6-year-old children (n = 224) who had been exposed to 
AEDs in utero, with adjustment for maternal IQ, AED drug 
type, standardized dose, gestational birth age, and use of peri- 
conceptional folate. The offspring IQs were lower after expo
sure to VPA (mean 97; 95% CI, 94 to 101) than after 
carbamazepine (mean 105; 95% CI, 102 to 108; P=  .00015) 
or lamotrigine (mean 108; 95% CI, 105 to 110; P  — .00003). 
A dose-response relationship was observed for VPA, but no other 
AED, with negative impact on offspring IQ, verbal and nonver
bal ability, memory, and executive function. For all AED expo
sures, the mean IQs were higher in children whose mothers 
received folate (108; 95% CI, 106 to 111) than in the offspring 
of non-folate treated mothers (101; 95% CI, 98 to 104; P  = 
.00009). Because over half of pregnancies are unplanned and the 
impact on neural tube development occurs 17 to 30 days post
conception, women treated with maintenance VPA are exposed 
during this critical period, often before awareness of pregnancy. 
These findings dictate against use o f VPA as a first-line drug 
for childbearing-aged women.11

CARBAMAZEPINE AND OXCARBAZEPINE
Carbamazepine (CBZ) is prescribed at doses between 400 and 
1600 mg daily to achieve a target range of 4 to 12 |ig/mL. Drug- 
induced toxicity is usually detectable from clinical symptoms, 
and the serum level provides objective evidence. During preg
nancy, the total AED levels drop, but the amount of unbound 
bioavailable drug remains constant. Serum concentrations are 
useful in the assessment of patients with exacerbation of mood 
symptoms, side effects, and questionable treatment adherence.

Hepatitis, leukopenia, thrombocytopenia, rash, sedation, and 
ataxia are CBZ side effects. Due to the additive effects on bone 
marrow suppression, combining CBZ and the antipsychotic 
clozapine is contraindicated.

The American Academy of Neurology (AAN) committee113 
found no increased risk of major malformations in the offspring 
of women who received CBZ for epilepsy. However, infants 
exposed to CBZ had twice the risk for being small for gestational 
age (SGA) and to have low Apgar scores (<7) at delivery. Exposed 
children did not have reduced cognitive function on measures 
of IQ  and developmental milestones compared with children 
who were not exposed to AED s."' Fetal serum levels of CBZ 
are 50% to 80% of maternal levels.1 l s Because adequate levels 
o f vitamin K  are necessary for normal midfacial growth and 
for the functioning o f clotting factors, CBZ exposure in utero 
could increase the risk o f neonatal bleeding.1110 Some experts 
recommend treatment with vitamin K  20 mg/day through
out pregnancy119 and 1 mg intramuscularly to neonates.

Oxcarbazepine has been used to treat mania in divided doses 
totaling 600 to 1200 mg/day. The parent compound is rapidly 
metabolized to an active hydroxy metabolite, which undergoes 
hepatic glucuronidation and renal excretion. Adverse effects 
are hyponatremia, hypersensitivity reactions, and decreased 
thyroxine levels (without altered triiodothyronine or thyroid- 
stimulating hormone [TSH]). Side effects include headaches, 
dizziness, gait disturbance, fatigue, and concentration changes. 
In 55 infants exposed in utero to oxcarbazepine (20 combina
tion therapy, 35 monotherapy), one cardiac malformation was 
reported in an infant also exposed to phenobarbital.120

LAMOTRIGINE
Lamotrigine (LTG) is indicated for bipolar depression mainte
nance therapy.121 Typical doses range from 50 to 200 mg/day, 
but doses up to 500 mg/day have been used for long-term treat
ment of patients with BD. Side effects include headaches, rash, 
dizziness, diarrhea, abnormal dreams, and pruritus.117 Aseptic 
meningitis is a rare but serious potential complication of treat
ment with LTG. The rash associated with LTG is maculopapular 
or erythematous in appearance122 and is associated with rapid 
dose escalation, combination with VPA, and treatment in ado
lescents.123 A retrospective analysis from 12 studies122 indicated 
that the rates of benign rash were 8.3% in LTG-treated and 6.4% 
in placebo-treated patients. In contrast, serious rash occurred in 
none of the LTG-treated and in only 0.1% of placebo-treated 
patients. One case of Stevens-Johnson syndrome occurred in an 
LTG-treated patient. Although this syndrome may be life threat
ening, the very low risk of serious rash must be weighed against 
the much more common risks associated with untreated BD.122

Continuing LTG reduces the risk o f recurrences in preg
nant women with BD. Thirty percent of women who contin
ued, versus all who stopped LTG, relapsed during pregnancy 
(OR, 23.2; 95% CI, 1.5 to 366).124 Patients who stopped treat
ment suffered relapses within 2 weeks. Because LTG clearance 
increases by 65% to 90% in the second and third trimesters 
compared with preconception, patients usually require higher 
doses during pregnancy. Guidelines for managing dosing across 
childbearing have been published.125 The LTG serum concentra
tion that was efficacious before pregnancy is the target level to 
be maintained by dose adjustment throughout pregnancy. The 
metabolism of LTG returns to the prepregnancy state rapidly 
after birth. To avoid maternal toxicity (dizziness, tremor, and 
diplopia), the dose should be reduced by 20% to 25% within 3
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1159

days of birth and across the first weeks postpartum based on 
serum concentrations.

The rate of congenital malformations is similar in infants 
exposed in utero to LTG compared with the general population, 
but the rate increases when LTG is combined with other 
AEDs.113 Recent studies indicate that the risk for orofacial cleft 
malformations is not increased in LTG-exposed offspring.126

ATYPICAL ANTIPSYCHOTICS
Antipsychotic drugs, including the first-generation agents
(“typical,” such as haloperidol) and the second-generation 
agents (“atypical,” such as olanzapine) are effective treatments
for BD and also for schizophrenia (see the discussion of atypi
cal antipsycho tics in the section “Treatment Interventions for 
Women W ith Schizophrenia” later in this chapter). Indications 
include maintenance therapy to prevent recurrence, bipolar 
depression (quetiapine and combined olanzapine-fluoxetine), 
and treatment-resistant depression. The usual dose ranges are
5 to 20 mg for olanzapine; 1 to 6 mg for risperidone; 100 to 
400 mg, maximum 800 mg, for quetiapine; 80 to 160 mg for 
ziprasidone; and for aripiprazole, 5 to 30 mg. The initial treat
ment is started at a lower dose and is titrated against response 
and tolerance.

The atypical agents are associated with fewer extrapyramidal 
side effects (tardive dyskinesia, tremor, rigidity, internal restless
ness, slowed movements, and dystonia) compared with the older 
typical antipsychotic agents. Side effects include somnolence, 
increased hepatic transaminases, and hyperprolactinemia.1 “ In 
pregnancy, the metabolic side effects o f the psychotropic 
drugs, particularly the atypical agents, are a major concern. 
Patients are at risk for weight gain, metabolic syndrome, 
elevated triglycerides, and glucose intolerance.1 ‘ 1 Obesity is 
associated with complications that include gestational diabetes, 
preeclampsia, caesarean delivery, and large-for-gestational age 
(LGA) infants.130'131

The reproductive risks of atypical antipsychotics have received 
minimal research attention. Pregnant women who received 
either typical or atypical drugs had increased risks for PTB, 
LBW, and major malformations compared with the general 
population, but these complications may reflect the effects of 
the underlying psychiatric disorder. Genetic liability and gene- 
environment interactions contribute to these outcomes, and 
maternal risk factors, substance abuse, nutritional status, and the 
biologic and behavioral concomitants of severe mental illness are 
likely to be the major determinants of increases in reproductive 
pathology. Rates of malformations, m ainly atrial and ventricular 
septal defects, are variable; some reports suggest that only infants 
with exposure to the typical agents were affected,131 whereas 
other data demonstrate an increased risk for malformations in 
women exposed to atypical antipsychotic drugs compared with 
controls (OR, 2.17; 95% CI, 1.20 to 3 .91 ).132

Rates o f PTB are increased in patients treated with 
antipsychotics. However, infants with fetal exposure to the 
typical drugs weighed less (3158 g + 440) than the infants 
exposed to the atypical (3391 g ± 446) or non-antipsychotic 
drugs (3382 g ± 384).133 Infants who were significantly LGA 
were born to mothers who received atypical (20%) compared 
with typical agents (2%) or non-antipsychotic drugs (3% ).133 
In addition, postnatal complications occurred significantly 
more often in infants prenatally exposed to atypical (15.6%) 
and typical (21.6%) antipsychotics compared with 4.2%  of 
non—teratogen exposed women. The frequency of stillbirth or

neonatal deaths was not increased compared with the baseline 
population.

A national pregnancy registry for atypical antipsychotics 
has been established (http://womensmentalhealth.org/posts/ 
pregnancy-registry). As of April of 2014, 408 women had 
enrolled with 300 women in the exposed group and 108 women 
in the comparison group. Rates of major malformations in the 
two groups were similar: 1.5% (3/200 live births) in the group 
exposed to atypical antipsychotics and 1.2% (1/84) in the com
parison group, a nonsignificant difference but a small sample.

ALTERNATE AND SUPPLEMENTAL TREATMENT OPTIONS
An inverse correlation between omega-3 fatty acid consump
tion and the prevalence of BD has been demonstrated.131 An 
increased duration of remission in patients with BD who were 
randomized to fish oil versus placebo was reported. 3 Electro- 
convulsive therapy (ECT) is highly effective for the management 
of treatment-resistant depression, acute mania, and severe mixed 
episodes.100,135 ECT involves delivering an electrical stimulus 
with a brief pulse device to induce a lim ited grand mal seizure 
blocked from peripheral expression by succinylcholine. During 
ECT, the patient receives short-acting anesthetic agents, which 
are not likely to cause adverse impact on the mother-infant 
pair.'00,135

Prevention of Bipolar Disorder Recurrence Postpartum
The risk for recurrence o f mania, depression, or mixed states 
postpartum is the highest at any point in a womans life. In
women who discontinued lithium therapy,136 the rates of recur
rence in the postpartum period were almost three times that of 
the nonpregnant women over a similar time (70% vs. 24%). 
Moreover, among women who had previous postpartum psycho
sis, more than 40% experienced relapse after declining immedi
ate postpartum lithium prophylaxis, and no woman who began 
medication immediately postpartum had a recurrence.16 The 
postpartum pharmacotherapy plan includes selection of the 
drugs of past response100 and educating partners to observe and 
report early symptoms to prevent episodes.

Breastfeeding for Women with Bipolar Disorder
The mother’s desire to breastfeed is an important consideration 
in the postpartum management (see Chapter 24). Successful 
lactation may be compromised by not breastfeeding through the 
night in the early postpartum period; however, sleep deprivation 
is a major factor in precipitating mania. If a partner or family 
member can provide support and feed the baby at night, sleep 
can be preserved.

The American Academy of Pediatrics (AAP)137 and the AAN138 
concluded that most medications used to treat BD produce 
breast m ilk concentrations less than 10% of the mother s weight- 
adjusted concentrations. A multicenter longitudinal observa
tional study of monotherapy of AEDs examined the impact of 
breastfeeding on IQ  at 3 years age for CBZ, LTG, and VPA.13’ 
Breastfed children did not differ from formula-fed children. 
However, the concentrations of LTG in breastfed infants aver
aged 30% to 35% of that of the mother. The risk for toxicity 
may be increased in breastfeeding infants of women who receive 
additional similarly metabolized agents such as lorazepam, 
aspirin, olanzapine, acetaminophen, and VPA.

Lithium treatment can be managed in breastfeeding women 
with education and close follow-up.137,140 In a case series of 10 
mother-infant pairs,140 infant serum lithium concentrations
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were 25% of maternal levels. In another study of three infants,141 
infant concentrations ranged from 10% to 17% of maternal 
levels. Caregivers should monitor the infant for signs of toxicity 
(poor feeding, lethargy, and hypotonia), especially in situations 
that increase the risk for dehydration (reduced feeding/oral 
intake, excessive fluid loss or fever).100 To avoid spuriously high 
levels of lithium, infant blood samples must be collected in tubes 
that do not contain lithium heparin as the stabilizing agent.

ANXIETY DISORDERS 
Diagnosis and Prevalence
Anxiety disorders comprise panic disorder, generalized anxiety 
disorder, obsessive-compulsive disorder (OCD), posttraumatic 
stress disorder (PTSD), and agoraphobia and other phobias. 
Each of these disorders is distinct and is defined by specific 
diagnostic criteria according to DSM-V.1 M any individuals have 
subclinical anxiety symptoms. To meet criteria for the diagno
sis o f an anxiety disorder, the symptoms must cause impair
ment o f functioning. In women, the lifetime prevalence of 
anxiety disorders is 5%; panic disorder, 5%; generalized anxiety 
disorder, 3%; OCD, 6%; social phobia and other specific 
phobias, 13%; and 10% for and PTSD.142'144 Multiple anxiety 
disorders are often present in an individual. W ithout treatment, 
anxiety disorders usually have a chronic course. Although rates 
of OCD are similar in men and women, all other anxiety 
disorders are 1.5 to 2 times more common in women. In 
addition, women with anxiety disorders have an increased 
risk for development o f comorbid MDE.

Panic attacks are characterized by brief (5- to 15-minute) 
intense episodes of fear or discomfort that occur in many anxiety 
disorders and in healthy individuals exposed to acute stress. 
Symptoms include palpitations, sweating, shortness of breath, 
choking, nausea, abdominal discomfort, dizziness, unsteadiness, 
numbness or tingling, chills, hot flashes, or a fear of dying or 
losing control. Panic disorder is diagnosed when attacks are 
recurrent or associated with a fear of future attacks. The most 
disabling consequence of panic disorder is agoraphobia, which 
occurs in 30% to 40% of women with untreated panic disorder. 
Patients with agoraphobia restrict activities outside the home or 
insist on being accompanied by a trusted person due to fear of 
having a panic attack where help is unavailable.

Generalized anxiety disorder is characterized by excessive 
worrying about multiple problems. The issues of concern to 
persons with generalized anxiety disorder are realistic, but the 
level of worry is much more intense than appropriate. For 
example, a woman might worry for hours about whether a friend 
received a thank you note for a gift. Individuals with generalized 
anxiety disorder have symptoms associated with worry, such as 
muscle tension, fatigue, headache, nausea, diarrhea, or abdomi
nal pain.

In contrast to generalized anxiety disorder, women with 
obsessive-compulsive disorder focus on more idiosyncratic and 
often unrealistic concerns. OCD is characterized by disturbing 
intrusive thoughts and performance of compulsions to tempo
rarily relieve the distress generated by the intrusive thoughts. 
Obsessional thoughts usually focus on a few key themes: con
tamination, causing harm, offensive violent or sexual images, 
religious preoccupations, and urges for symmetry or ordering. 
Compulsions performed to relieve these intrusive worries include 
cleaning or washing, checking, repeating, ordering, hoarding, 
and mental rituals like counting and praying. During pregnancy

and postpartum, contamination concerns and intrusive violent 
thoughts are particularly common.14’ Differentiating obsessional 
thoughts and images from delusions and hallucinations can be 
challenging.w<’ New mothers with OCD may experience dis
turbing obsessions and mental images o f harming their baby. 
They are highly distressed by these thoughts yet are not at 
increased risk o f harming their infant.

Exposure to trauma in which a woman experienced or wit
nessed an event that involved actual or threatened death or 
serious injury is required for a diagnosis of posttraumatic stress 
disorder (PTSD). The traumatic event is persistently reexperi
enced in one or more of the following ways: (1) recurrent and 
intrusive distressing recollections, (2) recurrent distressing 
dreams, (3) acting or feeling as if  the event were occurring in 
the present (flashbacks), (4) intense distress at cues that remind 
her of the event, (5) physiologic hyperarousal, and (6) exagger
ated startle responses. Symptoms must persist for at least 1 
month to meet diagnostic criteria for PTSD. M inimal study has 
been done of whether birth trauma can result in a new onset or 
recurrence of PTSD. Preliminary estimates suggest an incidence 
of 3% for delivery-related PTSD in community samples and as 
high as 15% in high-risk samples.1-1

Separation anxiety is another type of anxiety focused on 
potential harm coming to self or others that would disrupt a 
close relationship. Women with separation anxiety can experi
ence mental distress, nightmares, and physical anxiety symptoms 
associated with separation or the threat of separation.

Finally, excessive fear of a discrete object or situation consti
tutes a phobia. Social phob ia  refers to disabling fears of speaking 
or eating in public and fears of humiliation in social interactions. 
Other common specific phobias are body in jury phobia (medical 
procedures), acrophobia (heights), arachnophobia (spiders), and 
claustrophobia (enclosed spaces). Individuals with panic disor
der often have fear of situations from which they could not 
escape if  they had a panic attack (airplanes). These fears are a 
feature of panic disorder and agoraphobia and would not warrant 
a diagnosis of phobia.

Fear of Labor and Delivery
Some women have intense fear of pregnancy and childbirth. 
About 5% to 10% of pregnant women have extreme fear of 
delivery, which may be considered a type of phobia. These 
women often request surgical deliveries to avoid labor. Risk 
factors for intense fear of delivery and requesting cesarean 
delivery include preexisting mental illness, history of abuse, 
poor social support, unemployment, and previous complicated 
delivery. Focused, short-term psychotherapy may enable these 
women to accept a vaginal delivery and improve the birth 
experience.148

Natural History Across Childbearing
Pregnancy, delivery, and lactation produce profound changes 
in physiology, including changes in multiple hormonal and 
neurotransmitter systems that modulate anxiety symptoms. 
However, there has been relatively little study of the course of 
anxiety symptoms or anxiety disorders during pregnancy and 
postpartum. In one large prospective study, more women scored 
above threshold on an anxiety scale during weeks 18 and 32 of 
pregnancy compared with 8 weeks and 8 months postpartum, 
which suggests that nonspecific anxiety symptoms worsen 
during pregnancy. Antenatal anxiety symptoms and anxiety 
disorders are associated with an increased risk o f postpartum
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depression, even after controlling for antenatal depression.14 1
Anxiety disorders are as common as MDE in the postpartum 
period.86 W ith respect to specific anxiety disorders, prelimi
nary evidence suggests that panic disorder can improve during 
pregnancy but can recur postpartum. In addition, cessation of 
breastfeeding may precipitate relapse of panic disorder.1̂ 1 Preg
nancy and childbirth can trigger the onset of or an exacerba
tion of preexisting O CD .145,151 Obsessive-compulsive symptoms 
are very common in postpartum depression.152 Intrusive violent 
thoughts and contamination concerns are quite common in new 
mothers without psychiatric disorders.153,15 No information was 
found on the effects of pregnancy on the course of generalized 
anxiety disorder, phobias, or PTSD.

Beta-adrenergic agonists such as terbutaline may precipitate 
panic attacks and other anxiety symptoms during the treatment 
of premature labor. Hyperthyroidism is associated with panic 
attacks, and anxiety and should be considered in the differ
ential diagnosis o f postpartum-onset anxiety episodes.

Effects of Anxiety During Childbearing
Anxiety symptoms and anxiety disorders are associated 
with an increased risk o f preeclampsia and reduced birth
weight.155,156 PTSD, an anxiety disorder associated with marked 
hyperarousal symptoms including severe insomnia has been 
associated with increased risk of PTB.157,158 Less is known about 
other anxiety disorders and their relationship to delivery com
plications.159 Psychosocial stress also has been linked to-higher 
rates of PTB, and several physiologic pathways have been pro
posed to mediate the association, including autonomic arousal, 
elevated levels of cortisol and corticotropin-releasing hormone, 
and systemic inflammation.160 Lack of sleep, a common symptom 
of anxiety disorders, can increase inflammatory load and is asso
ciated with PTB.161

Prenatal anxiety also has been associated with adverse 
effects on offspring. Fetuses of anxious women show increased 
heart rate reactivity to maternal stressors, and newborns of 
highly anxious mothers have reduced heart rate variability and 
poor autonomic regulation.162,163 Poor autonomic regulation of 
heart rate has been linked to impaired emotional regulation in 
older children and adults. In utero and as newborns, the off
spring of anxious women spend more time in deep sleep162'164 
and are more likely to cry excessively.165

Maternal anxiety during pregnancy is associated with atten
tion deficits, motor immaturity, and difficult temperament in 
offspring. In two large prospective longitudinal studies, anxiety 
during pregnancy increased the risk for hyperactivity, conduct 
disorder, and anxiety in childhood after controlling for obstetric 
and sociodemographic risks and for maternal depression.166168 
Research is needed to understand the contributions of genetic 
risk factors, parenting behaviors, and the altered uteroplacental 
milieu to developmental and psychiatric problems in the off
spring of anxious mothers.

Treatment of Anxiety Disorders
The boundary between normal and pathologic anxiety cannot 
be drawn with great precision. When anxiety substantially 
impairs work, family, or social adjustment, mental health 
evaluation is indicated, and treatment is appropriate. Panic 
disorder responds to most antidepressant medications, which 
are first-line therapies for this disorder. Benzodiazepines are 
also effective but are associated with abuse and physical depen
dence in a subset of patients. Cognitive behavior therapy (CBT)

is a time-limited, structured psychotherapy that is also effective 
for panic disorder.

In contrast, OCD is effectively treated specifically with the 
SSRI antidepressants. A behavioral therapy technique, exposure 
and response prevention, is also effective for OCD. Generalized 
anxiety disorder responds to a variety of antidepressant medica
tions and to cognitive therapy. PTSD is partially responsive to 
antidepressants, but psychotherapy or combination treatment is 
often more effective. The first-line medication treatment for 
social phobia includes SSRIs and CBT. Specific phobias are 
treated with focused desensitization therapy rather than medica
tion. An excellent patient educational workbook on anxiety 
disorders is available (see the resource list at the end of this 
chapter).

A risk-benefit evaluation for treatments during pregnancy 
must be individualized for the pregnant woman with anxiety 
disorder because, like MDE, anxiety can have a negative impact 
on pregnancy outcome (see Chapter 8). If psychotherapy treat
ment is refused, not available, or ineffective, pharmacologic 
treatment should be considered. The use of antidepressants in 
pregnancy and lactation has been reviewed in the section on 
major depression. Evidence from the available studies indicates 
that the teratogenic risk from benzodiazepine exposure, if 
any, is very small.169 However, less is known about the effect of 
benzodiazepines on neurodevelopment. At delivery, neonates 
exposed to higher doses can have withdrawal seizures or 
hypotonia.1 0

Benzodiazepines enter breast milk but the concentration in 
m ilk varies by drug, dose, and frequency of use. Because alterna
tive treatments are available for anxiety disorders, benzodiaze
pines often can be avoided or used to treat targeted symptoms 
for limited periods during pregnancy and lactation. Intermittent 
use of short half-life benzodiazepines is preferred because chronic 
use of long-acting benzodiazepines can result in infant sedation, 
and mothers must be educated to observe for drowsiness and 
poor feeding. Also, little is known about the degree to which 
benzodiazepines are absorbed into the circulation of breastfed 
infants.

EATING DISORDERS 
Diagnosis and Prevalence
The classifications of eating disorders have been substantially 
updated in the “Feeding and Eating Disorders” section of DSM- 
V.171 Eating disorders are particularly relevant during pregnancy 
and lactation, when the increased requirement for food intake 
can be directly affected by disordered eating. This section will 
review anorexia nervosa (AN) and bulimia nervosa (BN).

AN is characterized by the restriction o f energy intake 
relative to requirements, which leads to low bodyweight, an 
intense fear o f gaining weight or o f becoming fat, or persis
tent behavior that interferes with weight gain.1 1 In addition, 
women with AN have a disturbance in the way in which their 
body weight or shape is experienced, they allow an undue influ
ence to be placed on body shape or weight in self-evaluation, 
and a persistent lack of recognition of the seriousness of the 
current low body weight is evident. In AN, the body mass index 
(BMI) is usually less than 18.5 kg/m2. Although amenorrhea is 
no longer a required criterion, most women have secondary 
amenorrhea. The prevalence of AN in adolescents and young 
adult women is 0.4%. The longitudinal course of AN is variable 
and includes remission, residual partial symptomatology, or a
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1162 Section VI Pregnancy and Coexisting Disease

fluctuating or chronic course. However, the majority of indi
viduals with AN experience remission within 5 years.171'1 2 AN 
is associated with elevated mortality rates (5% per decade) due 
to both medical complications and increased suicide rates.171

Bulim ia nervosa (BN) is defined as recurrent episodes of binge 
eating, a sense of lack of control over eating during the binge 
episode, and recurrent compensatory methods to prevent weight 
gain.1 1 BN is common and occurs in 1% to 1.5% of young 
adult women. A binge is eating in a discrete period of time (e.g., 
within 2 hours) an amount of food that is larger than what most 
people would eat during a similar period of time. Inappropriate 
compensatory behaviors include self-induced vomiting; laxative, 
diuretic, or other medication (e.g., ipecac) abuse; fasting; and 
excessive exercise. The binge eating and compensatory behav
iors must occur at least once a week for 3 months. Women 
with BN maintain body weight at or above a normal range. 
Self-evaluation that is unduly influenced by body shape and 
weight is also part of the disorder. The longitudinal course of 
BN can include remission, chronicity, intermittent recurrence, 
and prolonged disturbed eating behavior. BN has an elevated 
mortality risk (2% per decade).1 1 In women who report lifetime 
binge eating, both amenorrhea and oligomenorrhea are more 
common than in women who do not report binge eating.173 The 
ratio of women to men with both AN and BN is striking at 
10: 1 .  The etiology o f eating disorders has contributions from 
multiple domains: the societal ideal o f thinness and encour
agement o f women to define themselves by the way others 
perceive them; families that demand conformity and high 
achievement; genetic susceptibility (50% to 80% of the vari
ance in liability to AN and BN is accounted for by genetic 
factors); personality traits that include low self-esteem, 
impulsivity, obsessionality, perfectionism, and emotional 
instability; and chronic disease, such as diabetes melli
tus.1 ' 1 s Dysregulation of neurotransmitters, neuropeptides, 
and endocrine factors also likely contribute to etiology. Dieting 
frequently triggers the onset of an eating disorder in vulnerable 
individuals.17

Women with eating disorders rarely voluntarily disclose their 
maladaptive eating behaviors, but they may present to their 
obstetrician-gynecologist with complaints of irregular menses, 
infertility, sexual dysfunction, unexplained vomiting, fatigue, or 
palpitations. 174 The obstetrician-gynecologist or primary care 
clinician can screen for eating disorders with questions about 
restricted eating, binge eating, purging behavior, and compulsive 
exercise. Medical examination should include obtaining the 
patient’s weight and evaluation for loss of dental enamel and 
abrasions on the hands from self-induced vomiting.174 AN or 
BN can also present with disruption or cessation of ovulation, 
and these disorders are included in the differential diagnosis of 
secondary amenorrhea. Laboratory investigations may disclose 
abnormalities of electrolytes, blood urea nitrogen, creatinine, 
amylase, and thyroid indices. The medical consequences of AN 
and BN are numerous, and the medical complications may be 
life threatening (Box 55-2). Cardiac rhythm disturbances are 
common in patients with AN and are usually reversible with 
improvement in nutritional status. Cardiomyopathy due to 
chronic ipecac (emetine) abuse in BN may not be reversible.1 6 
Osteopenia occurs in more than 90% of adult women with AN, 
and about 40% have osteoporosis at one or more sites.1 
The lumbar spine is most affected. Weight restoration and nutri
tional replenishment are the ideal treatments for improving 
bone density. Whereas estrogen supplementation may have a

BOX 55-2 PHYSICAL AND LABORATORY FINDINGS IN 
WOMEN WITH EATING DISORDERS

Common in Women With Eating Disorders
Bradycardia
H ypotension and orthostasis
H ypotherm ia
Dry skin

More Common in Anorexia Nervosa Due to Severe 
Calorie Restriction
Emaciated; m ay w ear oversized clothes 
Sunken cheeks, sa llow  skin 
Lanugo (fine do w n y body hair)
A trop h ic  breasts/atrophic vag in itis
P itting edema o f extrem ities
Dull, th in n in g  scalp hair
Cold extrem ities, acrocyanosis
Osteopenia, increased risk o f fracture
Constipation
Fluid re tention after laxative o r d iu re tic  w ith d raw a l 
Laboratory: Anem ia, t blood urea n itrogen, T cholesterol, 
T liver function  studies, t am ylase; 4- platelets, i  
m agnesium , i  zinc, 4 phosphates, 4. th y ro id . W ith  
laxative abuse: m etabolic acidosis

More Common in Women Who Purge
Parotitis
Calluses on dorsal hand surface fro m  self-induced emesis 
Oral m ucosal abrasions
Dental enam el erosion, to o th  ch ipp ing , extensive cosm etic 

dental w ork
Cardiac and skeletal m yopath ies from  ipecac abuse 
Laboratory: M etabolic  alkalosis, I sod ium , 4 chloride, 4 

potassium , T bicarbonate from  purg ing

Data from  American Psychiatric Association, Diagnostic and Statistical 
Manual, 5th Edition. Arlington, VA: American Psychiatric Association, 
2013; Hay P, et al. Royal Australian and New Zealand College o f Psychia
trists clinical practice guidelines fo r the treatm ent of eating disorders. 
Aust N Z J  Psychiatry. 2014;48( 11 ):977-1008; and Hsu LK. Eating disor
ders: practical interventions. J Am Med Womens Assoc. 2004;59(2): 
113-124.

promising role, oral contraceptives have not demonstrated con
sistent benefit.177 Similarly, data to support bisphosphonate use 
in AN are conflicting, and the potential teratogenic effects com
pounded by its long half-life preclude its use for osteoporosis in 
premenopausal women with A N .178,179

Natural History Across Childbearing
Due to anovulation, fertility is often diminished in women 
with AN or BN due to a reduction in the secretion of 
gonadotropin-releasing hormone and, in turn, a reduction in 
both luteinizing hormone and follicle-stimulating hormone.
However, if  pregnancy is achieved, it can be a stimulus that 
moves a woman through the continuum from subthreshold 
symptoms to overt eating disorder.1 ' Changing body shape and 
loss of control of weight gain may reactivate deviant eating pat
terns and concerns about body shape in women with a history 
of an eating disorder. Persistence of active eating disorder symp
toms and the development of binge eating during pregnancy 
have been reported. However, several studies have suggested 
that many pregnant women with BN decrease binge eating 
and purging. Some women with active eating disorders allow 
themselves to eat nutritiously and do not purge, with motivation
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1163

derived from promoting the health of the growing baby.1 " The 
optimal treatment o f pregnant women with a prior or active 
eating disorder includes a multidisciplinary team o f the 
obstetrician-gynecologist, nutritionist, and mental health 
clinician.175 Frequent prenatal visits, regular weighing, and 
enhanced support encourage recommended weight gain and 
nutrition to ensure fetal well-being. Binge eating during preg
nancy may be associated with higher gestational weight gain. 
BN during pregnancy has been associated with elevated rates of 
nausea and vomiting, but the risk of hyperemesis gravidarum 
with BN may not be increased.180

A recent systematic review reported that children of mothers 
with AN have an increased risk of LBW.181 Inadequate weight 
gain in pregnancy, elevated risk of miscarriage, IUGR, infants 
born SGA, microcephaly, PTB, antepartum hemorrhage, and 
cesarean delivery have also been reported. Some of these adverse 
pregnancy outcomes may be mitigated in women who gain 
appropriate weight during pregnancy. 18218‘* Eating disorders and 
food restriction were associated with an increased risk of neural 
tube defects likely due to decreased folic acid levels.ISS Weight- 
controlling behaviors that can lead to nutritional deficiencies—  
including strict dieting, vomiting, and excessive physical 
exercise— may impact fetal brain development and fetal stress 
responses.186 Negative birth outcomes in women with BN have 
included elevated rates of miscarriage, PTB, and cesarean deliv
ery.187 Both LBW and macrosomia have been reported in women 
with BN.

The postpartum period is a time o f risk for the onset of 
MDE and poor maternal adjustment.1 11 Women with a 
history o f BN have a threefold increased risk o f postpartum 
MDE compared with women without eating disorders. ^
Increased stress with a new infant, feelings of lack of control, 
and a desire to lose pregnancy weight may precipitate recurrence 
of AN or BN even if  the symptoms were under control during 
pregnancy. The postpartum period is another critical time for a 
woman with an eating disorder to receive enhanced support and 
treatment from a multidisciplinary team. Children of mothers 
with active eating disorders show slower growth in the first year 
of life189 and increased psychopathology in childhood and early 
adolescence.190

Treatment of Eating Disorders
Specific treatment goals for patients with eating disorders 
include establishing healthy eating behaviors; stabilizing 
nutritional intake and weight; correcting dysfunctional 
thoughts about weight; and addressing perfectionism, low 
self-esteem, the pursuit o f thinness, mood lability, interper
sonal difficulties, and poor coping skills through psycho
therapy. Addressing comorbidities such as depression, anxiety, 
and medical problems are also part of the treatment plan.

Anorexia Nervosa
Women with AN may require hospitalization because of emacia
tion, severe electrolyte disturbances, depression, suicidality, or 
failure of outpatient treatment.191 A structured behavioral inpa
tient program involves individual and group psychotherapy, 
meal planning and supervision, nutrition consultation, psychi
atric consultation, and medical monitoring.1 “1 1 Caloric intake 
that increases too rapidly may lead to refeed ing syndrome, a 
serious condition characterized by electrolyte and mineral 
abnormalities and fluid shifts. Length of inpatient hospitaliza
tion and weight achieved at discharge are prognostic predictors,

although 50% of weight-restored women with AN have a relapse 
in the first year after hospitalization.1 32

Psychotherapies for AN include family therapy, CBT, insight- 
oriented psychotherapy, supportive clinical management, and 
interpersonal psychotherapy. No medications are approved by 
the FDA for the treatment of AN, nor are any recommended 
by treatment guidelines. Comorbid depression and anxiety often 
improve with weight gain. Psychotropic medications are usually 
instituted to treat depression and anxiety or when psychotherapy 
alone has not been effective. The core symptoms of AN are rela
tively refractory to psychotropic agents. Studies have included 
typical antipsychotics, atypical antipsychotics, tricyclics, and 
SSRIs.193 Meta-analyses of antipsychotic medications have not 
demonstrated superiority over placebo for weight gain, decreased 
anxiety, or improvement in eating disorder cognitions.1 '

Relapse prevention is a challenging problem in treating AN, 
and longitudinal studies demonstrate that AN is a chronic dis
order.172 CBT is helpful in weight-restored women in preventing 
a relapse of AN. A controlled study showed that fluoxetine 
was not superior to placebo in weight-restored women also 
receiving CBT.19'

Bulimia Nervosa
CBT is the first-line treatment for BN, and both short-term 
and long-term efficacy has been demonstrated. In CBT, the 
therapist identifies the stimuli to thought processes and emo
tions that maintain the binge-purge-starve cycle. The woman 
develops strategies to manage the disturbed eating, changes the 
dysfunctional cognitions, and builds alternative ways to manage 
distress. CBT is a time-limited individual or group psycho
therapy. When CBT is not available, self-help manuals and 
web-based programs utilizing the principles of CBT can be 
encouraged (see the resource list at the end of this chapter).

Placebo-controlled RCTs with SSRIs, TCAs, and monoamine 
oxidase inhibitors (MAOIs) have been promising for the reduc
tion of binge eating and purging, although a minority of patients 
achieve full remission.193'196 Fluoxetine is FDA approved for BN 
at a dose of 60 mg/day. Bupropion is contraindicated due to 
reduced seizure threshold in patients with eating disorders. 
M any studies of antidepressants also demonstrate reduction of 
core eating disorder psychopathology such as weight and food 
preoccupation. The reduction of binge eating and purging fre
quency with antidepressants is independent of comorbid depres
sion. Adding an antidepressant to CBT is a prudent clinical 
strategy when depression is comorbid.1 116 Symptomatic 
improvement and sustained remission may be maximized with 
combined CBT and antidepressant medication.

Reduction in binge eating and purging has also been reported 
with ondansetron and topiramate.113 Ondansetron is a 5-HT3 
antagonist that reduced symptoms compared with placebo, pos
sibly due to regulation of vagal activity. Topiramate has been 
reported to reduce the number of binge-purge days and to 
improve self-esteem, eating attitudes, anxiety, and body image. 
However, topiramate is not recommended as first-line therapy 
in reproductive-aged women due to increased risk of oral clefts 
in offspring with first-trimester use.

SCHIZOPHRENIA 
Diagnosis and Prevalence
Schizophrenia is a disabling brain disease that affects 1% of 
the population. The defining feature o f schizophrenia is
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1164 Section Vi Pregnancy and Coexisting Disease

psychosis, which refers to specific clinical symptoms not to 
the severity o f the episode. Schizophrenia is characterized by 
delusions (fixed false beliefs), hallucinations, disorganized 
speech, grossly disorganized behavior or catatonia (displays of 
bizarre posturing, rigidity, mutism, negativism, purposeless 
excitement, echolalia), and negative symptoms (lack of emo
tional expression, apathy) that result in significant social or 
occupational dysfunction. To have schizophrenia, an individual 
must exhibit at least two of the specified symptoms, which must 
have been present for 6 months, and include at least 1 month 
of active symptoms. The etiology of schizophrenia is unknown, 
but proposed mechanisms include (1) excessive dopamine trans
mission; (2) in utero exposure to influenza or other viral agents, 
which resulted in neurobiologic disruptions158; and (3) altered 
neuroplasticity or neurodevelopmental trajectories.199 Schizo
phrenia is distinguished from mood disorders, which may also 
present with psychosis, by the persistence of hallucinations or 
delusions when mood symptoms have remitted. The mortality 
and morbidity of schizophrenia is high, and 10% of patients 
complete suicide. Women are more likely to have a later onset, 
prominent mood symptoms, and a better prognosis than 
men. The median age o f onset is in the late second decade 
for women. Women have less severe symptoms, fewer hospi
talizations, a higher likelihood to return to work, and more 
social support than men.2011 About 67%  o f women with 
schizophrenia, compared with 29% o f men, are married, and 
women are twice as likely to have children.20"

Natural History Across Childbearing
Women with schizophrenia have lower fertility rates compared 
with healthy women despite low rates of contraceptive use; 
irreversible causes of infertility—such as hysterectomy, early 
menopause, and sterilization— are higher among schizophrenic 
women.201 Concurrent maternal smoking, substance use, and 
socioeconomic problems increase the risk for poor pregnancy 
outcomes. In a population-based cohort study of over 3000 
births from 1980 to 1992,10 mentally ill women were at 
increased risk for obstetric complications that included pla
cental abruption (OR, 2.75; 95% CI, 1.32 to 5.74) and ante
partum hemorrhage (OR, 1.65; 95% CI, 1.02 to 2.69) 
compared with women who did not have psychiatric disor
ders. In the first year after delivery, mothers with schizophrenia 
had high rates of recurrent episodes of psychosis (27%) and 
depression (38% ).202 Children born to women with schizophre
nia are susceptible to subtle neurodevelopmental problems, but 
the origins (genetic, environment, psychosocial) are complex. 
Data on the mothers’ nutritional status, exposure to psychotro
pic medications, other prescription or over-the-counter drugs 
that impact reproductive outcomes, violence, and medical 
comorbidities are usually lacking from studies.107

Extrapolating From Studies on the General Population
Because no specific data for the treatment course in pregnant 
women with schizophrenia are available, information from the 
general literature will be reviewed. Stopping antipsychotic treat
ment results in high relapse rates: 53% of patients who discon
tinued treatment, compared with 16% who continued treatment 
for at least 10 months, relapsed during follow-up.203 Sudden 
treatment cessation, younger age, early age of illness onset, need 
for high doses of antipsychotic medication, and recent admis
sion also predicted recurrence. Because o f the high relapse 
risk without treatment, patients with schizophrenia often

continue antipsychotic therapy during pregnancy. The pre
ferred drug is the antipsychotic, which provided the greatest 
symptom reduction and the least side effects for the indi
vidual.204 If a woman elects to remain monitored without medi
cation, a plan should be developed for reinstituting medication 
rapidly if  prodromal symptoms occur. Services that offer inte
grated obstetric and psychiatric management, pharmacother
apy, parent education groups, and family programs are optimal 
for promoting positive outcomes.205

Treatment Interventions for Women 
With Schizophrenia
In a large double-blind controlled trial of 1500 patients with 
schizophrenia, clinical outcomes were similar among groups of 
patients who received one of four atypical antipsychotics— 
olanzapine, quetiapine, risperidone, or ziprasidone— or the 
older antipsychotic perphenazine.206 The typical antipsychotic 
perphenazine was as well tolerated as the newer compounds and 
as effective as three of the four newer agents. Although patients 
taking olanzapine had lower rates of drug discontinuation and 
hospitalization, the benefits were offset by higher rates of weight 
gain and metabolic side effects. Although the study excluded 
pregnant women, the results have implications for their treat
ment. The risk-benefit decision may favor the use of typical 
agents during pregnancy, particularly for women with insulin 
resistance, obesity, and hypertension. Control o f the psychotic 
disorder, which usually requires medication continuation, is 
critical for maternal and fetal health.20*

Antipsychotic Drugs During Pregnancy
Clozapine was the first atypical agent to be released; however, 
burdensome side effects—such as weight gain, tachycardia, dys- 
lipidemia, sedation, and drooling— and mandatory periodic 
monitoring for agranulocytosis create significant barriers to use 
(see the earlier section on the use of these drugs to treat bipolar 
disorder in women of childbearing age). Clozapine is reserved 
for patients whose illness is nonresponsive to treatment with 
less toxic drugs. Clozapine use in pregnancy has been associated 
with normal deliveries as well as with gestational diabetes, shoul
der dystocia, hypotonia, and neonatal convulsions.207

The most available reproductive data among the atypical 
drugs is for olanzapine. Brunner and colleagues208 reported 
the outcomes from 610 prospectively identified pregnancies 
tracked worldwide in Eli Lilly and Company’s safety database 
of voluntary reports. Most women reported olanzapine expo
sure throughout pregnancy (44.3%) or in the first trimester 
only (31.5%). The rates of adverse outcomes— such as early 
pregnancy loss, congenital anomalies, PTB, and stillbirth— did 
not differ in olanzapine-exposed, compared with nonexposed, 
women. Olanzapine dosages ranged from 0.6 to 35.0 mg/day, 
with a mean dosage of 10.3 mg/day.

Risperidone is an atypical agent with diverse receptor- 
blocking activities. At dosages above 6 mg daily, hyperprolac
tinemia and motor side effects may emerge. In a postmarketing 
study of 68 prospectively reported pregnancies with a known 
outcome, structural malformations occurred in 3.8% , which was 
consistent with background rates in the general population.209 
Neonatal adaptation difficulties included tremor, jitteriness, irri
tability, feeding problems, and somnolence.

Quetiapine is an atypical antipsychotic with a wide dose 
range, with maintenance dosages from 400 to 800 mg/day after 
initial titration. Side effects include sedation, weight gain, and
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headache. The few published cases of in utero exposure to que
tiapine resulted in normal intrauterine growth, full-term deliver
ies, and favorable Apgar scores.204 Yaeger and colleagues210 
presented a sophisticated case discussion of quetiapine treatment 
of a pregnant woman that provides a clinical review.

Ziprasidone is a suitable choice for managing psychosis, with 
its neutral effects on weight and lipid and glucose metabolism ; 
however, its use may be associated with prolonged QTc syn
drome. Limited information on perinatal exposures with zipra
sidone is available. O f 57 cases of known outcomes from 
gestational exposure, one malformation212 was observed.

Aripiprazole has novel dopamine antagonist and partial 
agonist activity. It is indicated for schizophrenia, bipolar mania, 
mixed episodes, and severe MDE combined with an antidepres
sant. A recent report from a multicenter cohort study that used 
prospectively collected data from 2004 to 2011 suggested that 
exposure to aripiprazole was not associated with increased rates 
of birth defects, miscarriages, or gestational diabetes compared 
with nonexposure.213 However, women treated with aripiprazole 
may experience declines in the serum concentration of aripipra
zole from enhanced hepatic metabolism in pregnancy and could 
require higher doses.214 Recent evidence of increased rates of 
prematurity (11 of 86 [16%] vs. 11 of 172 [7%]) and fetal 
growth impairment (12 of 86 [19%] vs. 11 of 172 [7%]) in 
exposed newborns compared with nonexposed newborns could 
signify concern.213 However, the findings were difficult to inter
pret because the majority of women in the exposed group (65%) 
had received aripiprazole for a brief duration in the first trimester 
only. In addition, the women receiving aripiprazole also reported 
high rates of cigarette smoking, a proven risk factor for preterm 
birth and fetal growth problems.

The longitudinal development of 76 infants exposed through
out pregnancy to atypical antipsychotics was compared with 76 
women without mental illness or antipsychotic exposure.21 s At
3 months, the mean scores of cognitive, motor, social-emotional, 
and adaptive behavior as assessed by the Bayley Scales of Infant 
Development were significantly lower in exposed infants. 
However, no significant differences between the two groups were 
noted at 12 months of age for any of the mean composite scores 
of the Bayley scales. More infants exposed to atypical antipsy
chotics had lower birthweight than the controls (13.2% vs. 
2.6% , P  = .031), although no significant differences were 
reported in mean weight and height at birth between the two 
groups. In a separate prospective controlled study from 1999 to 
2008, investigators examined the outcomes from intrauterine 
exposure to psychotropic drugs in mother-infant dyads. ^  Find
ings suggested 6-month-old infants exposed to antipsychotics 
(n = 22) had significantly lower neuromotor performance on the 
standardized Infant Neurological International Battery examina
tion compared with infants exposed to antidepressants (n — 202) 
or no psychotropic agents (n  = 85). Because impaired neuromo
tor functioning also was associated with maternal disorders, 
including major depressive disorder or a psychotic disorder, it is 
still not possible to disentangle the medication effects from the 
effects of maternal illness.

Optimal maternal and infant outcomes are achieved 
through individualized treatment planning by a mental 
health team in collaboration with community programs. The 
antipsychotic agent associated with the greatest symptom 
reduction, balanced against its side effects, is the preferred 
drug for the individual pregnant woman. 04 An additional 
consideration in risk-benefit discussions is whether that

preferred drug could be replaced by one with a more favorable 
reproductive risk profile w ithou t compromising efficacy and tol- 
erability, but no antipsychotic has emerged as definitively more 
efficacious or having less adverse reproductive effects than any 
other.204 Several factors impact the choice of a medication 
change, including patient and physician concern about the lack 
of data for the preferred drug—particularly for newer agents— 
and prior treatment experience with a drug that has less impact 
on a medical condition that existed before or developed during 
pregnancy. A factor in every risk-benefit decision is the fact that 
pregnancy outcome data for drug exposure is inextricably tied 
to outcomes related to the underlying illness for which the drug 
is being prescribed.204

Antipsychotic Drugs During Breastfeeding
The high concentration of clozapine in breast m ilk has been 
attributed to its lipophilicity.216 The excretion of olanzapine, a 
highly protein-bound agent, in breast m ilk has been assessed in 
small case series. I he median estimated dose in infants was 1.6% 
to 4.0%  of the maternal dose.217 In a woman who took olan
zapine (10 mg) daily through childbearing, maternal plasma 
levels were 33.4 ng/mL at delivery; the infant level was about a 
third of the maternal level.218 The breastfed infant’s levels were 
below 2 ng/mL at 2 and 6 weeks. Breastfed infants of mothers 
taking olanzapine can display somnolence, irritability, tremor, 
and insomnia.208

Three breastfed infants of mothers who were treated with 
risperidone had nondetectable serum drug metabolite levels and 
no evidence of adverse reactions.219 A mother who was treated 
with risperidone (6 mg/day) provided serial samples of plasma 
and breast m ilk every 4 hours over a 24-hour period. The infant 
drug intake was estimated to be 0.84% of the maternal dose for 
risperidone, 3.5% for its metabolite, and 4.3%  of the weight- 
adjusted maternal dose.220

Six breastfeeding women who received treatment with 
quetiapine221 provided breast m ilk for assay. The total daily 
infant exposure was less than 0.01 mg/kg/day for five infants 
and less than 0.10 mg/kg/day for one infant. The estimated dose 
of ziprasidone received by the breastfed infants was 1.2% of 
the maternal dose.222 A woman treated with aripiprazole 
throughout pregnancy breastfed her full-term infant; at 27 days, 
no detectable levels of drug or metabolite were found in milk 
samples.223

SUBSTANCE-RELATED DISORDERS 
Diagnosis and Prevalence
Children exposed to drugs in utero are more likely to experience 
a range of physical and neurodevelopmental problems.2’ 1 In an 
American national survey,223 5.4%  o f pregnant women 
reported illicit drug use in the month prior, and Cannabis 
was the most frequently used substance. Rates were higher 
in the first (9.0%) and second (4.8%) trimesters than in the 
third trimester (2.4%). All rates were lower than those found 
for nonpregnant women from the same age cohort (11 .4%). 
These data demonstrate that many substance-using women dis
continue use when they become pregnant. For women with 
ongoing substance use disorder (SUD), addiction treatment 
is the most effective method for improving maternal and 
infant/child outcomes.226 Because addiction often occurs in 
the context o f psychiatric and/or medical comorbidities, 
poverty, poor nutrition, and violence, comprehensive
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1166 Section VI Pregnancy and Coexisting Disease

BOX 55-3 DSM-V CRITERIA FOR SUBSTANCE 
USE DISORDER

1. The substance is often taken in larger am ounts o r over 
a longer period than was intended.

2. The desire to  cut dow n or con tro l substance use is 
persistent, but e ffo rts  to  do so are unsuccessful.

3. A great deal o f tim e  is spent in activ ities necessary to 
obtain the substance, use the substance, o r recover 
from  its effects.

4. A  craving, urge, o r a strong desire to  use the 
substance is evident.

5. Recurrent substance use results in a fa ilu re  to  fu lfill 
m a jor role ob liga tions at w ork, school, or home.

6. Substance use is con tinued despite having persistent 
or recurrent social or in te rpersona l prob lem s caused 
o r exacerbated by the effects.

7. Im portan t social, occupational, or recreational 
activ ities are given up o r reduced because of 
substance use.

8. Substance use is recurrent in s itua tions in w h ich  it is 
physica lly  hazardous.

9. Substance use is con tinued despite know ledge of 
having a persistent or recurrent physical or 
psychologic problem  tha t is like ly to  have been caused 
or exacerbated by the substance.

10. Tolerance is evident, in e ither the need fo r m arkedly 
increased am ounts o f the substance to  achieve the 
desired effect o r a m arkedly d im in ished effect w ith  
con tinued use o f the same am ount o f the substance.

11. W ithdraw al occurs, w ith  e ither characteristic 
w ith d raw a l syndrom e fo r  the substance or w ith  the 
substance, o r a c losely related one, being taken to 
relieve o r avoid w ith d raw a l sym ptom s.

From American Psychiatric Association (APA). The Diagnostic and Sta
tistical Manual of Mental Disorders, Fifth Edition. APA; 2013.
Severity ratings range from  mild (2 to  3 criteria) to  moderate (4 to 5 
criteria) to  severe (6 to 11 criteria).

treatment programs that specialize in the care o f pregnant 
and parenting women play an integral role in improving 
birth outcomes and increasing the likelihood o f recovery 
from addiction. Criminalization and incarceration of women 
for prenatal substance use often has deleterious effects and can 
compromise both maternal and fetal health.227

SUDs are diagnosed using the DSM-V,1 which integrates the 
two previous categories of substance abuse and dependence from 
DSM-IV into SUD (Box 55-3). Each class of drugs is evaluated 
separately and receives its own severity rating based on the 
number of criteria met for that substance.

Screening, Brief Intervention, and Referral to Treatment
To invest in the health of their baby, pregnant women with SUD 
are more likely to participate in health care during pregnancy 
than at other times in their lives.228 The standard obstetric 
history includes questions about alcohol, tobacco, and other 
drug use, and obstetricians can educate women that casual drug 
use increases risks for adverse maternal and infant outcomes. 
Screening, brief intervention, and referral to treatment is an 
efficient, evidence-based approach to improve perinatal out
comes230 that is endorsed by ACOG.22'’ Brief interventions 
range from practitioner advice to reduce or stop drug use to 
psychoeducational counseling. The practitioner can facilitate 
access to treatment, and level of care (outpatient, residential) is

TABLE 55-2 SCREENING WITH THE FOUR P'S PLUS

Parents

Partner
Past
Pregnancy

Did either of your parents ever have a problem with alcohol 
or drugs?

Does your partner have a problem with alcohol or drugs?
Have you ever had any beer or wine or liquor?
In the month before you knew you were pregnant, how 

many cigarettes did you smoke?
In the month before you knew you were pregnant, how 

much beer/wine/liquor did you drink?

From ChasnofFIJ, Hung W C. The 4 P s Plus. Chicago: NTI Publishing; 1999.

determined by severity of addiction and other presenting medical 
and psychosocial needs.226

Screening for substance use and dependence is an integral 
component of health assessment during obstetric care.2"8 Reli
able and valid screening tools are useful to identify alcohol, 
tobacco, and other drug use in pregnant women.2"6 For alcohol, 
the T-ACE mnemonic—which stands for tolerance-annoyance, 
cutdown, eye o p e n e d — is a brief, psychometrically sound screen
ing approach to detect drinking in pregnant women (see Chapter
8, Table 8-2). Women with T-ACE scores of 2 and above (range 
0 to 5) require follow-up assessment.

Social pressure has increasingly contributed to underreporting 
of smoking by pregnant women, and multiple-choice questions 
are recommended to improve d is c lo s u re .F o r  drug use, the 
Drug Abuse Screening Test (DAST-10)233 focuses on drug use 
consequences in the prior year. Alternatively, the 4Ps Plus (Table 
55-2) was developed specifically to identify pregnant women at 
risk for prenatal use of alcohol, tobacco, and other drugs. The 
five-question screen takes less than 1 minute to complete: the 
first P  (Parents) asks about substance use in family members, 
the second (Partner) asks about partner substance use, and the 
third (Past) asks about prepregnancy  use of alcohol; questions 4 
and 5 (Pregnancy) focus on the month prior to pregnancy 
awareness— one asks about cigarette smoking, the other about 
alcohol consumption. Targeting the month prior to pregnancy 
is important because women often use substances at prepreg
nancy levels until the pregnancy is confirmed, and they stop after 
early first-trimester exposure has already occurred.

Pregnant women are often reluctant to disclose information 
about their drug use due to stigma, concern about being judged, 
or legal consequences. The practitioner’s emotional tone is 
critical because pregnant women are more likely to divulge 
substance use when asked by a nonjudgmental care pro
vider.228 Alternative to self-report assessments are biologic 
measures that screen for drug exposure. They include urine, 
meconium, and hair234; however, all have practical limitations.

Specific Drugs of Abuse: Impact and 
Treatment Approaches
Alcohol
Nearly 1 in 10 pregnant women (9.4%) report alcohol con
sumption in the past month, 2.3% meet criteria for binge drink
ing (consuming five or more standard drinks on the same 
occasion), and 0.4% meet criteria for heavy drinking (binge 
drinking on each of five or more days in the past month).“  ̂
These rates are lower than those found in nonpregnant women, 
half of whom report recent alcohol use. Nearly one fourth 
(24.6%) report recent binge drinking, and 5.3% meet criteria 
for heavy drinking.

Fetal exposure to alcohol is the most common prevent
able cause o f mental retardation.22 It also increases the risks
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Chapter 55 Mental Health and Behavioral Disorders in Pregnancy 1167

for miscarriage, stillbirth, and prematurity. Alcohol is a potent 
teratogen, and the most severe manifestation of in utero exposure 
is fetal alcohol syndrome (FAS; see Chapter 8). This diagnosis 
requires maternal alcohol consumption, facial malformations, 
prenatal or postnatal growth deficits, and lifelong neurodevel
opmental disabilities.235 Affected children have visual, skeletal, 
and cardiac anomalies. Recent studies estimate the prevalence 
of fetal alcohol syndrome to be between 0.2 and 7 per 1000  
children236 with an estimated cost o f over $4 billion annu
ally.2' More broadly, prenatal alcohol consumption can produce 
a wide range of birth defects and developmental disabilities, 
known as f e ta l  a lcoho l spectrum  disorders (FASDs). W ith U.S. 
prevalence between 2% and 5%,236 FASDs include a broad array 
of physical defects of the ocular, skeletal, cardiac, and other 
systems as well as cognitive, behavioral, and adaptive function
ing deficits.238

Although the negative consequences of heavy drinking during 
pregnancy—one drink or more per day—are well-known and 
include FAS and FASD,239 a meta-analysis also found adverse 
effects for m ild to moderate (one to six drinks per week) and 
binge drinking (greater than four or five drinks per occasion). 
Binge drinking during pregnancy was associated with childhood 
cognitive problems, and moderate drinking was associated with 
childhood behavior problems.2"*" A question women often ask 
is whether it is safe to have an occasional glass o f wine or a 
mixed drink while pregnant. No am ou n t, g e s t a t io n a l  t im e, o r  
t y p e  o f  a l c o h o l  u se is s a fe  d u r in g  p r e g n a n cy .  If alcohol use 
in pregnancy is identified, an early ultrasound to establish accu
rate gestational age dating is recommended. A detailed anatomic 
survey should be performed, and close monitoring for fetal 
growth restriction is also warranted.241

Research on alcohol intake and breastfeeding is limited. 
Approximately half of lactating women in Western countries 
report alcohol use.242 Alcohol levels in breast m ilk are similar to 
maternal blood concentrations; therefore the AAP recommends 
abstinence from alcohol during breastfeeding. If a breastfeed
ing woman chooses to drink, a practical approach is to counsel 
her to lim it intake to one drink and to wait 2 to 2.5 hours before 
breastfeeding to allow clearance of the alcoholic beverage from 
her plasma.243,244

MANAGEMENT OF ALCOHOL WITHDRAWAL
Alcohol withdrawal can lead to fetal distress, placental abrup
tion, and preterm delivery.241 In pregnant women, withdrawal 
typically begins 6 to 24 hours following cessation of alcohol 
intake. Early withdrawal signs include anxiety, sleep disturbance, 
vivid dreams, anorexia, nausea, and headache. Physical signs 
include tachycardia, elevated blood pressure, hyperactive reflexes, 
diaphoresis, hyperthermia, and tremor in the hands or tongue. 
The peak time for withdrawal seizures is 24 hours after the 
last drink and is preceded by hyperactive reflexes. Alcohol 
withdrawal may progress to delirium tremens, which can be 
fatal to both mother and fetus.241'

Medical withdrawal in an inpatient setting is required. 
Benzodiazepines are common detoxification agents. In a critical 
review,247 chlordiazepoxide and diazepam were considered the 
agents of choice for benzodiazepine treatment during pregnancy. 
These drugs have differing onset and duration of action and are 
available in an intravenous formulation. A typical fixed-dose 
taper starts with chlordiazepoxide (50 mg orally every 6 hours) 
or lorazepam (2 mg every 6 hours) with dose adjustment until 
symptoms are controlled. The dose is then tapered by 10% to

25% per day as tolerated. During inpatient care, folic acid and 
prenatal vitamins should be given daily. Acute management also 
requires thiamine replacement and maintenance of adequate 
hydration and electrolyte balance. Fetal well-being should be 
monitored.246 A patient can be discharged to outpatient treat
ment when benzodiazepine treatment is no longer required to 
control symptoms for over 24 hours.246

Treatment schedules for medical withdrawal may be fixed 
dose or symptom based, with severity of withdrawal measured 
by the revised Clinical Institute Withdrawal Assessment of 
Alcohol Scale.248 The withdrawal assessment takes only 2 to 5 
minutes to administer and is available online. Symptom-guided 
withdrawal generally results in more rapid detoxification and 
lower total doses of benzodiazepine treatment but requires 
trained staff for implementation. This is particularly relevant for 
pregnant alcohol-dependent women, in whom lower benzodiaz
epine doses may suffice due to changes in maternal alcohol 
metabolism rates.245,249

Like alcohol, withdrawal from benzodiazepines is associ
ated with significant morbidity and potential mortality if  
untreated. Women treated with benzodiazepine drugs that have 
a short half-life, such as alprazolam, are likely to develop with
drawal more rapidly than with agents with longer half-lives. 
Acute inpatient withdrawal is often accomplished by a fixed- 
dose drug taper with substitution of a long-acting benzodiaze
pine with dosing as needed to treat breakthrough symptoms. 
Once the patient has achieved a comfortable level of symptom 
control, the dose is tapered by 10% daily as tolerated. Disulfiram 
is contraindicated in pregnancy because of the association with 
birth defects.250

Smoking
National survey data225 showed that 15.4%  o f pregnant 
women reported smoking cigarettes. Whereas the overall rate 
of smoking for women in this age group has declined over 
the past 10 years, rates of prenatal smoking have remained 
unchanged.251 Adverse maternal outcomes of prenatal cigarette 
smoking include thromboembolic disease and respiratory com
plications. Adverse infant outcomes include spontaneous preg
nancy loss, PTB, restricted fetal growth, placenta previa, 
placental abruption, and premature rupture of membranes.252 In 
the United States, between 23%  and 34%  o f sudden infant 
death syndrome (SIDS) deaths are attributable to prenatal 
smoking.2’3 Infants exposed to secondhand smoke are also more 
likely to have respiratory tract and ear infections and SIDS. An 
estimated $122 million in health care costs for postpartum 
infant hospitalization can be ascribed to maternal smoking,254 
and smoking during pregnancy was associated with sleep prob
lems in offspring through age 12."5>

Women who quit smoking by the first trimester have infants 
with growth parameters comparable to those born to non- 
smokers.256 The Five A’s— Ask, Advise, Assess, Assist, and 
Arrange— is an ACOG-endorsed, evidence-based behav
ioral intervention often provided as part o f prenatal care. 
Trained providers spend 5 to 15 minutes at each prenatal 
visit counseling women who want to quit smoking. To facili
tate implementation, computer-delivered Five A’s-based brief 
interventions have been developed. Smoking “quitlines’ 
(1-800-QUIT-NOW) are effective in assisting pregnant women 
to stop smoking.258 Other evidence-based psychosocial strategies 
to promote prenatal smoking cessation include behavioral incen
tives, social support, and tailored self-help materials.226
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1168 Section VI Pregnancy and Coexisting Disease

Use of nicotine replacement therapy (NRT) in pregnancy 
remains controversial.259,260 Nicotine patch use in the second and 
third trimesters was not associated with maternal or fetal com
promise as assessed by using fetal heart rate patterns, amniotic 
fluid volume, umbilical blood flow, and birthweight."61 However, 
a recent RCT of nicotine versus placebo patch in pregnant 
smokers found no group differences in abstinence rates.262 Nev
ertheless, ACOG supports the use o f NRT when nonpharma
cologic therapies have proven ineffective.263 The antidepressant 
bupropion is efficacious for smoking cessation, but little research 
documents use in pregnant women. However, no increase in risk
was found for congenital malformations in bupropion-treated

264pregnant women.
Women who quit smoking in pregnancy tend to relapse 

within 1 year postpartum.265 Motivation to breastfeed is an 
opportunity to support continued cessation or reduction of 
smoking beyond that achieved during pregnancy. Although the 
AAP recommends that mothers quit smoking and not smoke 
around their infants, smoking is not contraindicated during 
breastfeeding.137 Nicotine replacement therapy with a patch can 
also be used with breastfeeding. The 21-mg patch transfers about 
as much nicotine into breast m ilk as smoking one pack of ciga
rettes per day, and the 14 and 7 mg patches transfer even less.266 
To decrease exposure, women can be encouraged to remove the 
patch at night.

Cannabis
Cannabis is the most commonly used illicit drug in pregnancy, 
with prevalence rates that range from 2.5% to 5%,225 267 and 
women often continue to use throughout their pregnancies.268 
Fewer studies of the impact of Cannabis during pregnancy have 
been conducted than for alcohol, tobacco, cocaine, and opiates. 
In many reports, prenatal Cannabis use is considered a confound
ing variable when looking at teratogenic effects of other drugs.269

Maternal risks of Cannabis smoking include carcinogenesis 
(such as oral cancers) and pulmonary disease. Although in utero 
C annab is exposure does not increase the risk for spontaneous 
abortion or congenital abnormalities, 112 1 it has been associ
ated with IUGR. C annabis-exposed infants have smaller head 
circumferences at birth than nonexposed infants, and this differ
ence becomes accentuated in adolescence.272 Neonatal effects of 
prenatal Cannabis use include exaggerated and prolonged startle 
reflexes, transient high-pitched cry, and sleep disturbances.2 3 In 
longitudinal studies, in utero Cannabis exposure had negative 
effects on academic achievement,274 intellectual development,275 
response inhibition,276 and delinquency.277 Cannabis-exposed  
children were also more likely to smoke both cigarettes and 
Cannabis than non -Cannabis exposed children.2' 8

Cannabis and its metabolites pass into breast milk, and con
centrations in m ilk can be substantively higher than those in 
maternal plasma.267 There is also some evidence that contin
ued use during lactation can impair first-year neurodevelop
ment in the infant,279 and its use by breastfeeding mothers 
is of concern and is thus contraindicated.280 As more states 
legalize medical Cannabis, prenatal use for treatment of neu
rogenic pain or pregnancy-associated hyperemesis will become 
more common.281 No safe threshold limits for C annab is  use 
have been determined, and prenatal use can have long-term 
negative effects.267 Little is known about prenatal exposure to 
medicinal Cannabis.

Data to direct counseling about Cannabis use during breast
feeding are limited. For women who use C annab is daily, the

AAP discourages breastfeeding.2̂ " Daily use results in high 
levels of Cannabis and its metabolites in breast m ilk and is 
associated with neurodevelopmental impairment in the first year 
of life.267,279 Women who report infrequent Cannabis use should 
refrain from use during breastfeeding.

Cocaine
Cocaine is a stimulant that can be inhaled, injected, or smoked. 
It crosses the placenta and the fetal blood-brain barrier. In the 
mid-1980s, prenatal use of cocaine received considerable media 
attention. Early studies reported catastrophic effects of prenatal 
cocaine exposure, and children born to cocaine-abusing mothers 
were often stigmatized at school and in the community.28' 283 
Subsequent studies either failed to replicate previous reports284 
or found that effects were due to co-occurring factors and envi
ronmental stressors that form the context in which cocaine 
addiction often occurs.

Women who use cocaine while pregnant are at increased risk 
for adrenergic crises that include coronary artery vasospasms and 
severe hypertension. Notably, p-blockade of these complications 
is contraindicated because it can lead to unopposed a-adrenergic 
stimulation. Fetal consequences o f maternal cocaine use 
include PTB, premature rupture o f membranes, placental 
abruption, and preeclampsia.285 286 Prenatal cocaine exposure 
is also associated with IUGR,28 LBW, and SGA. The rela
tionship between prenatal cocaine exposure and congenital 
defects is strongly affected by factors associated with cocaine 
use.288 In a large prospective blinded study of congenital anoma
lies in children exposed to cocaine prenatally, no consistent 
increase or pattern of birth defects was found.289

Pregnant cocaine users should be encouraged to stop and be 
referred for substance-abuse treatment. Acute cocaine intoxica
tion and withdrawal can be treated with supportive measures. 
Effective psychosocial and behavioral treatments have been 
developed for pregnant drug-dependent women.226'290 Com
munication between prenatal/postpartum care providers and 
substance-abuse treatment staff is central to the success of such 
efforts. The AAP considers cocaine use a contraindication to 
breastfeeding.291

Methamphetamine
Methamphetamine is a stimulant that results in increased alert
ness along with hypertension, confusion, decreased appetite, and 
weight loss.292 Prenatal methamphetamine use can produce vaso
constriction and restriction of nutrients and oxygen to the 
fetus.293 About 5% of American pregnant women have used 
methamphetamine.294 Research on methamphetamine-exposed 
pregnancies remains limited. Gorman and colleagues295 found 
that methamphetamine users were more likely than nonusers 
to experience gestational hypertension (OR, 1.8; CI, 1.6 to 
2.0), preeclampsia (OR, 2.7; CI, 2.4 to 3.0), intrauterine fetal 
death (OR, 5.1; CI, 3.7 to 7.2), and abruption (OR, 5.5; CI, 
4.9 to 6.3). They were also more likely to have PTB (OR, 2.9; 
2.7 to 3.1), neonatal death (OR, 3.1; CI, 2.3 to 4.2), and 
infant death (OR, 2.5; CI, 1.7 to 3.7). Children with in utero 
exposure to methamphetamine displayed greater cognitive 
problems at age 7.5 years than controls." h

As with other drugs of abuse, prenatal methamphetamine use 
occurs amid a variety of adverse comorbidities such as psychiat
ric disorders, other drug use, poor nutrition, lack of health care, 
and stressful life experiences.297 Comprehensive harm-reduction 
models of perinatal care contribute to improved birth outcomes.
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For acute methamphetamine intoxication, benzodiazepines and 
antipsychotic medications calm the agitated, combative, or psy
chotic patient. No medication is effective for treatment of meth
amphetamine withdrawal. The AAP291 lists amphetamines as 
contraindicated during breastfeeding.

Opioids
In the United States, prescription opioid use and misuse has 
increased dramatically. In a national survey, 4.5 million Ameri
cans reported past-month nonmedical use of prescription nar
cotics, and 1.9 million were diagnosed with opioid use disorder."'’5 
This escalation is also occurring in pregnant women. In the past 
decade, prescription opioid use in pregnancy has risen more than 
fourfold— from 1.2 to 5.6 cases per 1000 live births. Cases of 
neonatal abstinence syndrome (NAS) also more than doubled 
during this period, rising from 1.2 to 3.4 per 1000 hospital live 
births.298 In a study of pregnant women entering drug abuse 
treatment over a 20-year time span, the percentage o f opioid- 
dependent women who reported prescription narcotics as 
their drug o f choice rose from 2%  to 28%.

Opioid-dependent pregnant women who use illicit drugs 
have a sixfold increase in complications such as PTB, IUGR, 
fetal distress, meconium aspiration, and LBW.3011’301 Neonatal 
problems include NAS, neurobehavioral problems, and mor
tality with a 74-fold increase in risk for SIDS.

OPIOID AGONIST THERAPY
In a public policy statement, the American Society of Addiction 
Medicine recommended that pregnant opioid-dependent women 
be encouraged to initiate opioid agonist therapy (OAT) and 
continue it through delivery and postpartum. Women who were 
already receiving OAT prior to becoming pregnant should con
tinue because discontinuation increases the risk for relapse, and 
detoxification can precipitate fetal distress and comes with higher 
morbidity and mortality rates. If detoxification is initiated, it 
should be under medical supervision during the second trimester 
of pregnancy, when complications are less likely to occur.-"7

Since the 1970s, methadone has been the preferred treat
ment for opioid-dependent pregnant women (Box 55-4). 
Methadone is a long acting |i-opioid receptor agonist that pro
vides a steady concentration of opioid in the pregnant womans 
bloodstream. Methadone reduces drug craving and prevents 
negative fetal effects associated with repeated in utero with
drawal from heroin. Methadone maintenance also promotes 
better adherence to prenatal care and drug abuse counseling 
because visits can be scheduled to coincide with once-daily 
methadone dosing. However, methadone has direct effects on 
fetal neurobehavioral functions. The fetuses of women on 
methadone with uncomplicated pregnancies were evaluated at 
peak and trough methadone levels.302 At peak methadone levels, 
the fetal heart rate was slower, less variable, and displayed fewer 
accelerations. Fetuses displayed less motor activity, and the inte
gration between heart rate and motor activity was attenuated. 
Real-time ultrasound recordings at 34 to 37 weeks’ gestation 
were obtained from methadone-treated and untreated women. 
Both a slower rate and fewer fetal breathing movements were 
observed for the methadone-treated group regardless of time 
since the mothers’ daily dose.302

More recently, buprenorphine has been studied as an alterna
tive to methadone. As a partial |>opioid receptor agonist and 
K-receptor antagonist with a half-life of 24 to 60 hours, 
buprenorphine is effective in the treatment of opioid

BOX 55-4 INITIATION OF METHADONE MAINTENANCE 
TREATMENT IN PREGNANCY

• A m edical and substance abuse h is to ry  should be taken.
• Physical exam ination is used to  evaluate stigm ata of 

in travenous op io id  use (needle scars, ph leb itis, and skin 
abscesses).

• Laboratory tests: urine drug testing is used to  docum ent 
op io id  and o ther drug use. Serum  in fection screening 
and baseline live r function  can be used if hepatitis  C 
in fection is known.

• Q uantify  w ith d raw a l sym ptom s w ith  a standardized 
assessm ent such as the Clinical O pio id W ithdraw al Scale 
(COWS)320 available on line at http ://w w w .csam -asam .org/ 
pdf/m isc/CO W S_induction_flow_sheet.doc.

• Initia l dose o f m ethadone is 10 to  30 mg w ith  additiona l 
dosing o f 5 to  10 mg every 4 to  6 hours w h ile  patient is 
awake fo r breakthrough w ith d raw a l sym ptom s.

• T itra te dose up to  relieve w ith d raw a l sym ptom s fo r 24 
hours w ith  m in im al o r no craving.

• M ethadone has been associated w ith  rate-corrected QTc 
pro longa tion  and possible consequent cardiac 
a rrhythm ia ; review  personal and fa m ily  h is to ry  fo r risk 
factors and consider screening e lectrocard iogram  and 
fo llo w -u p  evaluation in co llabora tion  w ith  an ou tpatien t 
m ethadone clinic.

• W hen stable, d ischarge the patient to a m ethadone clin ic 
to  m on ito r subsequent dosing.

• Evaluate fo r  m ethadone d rug-d rug in teractions (tricyclic 
antidepressants, an tipsychotic  m edications, and certain 
antiem etics and an tib io tics are also associated w ith  
pro longed QT interval).

• As pregnancy progresses, the same m ethadone dosage 
produces low er b lood m ethadone levels, so h igher 
dosing m ay be required to  con tro l sym ptom s.

• A fte r b irth , m on ito r fo r signs o f overm edication and 
adjust dosing as needed.

dependence. Research with buprenorphine in pregnant women 
is limited, but it appears to have similar effectiveness to metha
done in the treatment of opioid use disorders in pregnancy. 
Neither methadone nor buprenorphine treatment are associated 
with increased risk of birth defects. Whereas induction might 
be easier with methadone than with buprenorphine, a random
ized trial of the two demonstrated a significant reduction in 
NAS severity for buprenorphine-exposed neonates.’"3 A 
meta-analysis showed equivalent maternal outcomes for metha
done and buprenorphine but improved outcomes for infants.304,305 
If buprenorphine is used in pregnancy, it should be prescribed 
without naloxone.

PRENATAL CARE
Obstetricians who provide care to pregnant women with opioid 
use disorder should emphasize several points. First, maternal 
and infant outcomes for women who receive OAT during 
pregnancy are better than those associated with continued 
prenatal use o f illicit opioids. Both methadone and buprenor
phine decrease opioid and other drug abuse, criminal activity, 
and rates of infection with hepatitis B and C, human immuno
deficiency virus (HIV), and sexually transmitted diseases. OAT 
is associated with lower relapse rates, reduced fetal exposure to 
illicit drug use, improved adherence to obstetric care, and 
enhanced neonatal outcomes.306 Second, for the majority of 
pregnant women who receive OAT, standard prenatal care is
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1170 Section VI Pregnancy and Coexisting Disease

adequate. Providing treatment in an environment where the 
woman feels safe and supported improves compliance.3" More 
intensive care should be reserved for cases where there is a 
medical indication for closer monitoring. Third, practitioners 
should inform women that the AAP2’'" supports breastfeeding 
for women receiving OAT regardless o f dose. On average, 
infants receive 2% to 3% of the weight-adjusted maternal meth
adone dose via breast milk. For mothers treated with OAT, 
breastfeeding is associated with lower infant treatment rates for 
NAS and shorter hospital stays.308'310

Methadone is metabolized by CYP2B6, CYP2C19, and 
CYP3A4. Clearance in pregnant women is increased, which 
results in increased dose requirements across pregnancy, and 
split dosing may be beneficial.311 Some women are concerned 
about increasing their dose and potential harm to the baby. 
Obstetricians can explain that the higher doses are needed to 
offset increased clearance related to the physical changes of preg
nancy. For mothers compliant with OAT, routine antenatal fetal 
surveillance is not required.312 However, if  relapse or polysub
stance use is suspected, fetal surveillance should be considered 
in the third trimester.

NEONATAL ABSTINENCE SYNDROME
Whereas 30%  to 80% o f infants exposed to opioids in utero 
require treatment for neonatal abstinence syndrome,31’ at 
this time we cannot predict which infants will require treat
ment. There is increasing evidence that genetic variability in the 
opioid receptor may play a role in who develops NAS.314 NAS 
is characterized by irritability, tremulousness, sweating, nasal 
stuffiness, poor suckling, diarrhea, vomiting, and seizures.311 The 
incidence of NAS is higher with methadone exposure than with 
shorter-acting opioids. NAS onset varies across different opioid 
drugs and can begin as early as 24 hours and as late as 14 days 
after delivery. Neither the incidence nor severity of NAS corre
lates with maternal methadone dose at delivery, and NAS can 
occur in infants born to mothers whose dose is as low as 10 mg 
per day316; therefore limiting methadone dose to minimize 
risk o f NAS is not warranted.

ACUTE PAIN MANAGEMENT FOR WOMEN ON OPIOID 
AGONIST THERAPY
Treatment of acute pain in labor and after delivery is a challenge 
for women on OAT. After verification of the daily dose, uninter
rupted full-dose maintenance treatment is imperative. Acute 
pain should be managed based on clinical evaluation because 
women who are opioid dependent are likely to need higher doses 
of narcotics for pain because of tolerance and hyperalgesia.317 
Labor epidural and combined spinal-epidural analgesia are 
effective,318 and studies suggest starting analgesia early in labor. 
Multimodal analgesia— nonsteroidal antiinflammatory drugs 
(NSAIDs), acetaminophen, and adjuvant drugs that enhance 
opioid effects, such as TCAs—may be coadministered. For 
women who require opioids for pain control, dose requirements 
may be 30% to 100% higher than routine dosing.319,320 Analge
sic dosing should be continuous or scheduled rather than as 
needed. Mixed agonist and antagonist opioid analgesics— such 
as pentazocine, nalbuphine, and butorphanol— should be 
avoided because they may displace the maintenance opioid from 
receptors and can precipitate acute opioid withdrawal. If metha
done or buprenorphine doses were increased antenatally, careful 
monitoring and consideration of a gradual postpartum dose 
reduction over 1 to 2 weeks should be considered.311

KEY POINTS

♦ Mental health is fundamental to health. To the extent 
that maternal biopsychosocial exposures with nega
tive impact on pregnancy outcomes can be dim in
ished, eliminated, or replaced with positive factors, 
the risk of poor pregnancy outcome can be reduced.

♦ Major depression is a treatable illness that is the 
leading cause of disease burden among girls and 
women worldwide. The period prevalence of depres
sion is 12.7% during pregnancy, and 7.5%  of women 
have a new (incident) episode.

♦ A brief and efficient 10-item self-report screening 
instrument, the Edinburgh Postnatal Depression 
Scale, is available to screen for perinatal depression. 
For clinical practice screening, the cutoff scores for 
probable major depression in postpartum women is 
13 or more; for pregnant women, it is 15 or more.

♦ Women with postpartum depression should be evalu
ated for bipolar disorder—which is characterized not 
only by depression but also by episodes of hypomania, 
mania, or mixed states—before prescribing antidepres
sant treatment, because antidepressants without a 
mood stabilizer can result in symptomatic worsening.

♦ The first-line medications for treatment of a depressed 
breastfeeding woman are sertraline, paroxetine, and 
nortriptyline; however, established efficacy of another 
drug in the individual woman must be considered in 
the selection of an appropriate medication.

♦ Abrupt discontinuation of any psychotropic medica
tion creates a higher risk for recurrence than does 
gradual tapering and discontinuation (over at least 2 
weeks).

♦ Postpartum psychosis is characterized by (1) rapid 
onset of hectic mood fluctuation, (2) marked cogni
tive impairment suggestive of delirium, (3) bizarre 
behavior, (4) insomnia, and (5) visual and auditory, 
and often unusual (tactile and olfactory), hallucina
tions. Women with acute-onset postpartum psychosis 
usually have bipolar disorder.

♦ The first-line treatment for anorexia nervosa is nor
malization of eating and weight restoration. Cogni
tive behavioral therapy is the first-line treatment for 
bulim ia nervosa. Antidepressant medications are the 
second line treatment for bulim ia nervosa, and they 
can also be useful adjuncts to CBT.

♦ Antipsychotic drug maintenance treatment and psy
chosocial support interventions aimed at maximizing 
function are the mainstays of treatment for 
schizophrenia.

♦ Concurrent maternal smoking, substance use, poor 
nutrition, and socioeconomic problems increase the 
risk for less optimal pregnancy outcomes.

♦ The perception of substance use disorders as afflic
tions solely of poor, minority, and young women is 
erroneous. Screening measures are available and easy 
to use, and multidisciplinary treatment intervention 
results in improved reproductive outcomes.
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recom m endation

Health care quality has been defined by the Institute of Medicine 
(IOM) as, “the degree to which health services for individuals 
and populations increase the likelihood of desired health out
comes and are consistent with current professional knowledge.”1 
Under the IOM framework, safety is part of the larger concept 
of health care quality.1 In this chapter, we will describe ways to 
enhance patient safety and to attempt to measure and achieve 
quality care in obstetrics.

PATIENT SAFETY 
Overview
Patient safety has become an increasing focus of the attention of 
the medical community. Although the reasons for the increased 
focus are doubtlessly multifactorial, one important contributor 
has been the recognition of the number of preventable adverse 
events that occur. The relatively high number of medical errors 
has been documented in the Institute of Medicine (IOM) report 
To Err is Human. That report, published in 1998, noted that 
between 44,000 and 98,000 people die in hospitals each year as 
the result of medical errors.2 This report, correspondingly, noted 
the importance of error reduction as a means to improved health 
care and patient outcomes.

Because obstetric admissions are the leading cause of hospi
talization for women in the United States, accounting for over 
4 million hospital discharges each year,3 pregnant women are at 
particular risk of encountering a medical error. Emphasizing the 
importance of obstetric safety further is the fact that each obstet
ric admission has the potential to affect the health not only of 
a single patient but of both a mother and her infant.

FREQUENCY OF PREVENTABLE OBSTETRIC 
ADVERSE EVENTS
Many studies that have sought to determine the frequency of 
preventable obstetric adverse events have used retrospective 
designs and studied in detail cases in which adverse outcomes 
have occurred. The overall frequency o f preventable adverse 
events on a given obstetric unit cannot be determined from 
these studies. This is particularly true given that adverse events, 
such as administration of a medication to which the patient is 
stated to be allergic, may occur that do not result in an actual 
adverse outcome (e.g., anaphylactic shock). However, these 
studies do give insight into the frequency with which that 
adverse outcome may have been preventable when such an 
outcome occurs.

Geller and colleagues4 analyzed cases of morbidity and mor
tality that occurred at their institution. These cases included 
those with severe and “near-miss” morbidity. It should be 
emphasized that so-called near-miss morbidity is not so named 
because a woman nearly misses having morbidity but because 
she nearly misses a mortal event.5 Thus in their framework, 
maternal morbidity has a spectrum of severity, and none is more 
severe than near-miss morbidity. In their study, morbid and 
mortal events were often found to be preventable, and a preven t
able ev en t was defined as one that could have been avoided by 
any action or inaction on the part of the health care provider 
(e.g., mismanagement of patients, failure or delay in diagnosis), 
the system (e.g., failure in communication), or the patient (e.g., 
noncompliance). Moreover, women who had the most adverse
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outcomes were more likely to have had preventable events: 16% 
of cases with severe morbidity were judged preventable versus 
46% of near-miss events and 41% of mortal events.

Berg and colleagues6 focused exclusively on maternal deaths 
that occurred in North Carolina. They studied the circumstances 
that surrounded the pregnancy-related deaths of 108 women 
between 1995 and 1999. Deaths were considered potentially 
preventable if (1) preconception care and counseling could have 
improved outcome; (2) the patient had not adhered to medical 
advice; (3) the structure and functioning of the health care 
system was suboptimal; or (4) clinical care was not satisfactory. 
In their study, 40% of deaths were considered to be preventable, 
although this frequency significantly differed on the basis of the 
primary underlying cause of death. For example, 93% of deaths 
related to hemorrhage, but only 22% of deaths related to car
diomyopathy, were thought to be preventable.

W hite and associates7 examined 90 cases that resulted in liti
gation and in which the claims had been closed. It should be 
noted that these cases included both gynecology and obstetrics 
cases, although the majority were related to obstetrics. In their 
study, 78% of these cases were thought to have a contributing 
factor that was potentially avoidable. Clark and colleagues8 also 
analyzed claims data and focused only on those claims related 
to perinatal care. Their findings were quite similar to those of 
W hite and associates; specifically, they noted that 70% of cases 
were potentially preventable and related to the care the patient 
received in the hospital.

Forster and coworkers9 did attempt to quantify the frequency 
of adverse events that occur on an obstetric unit through the use 
of a prospective study. These investigators placed an observer in 
the labor and delivery unit during the weekday hours of a 
6-week period. This observer was trained to ascertain poor 
patient outcomes, procedural errors, and unsafe working condi
tions. Cases of concern that were ascertained by the observer 
were then further evaluated by a multidisciplinary team. The 
primary outcome of the study was the occurrence of a “quality 
problem,” defined as the occurrence of either an adverse event— 
that is, an adverse outcome due to health care management, as 
opposed to progression of natural disease— or a potential adverse 
event (i.e., “defective processes that have a high likelihood of 
causing harm”). O f the over 400 patients who were cared for 
during the study period, 5% experienced a quality problem (i.e., 
2% had an adverse event and 3% had a potential adverse event). 
Sixty-six percent of the adverse events that occurred were judged 
to be due to errors in health care delivery.

FACTORS THAT CONTRIBUTE TO 
PREVENTABLE ADVERSE EVENTS
The literature that exists would suggest that multiple con
tributors are involved in the occurrence o f adverse obstetric 
events. Data from the Joint Commission, for example, illustrate 
the contributions that multiple factors make in the occurrence 
of major adverse maternal and perinatal outcomes. For example, 
their analysis of major maternal adverse events revealed multiple 
root causes that included lack of adequate communication, 
training, staffing, and patient assessment.10 Other investigators 
similarly have found that preventable adverse events or potential 
events cannot be traced to one simple and easily remediable 
cause but are multifactorial and due to a complex interplay of 
factors. Geller, W hite, Forster and their colleagues^' '9 all have 
demonstrated the many different factors present at both the

provider and systems level and that have contributed to adverse 
events.

Despite the many factors that have been implicated in 
the occurrence o f preventable adverse events, it is worth 
noting that communication and “systems” issues that tran
scend simple individual error have consistently been found 
to be predominant etiologies in the occurrence o f these 
events.1,7,9'11 Systems issues is a term that refers to problems that 
stem not from one individual’s actions but from the intercon
nected relationships of people and institutional policies. W ith  
regard to the sentinel events in maternal care analyzed by the 
Joint Commission, a communications issue was judged to be 
a root cause in over 80% o f cases.10 This frequency far out
stripped the next most frequent factors, competency and patient 
assessment, which were present in fewer than 40% of cases. In 
their review of closed claims, White and associates' noted that 
inadequate communication among providers was the single 
most common preventable factor associated with the claim. 
Similarly, in their prospective study, Forster and colleagues9 
noted that “systems” issues were the most common reason that 
their trained observer was alerted to further assess for the pos
sibility of a quality problem.

APPROACHES TO IMPROVE 
OBSTETRIC SAFETY
The previous discussion highlighting the different factors that 
contribute to patient safety suggests that efforts to improve safety 
may require multiple different approaches. The potential need 
for a multifaceted approach is further suggested by the different 
levels within an organization at which these factors can manifest. 
Specifically, key components required for the prevention of 
adverse events occur at (1) the individual level, such as the 
level o f education or training provided to workers; (2) the 
group level, as with team effectiveness and communication; 
and (3) the structural level, like the standardization o f pro
cesses within an organization.11 Correspondingly, attempts to 
enhance patient safety within obstetrics have utilized, in general, 
several different types of modalities. The theoretic underpinning 
to believe that these modalities should be effective— as well as 
the evidence supporting their use, with a focus on obstetrics— is 
discussed below.

Checklists and Protocols
Because o f the complexity o f health care processes and the 
corresponding potential for errors in communication, one 
approach to improve patient safety has been the introduction 
o f standardized approaches to patient care. These approaches 
have taken the form of protocols, mandatory items for comple
tion to lead the user to a predetermined outcome, and checklists, 
a list of action items or criteria arranged in a systematic manner 
that allow the user to record the presence or absence of the 
individual items listed to ensure that all are considered or com
pleted. Although both are concerned with standardization, 
checklists provide explicit lists of items, actions thought to act 
as a cognitive aid due to grouping related items in an organized 
fashion to improve recall performance.12

Pronovost and colleagues13 demonstrated the potential utility 
of checklists in their study regarding catheter-related blood
stream infections in the intensive care unit (ICU). In this study, 
checklists that detailed five key actions required during any 
central catheter placement were introduced in 108 ICUs
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throughout the state of Michigan. O f note, these key actions 
were evidence based; also, the checklists were not merely posted, 
they were supported by local leaders versed in the supporting 
evidence, who provided feedback with regard to optimal methods 
for implementation. Not only did the incidence of catheter- 
related bloodstream infections significantly decline by 3 months 
after implementation (incidence rate ratio, 0.62; 95% confi
dence interval [CI], 0.47 to 0.81), but this incidence continued 
to decline until 18 months (incidence rate ratio, 0.34; 95% CI, 
0.23 to 0.50) after implementation, which was the end point of 
data collection.

A checklist to guide the administration of oxytocin was devel
oped by Clark and associates,14 who then implemented this 
checklist in a private hospital setting. The outcomes of the 100 
women prior to checklist implementation were then compared 
with those of the 100 women who received oxytocin after the 
implementation. No difference was seen in the duration of labor, 
duration of oxytocin administration, or operative delivery after 
implementation, although the maximum dose of oxytocin used 
was significantly lower, as was the frequency of newborns with 
one or more complications {P = .049).

The potential benefits of a standardized approach to the evalu
ation and management of preeclampsia has been demonstrated 
by Menzies and colleagues.15 After establishing a set of best 
practices, this group of investigators introduced these practices 
for preeclampsia management at British Columbia Women’s 
Hospital. Among women with preeclampsia who were managed 
after the standardized approach was put into place, 0.7% expe
rienced the composite end point of maternal adverse outcomes, 
which was an 86% reduction compared with the preintervention 
frequency of 5.1% (P  < .001). Adverse perinatal outcomes were 
also reduced, although this finding did not reach statistical sig
nificance (odds [OR], 0.65; 95% CI, 0.37 to 1.16).

Nevertheless, a word of caution regarding checklists and pro
tocols is warranted: The mere existence of one of these on a unit 
cannot be assumed to automatically result in improved care. As 
demonstrated by Pronovost and associates,13 the presence of a 
checklist may enhance care when its components are evidence 
based and when its use is championed by members of the orga
nization. Moreover, it is ideal to demonstrate— using either tra
ditional scientific or quality improvement study designs— that 
its introduction is associated with improvement in the care 
provided or outcomes achieved.16 Conversely, checklists or pro
tocols can be present but still not translate into any tangible 
change in health care whatsoever. One set of investigators, for 
example, observed that the introduction of surgical safety check
lists in Ontario, Canada, was not associated with improvements 
in operative complications or mortality.1' Bailit and coworkers18 
have demonstrated a similar finding in obstetric care. In their 
analysis, obstetric units had similar outcomes related to postpar
tum hemorrhage or shoulder dystocia regardless of whether they 
had protocols for these events.

Simulation
Simulation refers to the recreation of an actual event that has 
previously occurred or could potentially occur.19 Simulation 
may be used to enhance patient safety in that an action or 
procedure can be repeated, thereby improving the execution 
o f that action or procedure without ever exposing providers 
or patients to harm. Essentially, simulation of events is an 
opportunity for health care workers to prepare and train for 
interventions. Although simulation may have benefits for any

type of obstetric procedure (e.g., vaginal delivery), it has often 
been studied in events such as shoulder dystocia and eclampsia. 
In these occurrences, simulation may be particularly helpful not 
only for the novice but even for experienced professionals, who 
can maintain their skills in managing unpredictable and uncom
mon events.

Shoulder Dystocia
Data from multiple studies suggest that simulation may 
enhance several aspects o f shoulder dystocia management, 
which includes communication among the team members, 
performance o f the maneuvers necessary to relieve this 
problem, and documentation o f the event. Moreover, these 
enhancements have been demonstrated for providers during 
both their residency training and postresidency experiences.

In a randomized trial, Deering and colleagues20 demonstrated 
that those residents who were assigned to train for a shoulder 
dystocia using an obstetric birth simulator were significantly 
more likely to utilize maneuvers in a timely and correct fashion 
in a subsequent simulation than those residents who did not 
undergo initial simulation training. Furthermore, when judged 
by a blinded observer, those residents who had undergone simu
lation training scored higher on measures of overall performance 
and preparedness.

A study that examined presimulation and postsimulation 
training outcomes among both residents and attending physi
cians was performed by Goffman and coworkers.21 In this study, 
participants underwent a simulation of a shoulder dystocia event 
followed by a debriefing that included (1) a brief lecture about 
shoulder dystocia, (2) a review of the basic maneuvers and a 
basic algorithm for management of shoulder dystocia, (3) a 
discussion on optimizing team performance during an obstetric 
emergency, (4) a review of the key components of documenta
tion, and (5) a review of the digital recording of the simulations 
and discussion of provider performance. During a second, unan
ticipated shoulder dystocia simulation, providers demonstrated 
significant improvements in communication, use of maneuvers, 
and overall performance.

Similar results were obtained by Crofts and colleagues22 
in their multicenter comparison of presimulation and post
simulation outcomes. This study additionally attempted to 
ascertain whether high-fidelity simulation using a mannequin 
with a high degree of biofidelity would enhance performance 
to a greater extent than low-fidelity simulation using a simple 
doll-like mannequin by randomizing participants to one of 
these options. Regardless of randomized group, performance 
during a simulated shoulder dystocia was improved subsequent 
to simulation training. Although some measures of perfor
mance (e.g., total applied force) were improved to a greater 
extent in those participants who had undergone high-fidelity 
training, many other measures (e.g., peak force, use of maneu
vers) were no different between the high- and low-fidelity 
groups. Improvement in performance of simulated shoulder dys
tocia events has been demonstrated to persist up to 12 months 
after training.23

The previous studies have examined outcomes during simula
tion events but have not demonstrated improvements in actual 
clinical outcomes related to simulation training. The few obser
vational studies of clinical outcomes that do exist, however, seem 
to support the assertion that exposure to simulation may improve 
outcomes related to shoulder dystocia. In one study at a single 
institution, investigators examined outcomes both before and
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after initiation of a shoulder dystocia training program that 
utilized training in and practice of obstetric maneuvers.24 After 
the training program, a significant increase was reported in the 
frequency with which appropriate maneuvers were used for 
shoulder dystocia, and a significant reduction was reported in 
neonatal injury at birth after shoulder dystocia (9.3% to 2.3%; 
relative risk [RR], 0.25; 95% CI, 0.11 to 0.57). Grobman and 
associates25 also used simulation to help train providers to 
respond to a shoulder dystocia. They did not simulate specific 
maneuvers but instead emphasized the coordinated response 
and communication of the team once a shoulder dystocia 
was diagnosed. After simulation was used in this way, the fre
quency of brachial plexus palsy at discharge among neonates 
who had experienced a shoulder dystocia dropped from 7.6% 
to 1.3% {P = .04).

Eclampsia
Studies that have evaluated simulation training for eclamptic 
seizure management have demonstrated improvements in 
response as measured during additional simulations. For
example, after having staff in a single tertiary care center partici
pate in simulated eclamptic events with a debriefing session, 
Thompson and colleagues26 found that patient resuscitations in 
posttraining simulation of eclampsia were better managed. O f 
note, these simulations occurred in the actual delivery unit, as 
opposed to a separate simulation laboratory, and these research
ers used their initial simulations not only for training but also 
for elucidating site-specific barriers to an optimal response (e.g., 
an inefficient paging system). This ability of simulation to iden
tify systems-level barriers to best practice has been noted by 
others as well.27

Ellis and colleagues28 also examined pretraining and posttrain
ing outcomes during eclampsia simulations. In their study, train
ing was associated with an increase in the appropriate and timely 
completion of desired tasks (e.g., magnesium sulfate administra
tion). Of note, although all participants underwent simulation 
training, they also were randomized to different training sites 
(i.e., simulation center vs. hospital unit) and to inclusion of 
teamwork training in their educational process. Neither site nor 
supplementary teamwork education was associated with addi
tional improvement.

Other Obstetric Events
Other obstetric events that have been examined in the con
text of simulation include breech delivery, postpartum hemor
rhage, and cord prolapse. In one study focused on breech 
delivery, after undergoing a simulation of an imminent term 
vaginal breech, residents took part in a training session with the 
simulator on the proper techniques for vaginal breech delivery."’ 
After this training, residents repeated the standardized simula
tion. Simulations both before and after training were videotaped 
and judged by an investigator who was blinded to training 
status. Scores for skill and safety were significantly greater for 
residents who participated in the simulated breech delivery after 
the training. W ith regard to postpartum hemorrhage, Toledo 
and colleagues30 used simulated examples of blood loss volumes 
to improve care providers’ accuracy with regard to blood loss 
estimation.

Siassakos and colleagues31 assessed whether clinical outcomes 
associated with cord prolapse improved after introduction of an 
obstetric emergency training program that included cord pro
lapse drills. They found that after these drills, a significant

reduction was reported in diagnosis-to-delivery interval (25 to 
14.5 minutes, P<  .001), although no significant difference was 
found in low Apgar scores or rate of admission to the neonatal 
intensive care unit (NICU).

Draycott and coinvestigators32 also examined clinical out
comes after introduction of a training session that included fetal 
heart tracing education and drills in shoulder dystocia, postpar
tum hemorrhage, eclampsia, twin deliveries, breech deliveries, 
adult resuscitation (including cardiopulmonary resuscitation), 
and neonatal resuscitation. After this training, the frequency of 
hypoxic-ischemic encephalopathy (HIE) decreased by approxi
mately half at their institution (27.3 to 13.6 per 10,000 births, 
P  ~ .03). This decrease did not seem to be related to other pre
existing trends in the frequency of HIE or to changes in the 
population during the period of study.

Enhancement of Communication
Rather than focus on simulation of specific obstetric events, 
some investigators have emphasized improvement of commu
nication processes and teamwork in general. One approach to 
this is through the establishment o f a specific team trained to 
function and be engaged specifically at the time o f obstetric 
emergencies. One institution, for example, created a “Condi
tion O” team, according to the precepts outlined for rapid- 
response systems,33 including (1) case detection that triggers 
a medical crisis team response, (2) a medical crisis team 
response available at all times, (3) an evaluation and process 
improvement system, and (4) an administrative structure to 
support the system. After implementation of this system, the 
investigators reported several quality improvement interventions 
that were able to be introduced due to case reviews associated 
with “Condition O” being invoked, although improvements in 
particular outcomes were not yet demonstrated.

A different approach, in contrast to the one above, is the 
training for and implementation of standardized communica
tion processes throughout a unit or institution. One often-cited 
approach to this type o f intervention is crew resource man
agement (CRM). This training began— and has continued—  
in the airline industry, where it was noted that accidents were 
primarily related to lack o f coordination and poor team
work.33 CRM seeks to engender effective communication 
through standardized language, situational awareness, brief
ing and debriefing, and a leveling o f hierarchy that allows all 
team members to voice concerns over safety. Some evidence 
from both observational longitudinal studies and randomized 
trials suggests that communication training can improve team
work and communication among providers.34'3’

In one longitudinal observationi study,36 the introduction of 
a CRM  course at a single institution was noted to be associated 
with a reduction in high-severity “lawsuits, claims, and observa
tions” (i.e., when the insurance carrier reserves money) by 62%. 
However, in the one randomized trial that was performed—and 
in which this CRM  course, the MedTeams Labor and Delivery 
Team Coordination Course, was evaluated— investigators 
reported that institutions randomized to the intervention were 
no more likely to reduce the primary measure of obstetric 
adverse outcomes (mean adverse outcome index) than institu
tions that received no intervention at all.3

Multifaceted Approaches
Some have asserted that the complexity o f obstetric care is 
such that improvements in safety will come not through the
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use o f one particular intervention but with a multifaceted 
approach that ultimately results in a fundamental culture 
change within an institution. Correspondence with principles 
of high-reliability organizations have helped to guide some of 
these efforts. Longitudinal observational studies have suggested 
that the introduction of such programs is associated with 
outcome improvements. Examples of such programs have been 
reported by several organizations:
Catholic Healthcare Partners (CHP)38 instituted a program at

16 sites that included interdisciplinary education, routine 
medical record reviews to monitor ongoing adherence to 
appropriate practice, and standardization of forms to encour
age adherence with best practices. After introduction of this 
program, birth trauma rates decreased from 5.0 to 0.17 per 
1000 births, and the number of adverse obstetric occurrences 
(specified birth-related event or injury that might lead to a 
claim) decreased by 65%, from 7.2 to 2.5 per 1000 births. 

Seton Family Hospitals59 began a program at four sites that 
included standardization of forms and care processes, intro
duction of routine communication processes such as situ
ation, background, assessment, recommendation (SBAR); 
active surveillance of adverse outcomes with temporally 
proximate feedback; and interdisciplinary obstetric crisis 
simulation with high-fidelity mannequins. Subsequent to the 
introduction of this program, birth injury rates declined from 
a 2-year average of 0.3% to 0.08%, and the average length 
of stay for infants admitted to the NICU for birth injury 
declined by 80%.

Yale-New Haven Hospital40 obstetric department began a 
program ol outside expert review of adverse events, anony
mous event reporting, protocol standardization, creation of a 
patient safety nurse position and patient safety committee, 
and training in team skills and fetal heart monitoring inter
pretation. Introduction of this program was associated with a 
significant reduction (P — .01) in their outcome of choice, the 
mean quarterly adverse outcome index. They have reported 
that medical liability claims and payments also have been 
reduced subsequent to the introduction of this program.-*1 

Hospital Corporation of America (HCA)42 instituted a program 
that included standardized processes, active peer review and 
feedback, and the empowerment of any member of the health 
care team to halt care considered possibly dangerous. Subse
quent to this program’s initiation, a significant reduction was 
seen (P  < .001) in the number of professional liability claims 
per 10,000 deliveries.

Summary
It seems clear that at least some of the adverse outcomes that 
occur in obstetrics are preventable and that the root causes of 
these preventable events, although multiple, often involve com
munication and teamwork. Theory supports various approaches 
to error reduction, many of which have been used in obstetrics. 
Whereas some but not all studies have documented improve
ments in outcomes related to patient safety initiatives, these 
studies have been predominantly observational and have 
used different outcomes—such as provider satisfaction and 
perception, demonstration o f skill acquisition in simulated 
scenarios, actual care processes, and actual patient outcomes—  
to assess improvement. Further work is necessary to understand 
the best combination of practices and practice methodologies 
(e.g., simulation on site versus simulation in a laboratory) that 
most effectively improve care.

MEASUREMENT OF OBSTETRIC 
QUALITY OF CARE
Measurement is required to understand whether safe care is 
being provided and whether changes in approaches to patient 
safety are actually improving the quality of care. Examples of 
pa tien t safety measures are rates of retained surgical sponge or 
wrong site surgery. A quality measure assesses the degree to which 
maternal and neonatal care is optimized. The following section 
details different approaches to measurement that have been used 
in an effort to optimize obstetric care.

Overview
M any types of stakeholders have an interest in quality obstetric 
care. Patients, doctors, and insurers desire high obstetric quality 
at an affordable cost. However, each of these groups may per
ceive quality differently. Patients want to feel that their doctors 
are caring individuals who produce good outcomes. Doctors 
want to ensure the best possible outcomes for patients but also, 
regardless of outcome, they need to be sure they are using best 
practices. Insurers want to know that the care given is cost effec
tive. Each of these groups wants and needs access to quality 
measures that reflect their own interests. Thus one of the first 
steps in measuring quality is to understand who will use the 
measure and how it will be used.

Quality Measures
The three major categories o f quality measures are (1) struc
tural, (2) outcome, and (3) process.43 Structural measures
assume that if  the hospital contains quality components, the 
product (medical care) will also be of high quality. Examples of 
structural measures include board certification, physician licen
sure, and hospital accreditation. Structural measures are appeal
ing because they are easy to measure and reproduce; however, 
whereas structural measures may reflect that optimal structures 
are present, these measures do not guarantee that the different 
components of the hospital w ill work well together.

Outcome measures, as indicated by their name, reflect 
patient outcomes. An example of an outcome measure would 
be the frequency of maternal mortality or neonatal hypoglyce
mia. Because obstetricians generally treat healthy women, 
adverse outcomes in obstetrics are relatively uncommon. 
Consequently, the usefulness o f many outcome measures, 
such as maternal mortality, may be limited because most 
hospitals have few or none o f these outcomes to measure. 
Furthermore, if  outcomes measures are to be maximally useful 
and reflective of the actual care provided at a given institution, 
they need to reflect outcomes that the institution can actually 
affect and should be risk-adjusted to account for differences 
in patients that could materially affect the outcome of interest. 
For example, although “preterm birth” is an adverse outcome, 
“frequency of preterm birth” may not be a good measure to 
reflect patient quality given the lack of useful interventions 
to prevent this adverse outcome. Also, a comparison of hospi
tals according to their frequency of peripartum hysterectomies 
may not reflect comparative quality of care if  one hospital is 
much more likely to care for women with abnormal placenta
tion. One recent investigation has demonstrated that for several 
adverse obstetric outcomes— severe postpartum hemorrhage, 
peripartum infection, severe perineal laceration, and a com
posite adverse neonatal outcome— differences in the character
istics of the patients who are admitted for delivery to different
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hospitals may materially affect how a hospital is judged to be 
performing relative to other hospitals with regard to these out
comes.44 Lastly, outcomes measures may pose distinct challenges 
in obstetrics, when outcomes of two patients— the mother and 
the baby— occur. Thus, whereas a hospital may have compara
tively good maternal outcomes, it also may have comparatively 
poor neonatal outcomes, and examination of only one of these
sets of outcomes would not fully convey the quality of the care

44environment.
P ro ce ss  m ea su re s  reflect practices that physicians or hospitals 

actually use in their care of patients. An example of a process 
measure is the frequency with which known group B Streptococ
cus (GBS)—positive women receive appropriate antibiotics. If a 
process measure were to conceivably be an adequate reflection 
of patient safety, there should be evidence that the process 
is related to improved outcomes. The most central advantage 
of a process measure is that it gives direct insight into desired 
actions within the health care system. Correspondingly, these 
measures give immediate insight into the processes that need 
to be attended to in order to enhance patient care. Conversely, 
one of the disadvantages of process measures is that outcomes 
are often due to the interplay of many different factors and 
processes, and improvements in these measures may give false 
reassurance that improvements in quality of care have been fully 
realized. Draycott and colleagues45 have voiced concern that too 
great a dependence on process measures may obscure the fact 
that “improvements” in care are not translating to improve
ment in outcomes. Recent analyses in obstetrics have illustrated 
this point. Grobman and associates46 studied care processes and 
outcomes of over 115,000 women at 25 different hospitals but 
could not demonstrate that differences in the care provided at 
the hospitals could account for variation in adverse outcomes 
that were seen. Similarly, Howell and colleagues studied the 
frequency of cesarean and elective delivery at less than 39 weeks 
gestation among hospitals in New York, but they could find no 
relationship between how hospitals performed on these measures 
and the frequency of maternal or neonatal morbidity.

W ith these considerations in mind, several criteria should be 
considered in determining whether a measure is a good one. For 
example, a good measure should (1) balance maternal and neo
natal outcomes— that is, it should not reflect improved care for 
one member of the mother-child dyad while embodying mark
edly worse care for the other; (2) have the potential to be altered 
by behaviors within the health care system of interest; (3) be 
affordable and applicable for use on a larger scale; (4) be accept
able to stakeholders as a meaningful marker of quality; and (5) 
be reliable and reproducible.43

Attempts to Establish Quality Measures
Because measuring the quality of care is a seminal step in both 
improving patient safety and achieving quality care, many 
attempts have been made by a multitude of different organiza
tions to determine quality measures in obstetrics. This chapter 
will not comprehensively review all current quality measures; 
rather it will present some examples of measures to illustrate the 
strengths and weaknesses of different choices. The examples will 
include traditional measures as well as those more recently 
suggested.

Traditional Measures
The more traditional measures often have been raw frequencies 
of selected adverse outcomes. One example of this type of

measure is maternal mortality. It has been used because it is 
clearly a profoundly bad outcome, and little potential exists for 
misascertainment. However, in the modern era within devel
oped countries, maternal mortality is so relatively uncommon 
that it is difficult to use within a hospital or health care system 
to reflect quality of health care. Most hospitals will have no 
maternal mortality even over many years, and few hospitals will 
have a sufficient number of cases to enable them to use this 
measure to track their adequacy of care delivery. Furthermore, 
the absence of this outcome does not mandate that quality care 
is being provided; lack of quality care may still exist, and short 
of death, poor outcomes may still be obtained. This does not 
mean that any maternal mortality should not be fully investi
gated as a critical part of quality assurance and improvement 
efforts, only that maternal mortality is unlikely to be useful as a 
quality marker for intrainstitutional quality tracking and inter- 
institutional comparisons. Alternatively, in an effort to obtain 
an outcome measure that still could be used to identify signifi
cant adverse maternal events but is more common than maternal 
mortality, Callaghan and others48 have advocated that a measure 
of “severe maternal morbidity be adopted. This outcome, rede
fined as the occurrence of an ICU admission or transfusion of 
at least 4 units of packed red blood cells, occurs nearly 50 times 
more frequently than maternal mortality.1’4 ’ 50

Neonatal mortality also has been used as a marker of obstetric 
quality, although it may be problematic as a marker for obstetric 
quality for several reasons. First, when a neonate dies, it is 
unclear to what extent obstetric care, pediatric care, or both may 
have contributed. Secondly, a large proportion of neonatal mor
tality is due to prematurity and lethal birth defects, neither of 
which can be materially affected by obstetric care.’ 1 Thus the 
residual fraction of obstetric-related neonatal mortality is rela
tively small, and once again, it may be so uncommon as to lim it 
its use for evaluation of trends or institutional comparisons.

The cesarean delivery rate has been a common measure used 
to reflect obstetric quality of care. Whereas debate continues 
about whether cesarean delivery is a process measure or an 
outcome measure, it is regardless a flawed measure. First, due to 
perinatal regionalization, women with greater obstetric compli
cations are concentrated at hospitals best suited to providing 
specialized care. Thus a comparison of cesarean delivery rates 
among hospitals without accounting for the differences in 
patient populations may be misleading. Hospitals with the 
highest cesarean delivery rates may be giving quality care but 
have high rates due to their patient population. Conversely, a 
hospital may be giving poor care and may have an average rate 
of cesarean delivery, when in fact the cesarean delivery rate 
should be much lower for their low-risk population.

Newer Approaches to Measures
Although the use of “raw” cesarean delivery rates to measure 
quality is not ideal, cesarean delivery rates are appealing as a 
measure because cesarean delivery is an outcome that is easy to 
ascertain, and it is meaningful to multiple stakeholders. One 
approach to try and account for population differences among 
institutions is to calculate and use a risk-adjusted cesarean 
delivery rate as a measure. Many different techniques for risk- 
adjustment for cesarean delivery, as well as other obstet
ric outcomes, have been described. ~ Fundamentally, risk 
adjustment creates a model that predicts what the cesarean 
delivery rate should be for the particular patient popula
tion and allows comparison with the actual rate. By taking
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account of differences such as parity, plurality, and comorbidities 
among populations, risk-adjustment seeks to reflect differences 
in outcomes related to the health care system rather than the 
patients who access it.

Risk-adjustment can be used for any outcome but requires 
formal statistical testing and assessment to demonstrate whether 
it attains the intended goal of accounting for relevant patient 
characteristics that contribute to the outcome of interest. For 
example, a series of risk-adjustment models have been developed 
and tested for several adverse obstetric outcomes, including 
severe postpartum hemorrhage, peripartum infection, third- and 
fourth-degree lacerations, and a composite adverse neonatal 
outcome.’4

Another approach to determining an outcome measure 
that is dependent upon the health care system, rather than 
the differences in patient populations, is to determine an 
outcome frequency for a more homogeneous group rather 
than for all women who receive care. Main and coworkers58 
have suggested, for example, the use of a cesarean delivery rate 
measure that only assesses women who are nulliparous with a 
term singleton vertex (NTSV) fetal presentation. Using data 
from the Sutter Health Care network of 20 birthing units, in 
which more than 40,000 women deliver each year, these 
researchers determined age-adjusted NTSV cesarean rates and 
found that 53% of the variation in these rates was associated 
with differences in frequency of labor induction and early admis
sion in labor. This finding suggests that some health care prac
tices are associated with the NTSV cesarean rate, and the 
disadvantage of using this rate is that it excludes women having 
preterm deliveries or who are multiparous.

One process measure that has recently gained attention is 
scheduled elective delivery prior to 39 weeks o f gestation. 
This measure has gained popularity as the risks of early-term 
birth have become better known.’9,60 This process measure has 
the advantage of being fully under the control of the health care 
system and does not require risk adjustment. Part of what makes 
this measure appealing is that it can be calculated from the 
International Classification of Diseases (edition 9, ICD-9) 
administrative data, which is already collected and available in 
hospitals. Nevertheless, one potential difficulty with this measure 
is the lack of consensus for several indications as to whether they 
are indeed elective. Also, some have noted that ICD-9 data are 
not as accurate and complete as data from the medical records 
and may not provide an accurate assessment. However, a study 
by Clark and colleagues61 showed that even when ICD-9 data 
are used, the majority of cases found to be in violation of a policy 
against delivery prior to 39 weeks of gestation were true cases of 
non-medically indicated delivery. Only a minority of cases were 
due to abstractor error or poor documentation.

The frequency with which antenatal corticosteroids are 
administered to infants who are delivered at less than 34  
weeks is another process measure that has become widely 
used. This process measure is appealing because of data that 
show antenatal corticosteroids improve outcomes for prema
ture infants. Nevertheless, this measure does have its disadvan
tages. Ascertainment of steroid administration can be difficult, 
especially in a health care setting without electronic medical 
records (EMRs). Steroids given during the pregnancy, but not 
during the delivery hospitalization, are time intensive to ascer
tain because inpatient and outpatient records may need to be 
reviewed. And whereas 100% administration is the goal, it is 
not possible to administer corticosteroids to all women prior

to premature delivery due to late patient arrival or emergent 
circumstances, such as a maternal trauma.

The frequency o f neonates who weigh less than 1500 g 
born outside a tertiary care center is one recently suggested 
process measure that is appealing because it may reflect ade
quacy o f coordination o f an entire health care system. 
Although data show that very-low-birthweight neonates have 
worse outcomes when delivered outside a tertiary care center, 
many incentives may work against delivery at such a location.62'64 
This measure is easy to calculate from birth certificates, and the 
items from the birth certificate that are needed to calculate the 
measure are reliable.42

The quality measures discussed thus far have represented inpa
tient care. Outpatient quality measures do exist, although 
they are often process measures. An example of such a measure 
is the frequency with which pregnant women receive human 
immunodeficiency virus (HIV) screening early in their antepar
tum care. One difficulty with these measures has to do with 
accurate ascertainment, because prenatal care happens in many 
different settings, and outpatient medical records data are often 
not in electronic form. Furthermore, whereas hospitals are 
required to generate administrative data that can be helpful for 
measuring inpatient quality, outpatient clinics are not required 
to generate the same kinds of data, and so they do not.

Data Sources
Administrative data, collected primarily for billing or nonmedi
cal purposes, is a rich source of information. Administrative data 
have the advantages of being complete for the population and 
relatively cheap to use. Unfortunately, administrative data 
often lack the clinical detail needed to make meaningful 
quality judgments.61’ Paper-based medical records contain clini
cal detail but are hard to obtain in a uniform manner for a 
population and are expensive to collect.

Increasingly, EMRs have been used to provide the basis for 
quality measures. These data are easy to collect within an institu
tion and have clinical detail. However, because many different 
types of EMR systems exist, collating medical records informa
tion from many sources can be time intensive. EMRs have the 
advantage o f being able to link outpatient and inpatient 
information, something that is very difficult to do with 
administrative data or paper-based medical records. The 
types of information that are available from EMRs will increase 
and improve with time, and there is hope that eventually vital 
statistics records will be based on actual medical records, rather 
than on data extraction, thereby making birth certificate data a 
richer, more accurate source of medical data.

Quality Improvement
The main point of measuring quality of care is to use the 
measurement tools to improve care. Quality measurement 
tools allow stakeholders to assess the effects of changes in the 
system. There are many ways to accomplish improved quality 
o f care with measurement, but one o f the most effective is 
benchmarking.6 Benchmarking, also known as audit and 
feedback, is a technique whereby quality is measured, com
pared with like entities, and then shared back with the 
participants, often in a blinded manner. For example, NTSV 
rates for all the hospitals in a city would be calculated. Each 
hospital would then receive a graph showing their rate 
(unblinded) compared with the rates of all the other hospitals 
(blinded) in the city.
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One example of this technique being used was in the Ohio 
Perinatal Quality Collaborative (OPQC).68 This group of 20 
hospitals in Ohio came together to share data and compare 
techniques on how to lower the frequency of scheduled deliveries 
prior to 39 weeks without documentation of a medical indica
tion. Each hospital collected data on scheduled deliveries from 
360/7 to 38s/7 weeks in its own institution and submitted the data 
to a central location for data collation. This data center then 
created reports that showed each hospital their own rate com
pared with the rates of all the other hospitals. Each hospital took 
that information and designed their own program to lower their 
own frequency. M onthly phone calls allowed hospitals to share 
their designs and progress. At the initiation of the project, 25% 
of scheduled deliveries between 36 and 386/7 weeks did not have 
a documented medical indication; this frequency was lowered 
to less than 5% (P  < -05) after a year. It was estimated that 
approximately 1000 births were moved from between 360/ and 
386/7 to over 39 weeks in the state of Ohio during the 12 months 
of this effort.

In addition to the collaborative in Ohio, many other quality 
collaboratives exist across the country.69 Some are voluntary 
and others require a fee for participation for the member hos
pitals. A well-established quality collaborative is the Califor
nia Maternal Quality Care Collaborative (CM Q CC [online at 
www.cmqcc.org]). In addition to being a resource for members 
to interact and share data, many quality care collaboratives— 
including the OPQC and the CM Q CC— offer toolkits that 
allow nonparticipating hospitals to benefit from their quality 
benchmarks and materials that describe what they have learned 
by providing data collection tools.

These collaboratives, as well as others, may help to provide 
insight into the most effective approaches to improving obstetric 
care. Clark and a group of investigators at Hospital Corporation 
of America (HCA)70 compared three methods of implementing 
change in a labor and delivery unit in an effort to decrease the 
frequency of elective deliveries prior to 39 weeks. They com
pared (1) a hard-stop approach, in which physicians were not 
allowed to schedule deliveries prior to 39 weeks without a 
medical indication; (2) a soft-stop approach, in which physicians 
were allowed to schedule deliveries prior to 39 weeks but were 
told there would be a peer review process to assess whether elec
tive deliveries prior to 39 weeks were occurring; and (3) an 
education-only approach, in which physicians were educated 
about relevant issues but no other changes were made. The 
results of this study showed that both the hard- and soft-stop 
approaches were associated with changed behavior, whereas the 
educational approach was not at all effective. Furthermore, the 
hard-stop strategy was twice as effective as the soft-stop approach.

KEY POINTS

♦ A proportion of adverse obstetric events have been 
shown to be preventable; this proportion varies with the 
clinical circumstances.

♦ Although multiple factors have been associated with 
the occurrence of adverse obstetric events, issues with 
communication have been implicated as a frequent 
contributor.

♦ Specific approaches that have been considered to 
enhance obstetric patient safety include checklists and 
protocols, simulation, and teamwork training.

♦ Further investigation is required to understand what 
approaches and combinations of approaches most 
improve clinical care and outcomes.

♦ Quality measures assess the degree to which maternal 
and neonatal care is optimized.

♦ Major categories of quality measures include structural, 
process, and outcome measures.
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Society has great expectations that modern medical technologies 
will improve longevity and the quality of human life, and 
nowhere are these expectations higher than in the practice of 
obstetrics and the desire and expectation of having a healthy 
child. Along with the rapidly expanding capabilities in diagnosis 
and treatment, physicians find themselves facing numerous 
ethical dilemmas while practicing in a legal and social climate 
in which malpractice suits can threaten even the most competent 
and conscientious practitioner.

'Deceased.

We cannot address in a single chapter the wide variety of 
ethical and legal controversies that face contemporary obstetric 
practice and research. Instead, we focus on selected topics of 
particular relevance to the practicing obstetrician.

REPRODUCTIVE LIBERTY
Although only about one in four pregnancies ends in elective 
abortion, abortion has been the most controversial and polit
ical medical procedure in the United States for the past four 
decades. The political debate over abortion has shifted among 
various dichotomous views of the world: life versus choice, fetus 
versus woman, fetus versus baby, constitutional rights versus 
states’ rights, government versus physician, and physician and 
patient versus state legislature. In 2010, the abortion debate 
came close to derailing the Affordable Care Act, and in 2014, 
the U.S. Supreme Court ruled that corporations could have 
religious beliefs and that these beliefs could permit them not 
to include some birth control methods (that the corporation 
inaccurately thought induced abortion) in the health insurance 
plans o f their female employees. Because the 1973 U.S. 
Supreme Court opinion on Roe v. Wade remains so central to 
the law (and ethics) regarding the physician-patient relationship, 
as well as federal financing and regulation of clinical medicine 
and research and of health care insurance itself, it is essential 
that obstetricians have a clear understanding o f Roe and its 
enduring influence on patient rights— especially reproduc
tive liberty, medical practice, and politics.1

Hundreds of statutes— including relatively new ones that 
require ultrasound images of the fetus be made available to 
pregnant women before abortion, suggesting that 20-week-old 
fetuses feel pain, and requiring that abortion clinics have ready 
access to hospital emergency departments— and almost two 
dozen Supreme Court decisions on abortion later, the core legal 
aspects of Roe v. Wade,1 the most controversial health-related 
decision ever made by the Court, remain substantially the same 
as in 1973. Attempts to overturn Roe in both the courtroom and 
the legislature have failed, although they continue. Pregnant 
women still have a constitutional right to abortion because 
the fetus is still not a person under the Constitution. States 
still cannot make abortion a crime, either for the woman or the
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physician, before the fetus becomes viable with the exception of 
the use of a specific procedure labeled “partial-birth abortion” 
by Congress. States still can outlaw abortion after the fetus 
becomes viable, but only if  there is an exception that permits 
abortion to protect the life or health of the pregnant woman. 
Also, states still can impose restrictions on abortion before fetal 
viability only if  those restrictions do not create an “undue 
burden” on the pregnant woman, understood as a substantial 
obstacle that might actually prevent a pregnant woman’s obtain
ing an abortion.

The first case to embrace the concept of reproductive liberty 
was Griswold v. Connecticut, in which the Court ruled in 1965 
that a Connecticut statute criminalizing the use of contracep
tives violated the constitutional right to privacy that married 
couples had in sexual relations.3 Later, in 1972, the Court found 
that even outside marriage, a person had a “right to privacy .. . 
to be free from unwarranted governmental intrusion into matters 
so fundamentally affecting a person as the decision to bear or 
beget a child.”4 The following year, in Roe, the Court struck 
down a Texas law that made it a crime for physicians to perform 
an abortion unless it was necessary to save the life of the patient; 
there were no exceptions for the woman’s health. The Court 
held that women have a constitutional right o f privacy that 
is fundamental and broad enough to encompass a woman’s 
decision ... to terminate her pregnancy.”2 Because the right is 
fundamental, states that wished to restrict abortion rights were 
required to demonstrate a compelling interest to restrict the 
exercise of this right. The Court ruled that the state’s interest in 
the life of the fetus became compelling only at the point of 
viability, defined as the point at which the fetus can survive 
independently of its mother. Even after the point of viability, 
the state cannot favor the life of the fetus over the life or health 
of the pregnant woman. Under the right of privacy, physicians 
must be free to use their “medical judgment for the preservation 
of the life or health of the mother.”2 On the same day that the 
Court decided Roe, it also decided Doe v. Bolton ,5 in which the 
Court defined health very broadly: “The medical judgment may 
be exercised in the light of all factors—physical, emotional, 
psychological, familial, and the woman’s age— relevant to the 
well-being of the patient. All these factors may relate to health. 
This allows the attending physician the room he needs to make 
his best medical judgment.”5

Roe and Doe together established that both physician and 
patient were protected by the constitutional right of privacy. In 
later cases, the Court continued to defer to the medical judg
ment of the attending physician. For example, in P lanned Par
en thood  o f  Central M issouri v. Danforth  in 1976, the Court 
concluded that state legislatures could not determine when 
viability occurred; rather this “essentially medical concept .. . is, 
and must be, a matter for the judgment of the responsible 
attending physician. 6 This remains the case today; even as via
bility in general moves earlier in the pregnancy, it is not up 
to legislatures or courts to determine when an individual fetus 
is viable by drawing a line based on the age of the fetus— 
the viability o f a specific fetus remains a matter o f medical 
judgment to be determined by the attending physicians in 
a manner consistent with good and accepted obstetric 
practice.

By the end o f the 1980s, a pattern in Court decisions 
could be discerned in which abortion regulations that 
(1) significantly burdened a woman’s decision; (2) treated 
abortion differently from other, similar medical or surgical

procedures; (3) interfered with the exercise o f professional 
judgment by the attending physician; or (4) were stricter 
than accepted medical standards were struck down by the 
Court. Privacy as a constitutional right became a one-word 
description of liberty to make decisions regarding marriage, 
procreation, contraception, sterilization, abortion, family rela
tionships, child rearing, and sexual relationships free of govern
mental interference.

One strategy to change Roe was to change the composi
tion of the Supreme Court by appointing anti-Roe justices. 
Because of new justices on the Court in 1992, in P lanned  
Parenthood o f  Southeastern Pennsylvania v. Casey, the Court had 
its first real opportunity to overturn Roe v. Wade. M any Court 
observers thought it would. Instead, in an unusual procedure 
for the Court, three potentially anti-Roe justices— Sandra Day 
O ’Connor, David Souter, and Anthony Kennedy—joined 
together to write a jo int opinion confirming the “core holding” 
of Roe. They were joined in most of their opinion by two 
justices, Harry Blackmun and John Paul Stevens, who would 
have simply upheld Roe, making this a 5-to-4 decision. Most 
centrally, the authors of the joint opinion believed that although 
the pressure to overrule Roe had grown “more intense,” doing so 
would severely and unnecessarily damage the Court’s legitimacy 
by undermining “the Nation’s commitment to the rule of law.”8 
Specifically, the three justices wrote that they were reaffirm
ing "Roes essential holding” that before the point of viability, 
a woman has a right to choose abortion without undue state 
interference, and that after the point of viability, the state can 
restrict abortion if  the law contains exceptions for pregnan
cies which endanger the woman’s life or health,” and that “the 
state has legitimate interests from the outset o f the pregnancy 
in protecting the health of the woman and the life of the fetus 
that may become a child. The Court applied these principles 
to uphold laws that mandate much more detailed requirements 
for abortion, as well as a mandatory 24-hour waiting period, 
but it struck down a spousal-notification requirement as an 
“undue burden.”

Thus, after Casey, R oe  stood for the proposition that preg
nant women have a “personal liberty” right— “privacy” went 
unmentioned— to choose to terminate their pregnancies 
before the point o f viability and that the state cannot “unduly 
burden” such a right by erecting barriers that effectively 
prevent the exercise o f that choice.9 O f course, a major problem 
was definitional: burdensome regulations were acceptable, 
“unduly burdensome” ones were not; but it was not clear what 
qualified as which. Put another way, the state could demonstrate 
its concern for fetal life by requiring that physicians make 
women seeking abortions jump through new and burdensome 
hoops— including offers of detailed and accurate information on 
abortion, the status of the fetus, adoption, sources of help for 
childbirth, and a 24-hour waiting period— as long as doing so 
did not unduly burden” women by actually preventing them 
from being able to make a decision to have an abortion.

W ith the loss of a realistic expectation in 1992 that the Court 
would overrule Roe wholesale without significant changes in the 
Court’s membership, anti-R oe  advocates switched strategies 
dramatically, focusing on criminalizing a specific procedure 
that they believed would horrify most Americans and that 
they labeled “partial-birth abortion.” The first such bill passed 
Congress in 1996 and was vetoed by President Bill Clinton 
because the prohibition did not contain an exception for the 
health of the woman, as required by Roe and Casey. In 1997,
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this time with the support of the American Medical Association, 
the bill passed Congress again. President Clinton vetoed it, again 
for failure to contain a health exception.10

Proponents of the ban took their cause to the individual 
states, most of which enacted substantially identical laws. In 
2000, Nebraska’s partial-birth abortion law reached the Supreme 
Court. The Nebraska law carried a penalty of up to 20 years in 
prison for physicians who performed the procedure. The law 
reads in relevant part:

No partia l-b irth  abortion shall be perform ed in  this state, unless 
such a procedure is necessary to save the life o f  the m other whose 
life is endangered by a physical disorder, physical illness, or physi
cal in ju ry, in clud ing a life-endangering physical condition  caused 
by or arising from the pregnancy itself.

[A “partia l-b irth  abortion” is] an  abortion procedure in  which 
the person perform ing the abortion p artia lly  delivers vag inally  a 
liv ing unborn ch ild  before k illin g  the unborn ch ild  and com plet
in g  the delivery. . . .  [The statute further defines the phrase “par
tia lly  delivers vag inally a liv ing unborn ch ild  before k illin g  the 
unborn  ch ild” as] deliberately and  in ten tionally  delivering into 
the vag ina a liv in g  unborn ch ild , or a substantial portion thereof, 
for the purpose o f perform ing a procedure that the person per
form ing such procedure knows w ill k ill the unborn ch ild  and does 
k ill the unborn child .

This ban applied throughout pregnancy and had no exception 
to protect the woman’s health, only to save her life. In a 5-to-4 
opinion in Stenberg v. C a rh a r t f the Court found this law 
unconstitutional for two reasons. First, the description of the 
banned procedure was too similar to dilation and evacuation 
(D&E), another procedure that was permitted by the law and 
widely used for second-trimester abortions. Therefore this law 
would discourage physicians from using the lawful procedure, 
which would place an undue burden on their patients. Second, 
the law failed to provide an exception for instances in which the 
procedure was deemed necessary by the physician to protect the 
woman’s health, as required by Roe and Casey. Justice John Paul 
Stevens, in his concurring opinion, noted that the extreme anti- 
Roe rhetoric as exemplified in the partial-birth abortion debate 
obscured the fact that during the 27-year period since Roe was 
decided, the core holding of Roe “has been endorsed by all but
4 of the 17 Justices who have addressed the issue.”

A notable dissenting opinion was written by Justice Kennedy, 
who had specifically endorsed the core of Roe in Casey. Kennedy 
argued that the outlawing of “partial-birth abortion” was con
sistent with Casey because of the interest the state has through
out pregnancy in protecting the life of the fetus that may become 
a child. In his view, the banned procedure conflates abortion 
and childbirth in a way that “might cause the medical profession 
or society as a whole to become insensitive, even disdainful, to 
life, including life of the human fetus.” He also argued that such 
a ban was not unduly burdensome to women because state 
legislatures can determine that specific medical procedures, like 
this one, are not medically necessary.11

Justice Stephen Breyer, the author of the Stenberg majority 
opinion, stated that a more precise law, with a health exception, 
could be constitutional.11 In 2003, Congress passed a slightly 
revised law. It did not contain a health exception, but its preface 
did contain a declaration that the outlawed procedure was never 
medically necessary for the health of the woman. President 
Bush signed it into law on November 5, 2003. By the time the 
Court ruled on the constitutionality of this law in April 2007, 
in Gonzales v. Car hart,11 two important changes had occurred

in the composition of the Court: a new chief justice, John 
Roberts, replaced the consistently anti-Roe Chief Justice W illiam  
Rehnquist; and Justice Samuel AJito replaced Justice Sandra Day 
O ’Connor, who was consistently pro-Roe (as interpreted by the 
joint opinion in Casey). The federal law provides that:

(a) A ny physician  who, in  or affecting interstate or foreign com 
merce, know ingly performs a partia l b irth  abortion and thereby 
kills a hum an fetus shall be fined under this title  or im prisoned 
not more than 2 years, or both. This subsection does not apply 
to a partial b irth  abortion that is n e ce s sa ry  to  s a v e  th e  l i f e  o f  a  
m o th e r  whose life is endangered by a physical disorder, physical 
illness, or physical in jury, in clud ing  a life-endangering physical 
condition caused by or arising from the pregnancy itself. . . .

(b) (1) The term  “partia l-b irth” abortion means an abortion in 
which the person perform ing the abortion

(A) D elib e ra t e ly  a n d  in t e n t io n a l ly  vag inally  delivers a liv ing 
fetus un til, in the case o f a head-first presentation, the e n t i r e  f e t a l  
h e a d  is o u t s id e  the body o f the m other, or, in  the case o f breech 
presentation, a n y  p a r t  o f  t h e  f e t a l  tru n k  p a s t  th e  n a v e l  is o u ts id e  
the body o f the mother, for the purpose o f perform ing an overt 
act that the person knows w ill k ill the partia lly  delivered liv ing 
fetus; and

(B) Performs the overt act, other than com pletion o f delivery, 
that kills the p artia lly  delivered liv ing fetus [emphasis added].

The Court decided, 5 to 4, that this new law was constitu
tional.12 Justice Kennedy wrote the majority opinion for himself 
and for Justices Antonin Scalia, Clarence Thomas, and the two 
new justices. In it he substantially adopts his dissenting opinion 
in Stenberg as the Court’s new majority opinion. Although he 
concludes that his decision is consistent with Stenberg, all three 
U.S. District courts and all three Courts of Appeal that had 
examined this federal law found it unconstitutional under the 
principles in Casey and Stenberg, primarily because of the vague
ness of the definition and the lack of a health exception. As to 
the vagueness argument, Kennedy writes that the new law is no 
longer vague because it clarifies the distinction between the 
prohibited procedure, which he calls “intact D&E, and stan
dard D&E abortions because the former requires the delivery of 
an intact fetus, whereas the latter requires “the removal of fetal 
parts that are ripped from the fetus as they are pulled through 
the cervix.” In addition, the new federal law specifies fetal land
marks (e.g., the “navel”) instead of the vague description of a 
“substantial portion” of the “unborn child.”

Because the law applies to fetuses both before and after the 
point of viability, Kennedy concedes that under Casey the law 
would be unconstitutional “if its purpose or effect is to place a 
substantial obstacle in the path of a woman seeking an abortion 
before the fetus attains viability.” Kennedy finds Congress s 
purpose is twofold: first, lawmakers wanted to “express respect 
for the dignity of human life’ by outlawing a method of abor
tion in which a fetus is killed just inches before completion of 
the birth process,” because use of this procedure “will further 
coarsen society to the humanity of not only newborns, but of 
all vulnerable and innocent human life. . . . ” Second, Congress 
wanted to protect medical ethics, finding that this procedure 
“confuses the medical, legal, and ethical duties of physicians to 
preserve and promote life. . . . ”

The key to Kennedy’s legal analysis is his conclusion that these 
reasons are constitutionally sufficient to justify the ban because 
under Casey, “the State, from the inception of pregnancy, main
tains its own regulatory interest in protecting the life of the fetus 
that may become a child [and this interest] cannot be set at
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naught by interpreting Caseys requirement of a health exception 
so it becomes tantamount to allowing the doctor to choose the 
abortion method he or she might prefer.” Kennedy then goes on 
to write that “respect for human life finds an ultimate expression 
in the bond of love the mother has for her child,” and that “while 
no reliable data” exist on the subject, “it seems unexceptionable 
to conclude some women come to regret their choice to abort 
the infant life they once created and sustained. .. . Severe depres
sion and loss of esteem can follow.” Such regret, Justice Kennedy 
believes, can be caused or exacerbated if  women later learn what 
the procedure entails, suggesting that physicians fail to describe 
it to patients because they “may prefer not to disclose precise 
details of the means [of abortion] that will be used. . . . ”

The final, critical issue is whether the prohibition would “ever 
impose significant health risks on women” and whether physi
cians or Congress should make this determination. Kennedy 
picks Congress: “The law need not give abortion doctors unfet
tered choice in the course of their medical practice, nor should 
it elevate their status above other physicians in the medical com
munity . . . .  Medical uncertainty does not foreclose the exercise 
of legislative power in the abortion context any more than it 
does in other contexts.” Furthermore, Kennedy argues, the law 
does not impose an “undue burden” on women for another 
reason: alternative ways of killing a fetus have not been prohib
ited. In his words, “If the intact D&E procedure is truly neces
sary in some circumstances, it appears likely an injection that 
kills the fetus is an alternative under the Act that allows the 
doctor to perform the procedure.”12

Writing for the four justices in the minority, Justice Ruth 
Bader Ginsburg, the only woman justice on the Court at the 
time, observes, “Today’s decision is alarming. It refuses to take 
Casey and Stenberg seriously. It tolerates, indeed applauds, federal 
intervention to ban nationwide a procedure found necessary and 
proper in certain cases by the American College of Obstetricians 
[and Gynecologists] (ACOG). It blurs the line, firmly drawn 
in Casey, between previability and postviability abortions. And, 
for the first time since Roe, the Court blesses a prohibition with 
no exception safeguarding a woman’s health.” Ginsburg argues 
that the majority of the Court has overruled the conclusion in 
Stenberg that a health exception is required when “substantial 
medical authority supports the proposition that banning a par
ticular abortion procedure could endanger women’s health. . . . ” 
This conclusion, bolstered by evidence presented by nine profes
sional organizations, including the ACOG, and conclusions by 
all three U.S. District Courts that heard evidence concerning 
the Act and its effects, directly contradicted the congressio
nal declaration that “there is no credible medical evidence that 
partial-birth abortions are safe or are safer than other abor
tion procedures.” Even Justice Kennedy agreed that Congress’s 
finding was untenable.

Justice Ginsburg concludes that this leaves only “flimsy and 
transparent justifications” for upholding the ban. She rejects 
those justifications, arguing that the state’s interest in “preserving 
and promoting fetal life” cannot be furthered by a ban that 
targets only a method of abortion and that cannot save “a single 
fetus from destruction” by its own terms but may put women’s 
health at risk. Ultimately, she believes that the decision rests 
entirely on the proposition, never before enshrined in a majority 
opinion and explicitly repudiated in Casey, that “ethical and 
moral concerns” unrelated to the government’s interest in “pre
serving life” can overcome what had been considered fundamen
tal rights of citizens. The majority seeks to bolster its conclusion

by describing pregnant women as in a fragile emotional state 
that physicians may take advantage of by withholding informa
tion about abortion procedures. Justice Ginsburg concludes that 
the majority’s solution to this hypothetical problem is to “deprive 
women of the right to make an autonomous choice, even at the 
expense of their safety.” She continues, “This way of thinking 
[that men must protect women by restricting their choices] 
reflects ancient notions about women’s place in the family and 
under the Constitution— ideas that have long since been dis
credited.” Ginsburg further notes that the majority simply 
cannot contain its hostility to reproductive rights as articulated 
in Roe and Casey, calling physicians “abortion doctors,” describ
ing the fetus as an “unborn child” and as a “baby,” labeling 
second-trimester abortions as “late term,” and dismissing “the 
reasoned medical judgments of highly trained doctors . . .  as 
‘preferences’ motivated by ‘mere convenience.’”12

The major change in the law this opinion signals is the 
new willingness o f Congress and the Court to discount the 
health o f pregnant women and the medical judgment o f their 
physicians.13 This departure from precedent was made possible 
by categorizing physicians as unprincipled “abortion doctors” 
and infantilizing pregnant women as incapable of making serious 
decisions about their lives and health. The majority opinion 
ignores or marginalizes long-standing principles of constitu
tional law and substitutes the personal morality of Justice 
Kennedy and four of his colleagues.

The majority asserts that giving Congress constitutional 
authority to regulate medical practice is not new but identifies 
no case in which Congress had ever outlawed a medical proce
dure. Its reliance on the more than 100-year-old case of Jacobson  
v. Massachusetts is especially inapt.14 Jacobson  was about manda
tory smallpox vaccination during an epidemic, refusal of which 
was punishable by a fine. The statute had an exception for “chil
dren who present a certificate, signed by a registered physician, 
that they are unfit subjects for vaccination,” and the Court 
implied that a similar medical exception would be constitution
ally required for adults. It is not just abortion regulations that 
have had a health exception for physicians and their patients— 
all health regulations have.15

On the other hand, those who expect R oe  to be overturned 
by this Court may be disappointed. Although Justice Alito has 
replaced Justice O ’Connor and is likely to vote in the opposite 
direction on ^of-related issues, Justice Kennedy is the new swing 
vote on the Court, and he insists that he is upholding the prin
ciples of Roe v. Wade as reaffirmed in Casey. Just as the question 
of whether a specific abortion regulation was an “undue burden” 
was once a determination Justice O’Connor could effectively 
make for the Court, the meaning of Roe v. Wade is, at least for 
now, up to Justice Kennedy. The replacement of two pro-Roe 
justices, Souter and Stevens, with Sonia Sotomayor and Elena 
Kagan in the Obama administration has made no change in this 
balance. Nonetheless, there are now three women justices on the 
Court, and this fact alone will make the Court take women’s 
rights more seriously.

ABORTION POLITICS AND "OBAMACARE"1617
President Barack Obama made it clear during the great debate 
on health insurance reform that he did not want abortion poli
tics to sabotage his legislation. In his September 10, 2009 speech 
about health insurance reform to a joint session of Congress, he 
said, “Under our plan, no federal dollars w ill be used to fund
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abortions.” Nonetheless, the centrality o f abortion in U.S. 
politics made it inevitable that abortion funding would play 
a major role in determining whether there was any health 
insurance reform law at all. Ihe debate revolved around the 
Stupak amendment in the House of Representatives, which 
provided that “No funds authorized or appropriated by this Act 
. . .  may be used to p a y  f o r  any abortion or to c o v i f  any p a r t  o f  the 
costs o f  any health p lan  that includes coverage o f  abortion, except 
in the case where a woman suffers from a physical disorder, 
physical injury, or physical illness that would, as certified by a 
physician, place the woman in danger of death unless an abor
tion is performed, including a life-endangering physical condi
tion caused by or arising from the pregnancy itself, or unless the 
pregnancy is the result of rape or incest” (italics added). The 
House passed this amendment by a vote of 240 to 194, with 64 
Democrats voting in favor (the House health care bill itself 
passed 220 to 215). M any thought that the Catholic bishops 
who lobbied fervently for passage of the Stupak amendment 
were the most influential in supporting it. More influential, 
however, was the previously secret fundamentalist Christian 
political leadership group known alternately as the Family or 
the Fellowship, which includes among its members both of 
the amendment’s main sponsors, Bart Stupak (D-MI) and Joe 
Pitts (R-PA).16

The Stupak amendment was defended as merely continuing 
the practice created by the Hyde amendment, named after the 
late Congressman Henry Hyde (R-IL) and attached to every 
Health and Human Services Appropriations Act passed since 
1976; the Hyde amendment has also been added to appropria
tions legislation for the Defense Department, the Indian Health 
Service, and federal employees’ health insurance plans. The 
Hyde amendment prohibits the use o f federal funding for 
“any abortion” or for any “health benefits coverage that 
includes abortion” unless the pregnancy is the result o f “rape 
or incest” or “would, as certified by a physician, place the 
woman in danger o f death unless an abortion is performed.” 
Under the Hyde amendment, states may use their own funds to 
finance abortion services through their Medicaid programs, and
17 states currently do so.

The U.S. Supreme Court has ruled on the constitutionality 
of lim iting government funding for abortion twice. The first 
case, in 1977, involved a Connecticut regulation that limited 
state Medicaid funding to “medically necessary” abortions, thus 
excluding those not necessary to preserve a woman’s life or 
health. The Court ruled that women have a constitutional right 
to choose to have an abortion, but the state has no obligation 
to pay for the exercise of this right and may constitutionally 
encourage women to continue their pregnancies to term by 
providing funding for childbirth and not abortion. The state 
may not constitutionally create obstacles to abortion, but it has 
no obligation to remove obstacles not of its own making, such 
as poverty.

Three years after the Connecticut decision, the Court upheld 
the Hyde amendment, which prohibited federal funding for 
medically necessary abortions. Under this ruling, even low- 
income women who would have devastating health outcomes 
i f  they continued a pregnancy could not have an abortion 
paid for by Medicaid. In both cases, the Court ruled that the 
government could make “a value judgment favoring childbirth 
over abortion and [implement] that judgment by the allocation 
of public funds.” Because the federal government did not make 
the women poor, and because poverty was their obstacle, no

constitutional requirement exists for the federal government to 
fund any abortion. Federal funding is a political question to be 
decided by Congress.

The U.S. Senate bill on health insurance reform, which 
Majority Leader Harry Reid (D-NV) created by blending bills 
from two committees, did not contain the Stupak amendment 
but specifically excluded federal funding for abortions as prohib
ited by any federal law— including the Hyde amendment— in 
effect “6 months before the beginning of the plan year involved.” 
States must also ensure that “no federal funds pay or defray 
the cost” of abortion services in new health plans that cover 
abortion.

Three major questions were raised about the differences 
between the House and Senate approaches: Did they fulfill 
Obama’s no-federal-funding promise? Did they follow the Hyde 
amendment “tradition”? And did they represent good health 
insurance policy? As for the first question, the Senate version 
fulfilled the President’s promise by requiring abortion funding to 
come from sources other than federal tax dollars. This aspect of 
the provision was denigrated as a “bookkeeping trick, but even 
federal employees who pay for abortions with their government 
salaries are using funds that came from federal tax dollars. As for 
the second question, the Stupak amendment goes far beyond the 
Hyde amendment by prohibiting the use of federal tax dollars 
not only for abortion itself but also for any health plan available 
on the proposed exchanges that covers abortion. The goal is to 
lim it access to abortion even when no federal funds are being 
used for it. The third question relates to public health policy. The 
Hyde amendment institutionalizes the moral view of some 
members of Congress that even medically necessary abortions 
should not be considered health care. After the Democrats lost 
Ted Kennedy’s Senate seat in a special election in Massachusetts— 
and with it, the 60 votes needed to end a filibuster— the bill 
previously passed by the Senate became the vehicle for health 
insurance reform, and a budget “reconciliation” measure (requir
ing only 51 votes for Senate passage), negotiated by Democratic 
House and Senate leaders, was used to make modifications to the 
Senate bill to make it acceptable to the House.

Because the Stupak-Pitts abortion language was not in the 
Senate bill, it was uncertain whether the 216 House votes needed 
for passage could be found. Stupak himself ultimately agreed 
to vote for the Senate bill as long as President Obama signed 
an executive order agreeing not to use any aspect o f the leg
islation to fund abortions. The bill ultimately passed 219 to 
212, which suggests that the votes of Stupak and his colleagues 
were essential. President Barack Obama signed the executive 
order on March 24 at a private White House event.

Two abortion-related battles followed: the first directly 
involved the Affordable Care Act (ACA) and its contraception 
coverage, the second involved research on human embryos. 
We deal with the ACA controversy first. The ACA’s goal is to 
make comprehensive health insurance available to all Americans. 
For women, this includes the provision of contraception. Under 
Health and Human Services (HHS)-promulgated regulations, 
insurance coverage must include 20 specific contraceptives as 
recommended by an Institute of Medicine (IOM) panel. Two 
corporations objected to providing four of these contraceptives, 
two types of intrauterine devices (IUDs) and the emergency con
traceptives Plan B (levonorgestrel) and Ella (ulipristal) to their 
employees because they believed they could induce abortion.

When it got to the U.S. Supreme Court,18 the case was based 
not on the Constitution but on a federal statute, the 1993
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Religious Freedom Restoration Act (RFRA), which states that 
“government shall not substantially burden a person’s exercise of 
religion even if the burden results from a rule of general appli
cability [unless it] is in furtherance of a compelling governmen
tal interest and is the least restrictive means of furthering that 
.. . interest.” For RFRA to be relevant, the term “person” must 
include for-profit corporations. Corporations are legal fictions 
created entirely by law to protect the interests of real people, 
including the shareholders and officers of the corporation. 
Nonetheless, and surprisingly (at least to us), the Court deter
mined that for-profit corporations were persons under the Act 
and thus could have religious views that the state had to respect.

This left only two remaining legal issues: first, does the state 
have a compelling interest in covering all 20 contraceptives, and 
second, is the method of requiring that they be included in 
employer-provided health insurance policies the “least restrictive 
means” to do this? The Court quickly answered the first question 
yes and moved on to the question of least restrictive means, to 
which it answered no, because the government could accom
modate corporations with religious views by granting them an 
exemption and creating an alternative funding mechanism for 
the four contraceptives in dispute. This conclusion got five votes 
but did not satisfy any of the Court’s three women justices. For 
them and Justice Stephen Breyer, Justice Ruth Bader Ginsburg 
wrote a stinging dissent, noting that the “ability to control their 
reproductive lives” is central to the ability of women to gain 
equality in “the economic and social life of the Nation.” She also 
noted that although the majority tried to confine its reasoning 
to four of the 20 FDA-approved contraceptives, “the Court’s 
reasoning appears to permit commercial enterprises .. . to 
exclude from their group health plans all forms of contracep
tives.” This she added was “a substantial burden on women, 
especially those earning low wages.”

In terms of health care, the reaction o f the ACOG to the 
opinion seems just about right to us: “This decision inap
propriately allows employers to interfere in women’s health 
care decisions ... which should be made by a woman and her 
doctor, based on the patient’s needs and her current health.” 
The ACOG went on to underline that contraceptives and family 
planning are mainstream medical care and should be treated as 
such. In their words, “access to contraception is essential 
women’s health care.”

HUMAN EMBRYONIC STEM CELL 
RESEARCH FUNDING1920
Embryo research was born political. Expressions of shock and 
surprise at the 2010 ruling of Federal District Court Judge Royce 
Lamberth that enjoined federal funding of stem cell research, 
which was based largely on his reading of an amendment to 
an appropriations bill, were thus not terribly persuasive. The 
amendment, known as the D ickey-W icker am endm en t, pro
vides that no federal funds can be expended by the National 
Institutes o f Health (NIH) for “1) the creation o f a human 
embryo or embryos for research purposes; or 2) research in 
which a human embryo or embryos are destroyed, discarded, 
or knowingly subjected to risks o f injury or death.” The 
creation and destruction of human embryos for research are 
deeply tied not only to political and religious debates concerning 
abortion but also to assisted reproductive technology (ART). In 
1979, during the Carter administration, the Ethics Advisory 
Board of the Department of Health, Education, and Welfare

(forerunner of the Department of Health and Human Services) 
recommended that the government support research on embryos 
in order to study and improve ART. Federal research funding 
was never authorized, and in vitro fertilization (IVF) was intro
duced into clinical medicine without a research phase. The 
Reagan administration dissolved the ethics board and ignored 
its recommendations. The issue was next taken up during the 
Clinton administration by an NIH Human Embryo Research 
Panel, which voted on 27 goals of embryo research and recom
mended seven of these as “acceptable for federal funding” but 
failed to produce a credible ethical justification for its recom
mendations, which were widely ignored.21 Congress, however, 
responded to the report, and in 1996, President Clinton signed 
the first appropriations bill containing the Dickey-Wicker 
amendment, named for its sponsors, Representatives Jay Dickey 
(R-AR) and Roger Wicker (R-MS). It has been added to NIH 
appropriations bills every subsequent year, just as the Hyde 
Amendment restricting abortion funding is added.

The derivation of stem cells from embryos involves destroying 
the embryo. In 2001, President George W. Bush authorized 
federal funding for human embryonic stem cell (ESC) research 
but limited it to cell lines that had been derived before his 
August 9, 2001 speech— and specifically to cell lines from 
surplus IVF embryos used with the consent of the couple whose 
egg and sperm were used to create them. No one challenged this 
policy as a violation of Dickey-Wicker, perhaps because, as Bush 
said, the “life and death decision” for these embryos had already 
been made.

President Barack Obama was well aware that federal funding 
of ESC research represents a political flash point, but he had 
promised to rescind the Bush policy, and expanded federal 
funding of ESC research is widely supported. W hen Obama 
announced his new policy to authorize funding for cell lines 
derived after August 2001, if  derived from surplus IVF embryos 
without the use of federal funds, he knew he could be reawaken
ing the funding debate. He expressed his hope that “Congress 
w ill act on a bipartisan basis to provide further support for this 
research.”

Congress did not act. Instead, the debate shifted to the 
courts, where the core question was whether the new Obama 
guidelines are consistent with Dickey-Wicker. Lamberth said he 
believes Dickey-Wicker is “unambiguous” and does not permit 
the NIH “to separate the derivation of ESCs from research on 
the ESCs” because “derivation of ESCs from an embryo is an 
integral step in conducting ESC research.” The Obama admin
istration appealed. The Obama administration’s guidelines are 
based on the political compromise o f deriving ESCs only 
from surplus IVF embryos, and as part o f this compromise, 
the NIH seemed to have conceded that derivation is an inte
gral part o f stem cell research, which is why it sets strict 
limits on the source o f the embryos used and the quality 
o f consent obtained. The political argument for permitting 
the use of surplus IVF embryos is that these embryos were 
created for a legitimate reproductive purpose, and when they 
are no longer wanted for that purpose, their donation for 
research is ethically preferable to their destruction without any 
potential societal benefit.21 O f course, anyone who objects to 
the creation of embryos for IVF would also object to this com
promise. Does Dickey-Wicker permit this political compromise 
as a matter of law?

President Clinton’s National Bioethics Advisory Commission 
argued in 1999 that it was not ethically reasonable to separate
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the derivation of stem cells for research from their use in research. 
The commission believed that the federal government should 
fund both, for at least as long as the embryos used were those 
“remaining after infertility treatments. Their reasons were the 
close connection in practical and ethical terms between deriva
tion and use of the cells” and the hope that permitting funding 
for cell derivation could advance science in this area. Lawyers 
asked by the commission to examine the meaning of Dickey- 
W icker concluded that the NIH’s distinction between derivation 
and use of human ESCs was a “reasonable” interpretation of 
the amendment— but that there is no indication that either 
proponents or opponents [of ESC research] contemplated the 
situation .. . in which research that destroyed the embryo was 
separately conducted from research using the cells derived from 
the embryo.”22

The Clinton panel’s report got less attention than it deserved 
because at that time the national debate was focused on creating 
research embryos through cloning (somatic cell nuclear trans
fer). Bushs Council on Bioethics concentrated on cloning, but 
it was also the only national ethics panel ever to discuss federal 
funding as an ethical, rather than political, issue. It concluded 
that “the decision to fund an activity is . . .  a declaration of offi
cial national support and endorsement, a positive assertion that 
the activity in question is deemed by the nation as a whole .. . 
to be good and worthy.” Such rhetoric seems disconnected from 
special-interest legislation23; a more honest statement regarding 
federal funding is that since Roe v. Wade, funding for anything 
remotely related to abortion— and because no one is pregnant, 
embryo research is indeed only remotely related— has become a 
potent political liability in Congress. Obamas own ethics panel 
sensibly stayed out of this political funding debate.

Three paths were open to proponents o f federal funding 
for human ESC research: The first was to mount a vigorous 
defense in the lawsuit, aiming to persuade the courts that the 
Obama administration’s interpretation of Dickey-Wicker is 
correct. This strategy ultimately succeeded, and the federal 
Court of Appeals ruled 2 to 1 in 2011 that Dickey-Wicker 
permitted the funding of research on human ESCs that had been 
derived from leftover IVF embryos by nonfederal employees 
who did not use federal money. We thought this opinion was 
solid at the time and would prevail, and it has. Nevertheless, we 
also thought it was reasonable for the Obama administration to 
seek congressional authorization for its current regulations. 
However, because this approach would retain Dickey-Wicker 
and could thus lead to more legal challenges, it would be 
preferable— and probably more politically feasible— to amend 
Dickey-Wicker by adding language such as the following: 
“Nothing in part 2 prohibits the NIH from funding research 
using embryos created for procreation, including the derivation 
of stem cells, when the couple no longer wants to use them for 
procreation and has provided their informed authorization for 
them to be used in NIH-funded research.” Amending the lan
guage in this manner would legislatively adopt the ethics posi
tion of the Clinton bioethics commission. The third path is 
continued reliance on private and state funding until sufficient 
scientific progress is made such that the public demands federal 
funding for this research.

NIH Director Francis Collins has said that this issue goes 
beyond politics . . .  to patients and their families who are count
ing on us to do everything in our power, ethically and respon
sibly, to learn how to transform these cells into entirely new 
therapies.” This argument, of course, is itself political; and if

Collins is right, the only place to ultimately resolve the 
funding issue is in Congress.

GENETIC COUNSELING, SCREENING, 
AND PRENATAL DIAGNOSIS24 26
In 2013, the American College of Medical Genetics and Genom
ics (ACMG) opposed legal restrictions on abortion following 
prenatal diagnosis.27 The College noted that the entire practice 
of medical genetics is to provide patients with information to 
enable the pregnant couple “to choose a safe and personally 
acceptable management plan” and concluded that termination 
of pregnancy for genetic disorders or congenital anomalies that 
may be diagnosed prenatally is a critically important option 
This statement was prompted by the passage of a North Dakota 
law outlawing abortion for a “genetic abnormality” defined as 
“any defect, disease, or disorder that is inherited genetically.” The 
law also has its own nonexclusive list of prohibited indications 
for abortion: “Any physical disfigurement, scoliosis, dwarfism, 
Down syndrome, albinism, or any other type of physical or 
mental disability, abnormality or disease.” This law, and pro
posals like it, are a direct response to the increasing number 
of genetic tests that can be performed on fetuses and thus the 
increasing number of conditions for which pregnant women 
might decide to terminate their pregnancies. North Dakota 
Governor Jack Dalrymple said he signed this law to challenge 
the “boundaries of Roe v. Wade. We have not had to decide 
what genetic conditions justify abortion before, but the rapid 
expansion o f genetic tests o f the fetus makes this a compel
ling contemporary quandary. Can we simultaneously reject 
eugenics and discrimination and at the same time provide 
pregnant women with ever more genomic information about 
their fetuses?

Twenty years after Roe, a committee of the IOM suggested 
clinical guidelines for prenatal diagnosis. The committee pro
phetically anticipated that many more genetic tests would be 
developed and that “eventually technologies will be available to 
simultaneously test for hundreds of different disease-causing 
mutations, either in the same or different genes.” The commit
tee’s recommendations, which remain valid today, include 
the following:

• Patients must be fully informed about the risks and ben
efits of testing procedures, their possible outcomes, and 
alternatives.

• Prenatal diagnosis should only be offered for the diagnosis 
of genetic disorders and birth defects, not for minor condi
tions or characteristics or for fetal sex selection.

• Education before and after prenatal screening should be 
available to patients, and ongoing counseling should be 
available following pregnancy termination.

• Reproductive genetic services should not be used for the 
eugenic goal of “improving” the human species.

The recommendations became the foundation upon which 
professional organizations, most importantly the ACOG and the 
ACMG, built their own guidelines for prenatal diagnosis. These 
professional guidelines are used by physicians as the standard of 
care for their patients. The amount of genetic information that 
can be obtained from fetuses is so great that it is often difficult 
for anyone to interpret its meaning or assess the variability and 
uncertainty of any genetic findings. Sometimes, however, prena
tal diagnosis can identify a serious condition, and this informa
tion could lead a couple to terminate a pregnancy. The ability
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to determine the health of the fetus also permits couples who 
would not otherwise take a chance on having a baby because of 
the high risk of a serious genetic condition, such as Tay-Sachs 
disease, to have children without risking birth of an affected 
child.

Chromosomal m icroarray analysis (CMA) detects not only 
entire extra or missing chromosomes but also small losses and 
gains of segments of DNA throughout the genome, whereas 
karyotype analysis allows detection of extra or missing fragments 
of chromosomes but only those large enough to be seen under 
a microscope. These losses and gains of segments of DNA are 
referred to as copy num ber variants (CNVs), and they can lead 
to genetic disorders associated with significant disabilities. The 
National Institute of Child Health and Human Development 
(NICHD) conducted a large study (n = 4406) to compare 
microarray analysis to karyotype analysis. Samples were split two 
ways in this study of women undergoing either chorionic villus 
sampling (CVS) or amniocentesis: standard karyotyping was 
performed on one portion, and microarray analysis on the other. 
In 1 in 60 cases in which the karyotype was read as “normal,” 
microarrays revealed a clinically important CNV. When prenatal 
diagnosis was prompted by a structural abnormality of the fetus 
seen on an ultrasound and the karyotype was interpreted as 
“normal,” microarray analysis revealed a CNV in almost one in
17 c a s e s . Clinical dilemmas are sometimes encountered 
when CMAs show a va ria n t o f  unknown (o r u n cer ta in ) s ig 
n ifica n ce  (VOUS), a change in DNA that has not yet been 
reliably characterized as benign or pathogenic. Sometimes the 
answer to the question, “W hat is the chance of this VOUS 
leading to a significant problem in my baby?” is that we just do 
not know. The vast majority of such variants are likely to be just 
benign variants of no clinical consequences. On the other hand, 
even if a VOUS is inherited from an apparently “normal” parent, 
the CNV may cause serious congenital and developmental 
abnormalities in the child. In such cases, finding a VOUS could 
lead to questioning whether the parent who transmitted the 
VOUS is really “normal,” or if  we need to search for health 
problems that have not been recognized. In the NICHD study, 
a VOUS was found in 3.8% of all cases where the karyotype 
was read as “normal.”

The limited time available for decision making makes gather
ing information quickly imperative, which includes the require
ment for testing the parents to determine whether the fetal 
findings are inherited. Even when a CNV is known to be asso
ciated with a well-described genetic syndrome, making a deci
sion about continuing the pregnancy may still be fraught with 
uncertainty. Genomic information possesses a mythology of 
precision and determinativeness that it does not deserve. As the 
medical literature and databases associated with CNVs expand, 
such diagnostic uncertainties will be less frequent, but they will 
still occur. W hile studies continue, ACOG has recommended 
that couples who choose chromosomal microarrays should 
receive both pretest and posttest genetic counseling. Prenatal 
counseling is usually described as “nondirective,” (i.e., neither 
for nor against termination of the pregnancy), but this term 
has no meaning in the context of a genomic VOUS. Physi
cians must share the uncertainty of diagnosis with their patients 
and must advise them as best they can without guaranteeing a 
healthy baby.

For more than three decades, finding a noninvasive way to 
analyze the genetic makeup of the fetus by identifying fetal cells 
in the blood of the pregnant woman has been a scientific quest

because it could permit prenatal diagnosis without any risk to 
the fetus. The quest to dependably collect fetal cells from mater
nal blood has been taken up by private biotech companies. In 
1997, it was first reported that fragments of cell-free fetal DNA 
(cfDNA) circulate in the maternal blood during pregnancy 
beginning in the early first trimester. About 10% of the DNA 
in maternal plasma is now known to be of placental origin. This 
offers the possibility of noninvasive prenatal diagnosis by taking 
a blood sample from the pregnant woman. The technology cur
rently used for commercial testing is massively para lle l g en om ic 
sequencing.

Within the next few years, noninvasive prenatal detection 
for the majority o f recognized genetic disorders will likely 
become a reality. The fact that the entire fetal genome is repre
sented in maternal blood opens up the possibility of obtaining 
fetal DNA fragments that can be assembled into a complete 
fetal genome readout. A number of substantial hurdles, includ
ing the availability of genetic counseling, remain before non
invasive fetal whole-genome sequencing is introduced into 
clinical practice. First, the cost will have to drop substantially. 
In this regard, targeting selected genomic regions may prove 
more efficient and cost effective than deriving the whole 
genome. On the other hand, isolating and analyzing fetal 
cells from maternal blood would be more straightforward 
and presumably less costly. W ill noninvasive prenatal testing 
become “normalized” and routine because of its ease and safety? 
We think it is inevitable that reasonably priced and accurate 
genetic and genomic tests based on fetal cells or cfDNA extracted 
from maternal blood will be offered to all pregnant women. 
The primary motivation, however, will likely not be medical 
practice standards but fear of medical malpractice lawsuits. 
Obstetricians will likely fear a malpractice lawsuit i f  a fetus 
is born with a genetic abnormality, the test for which the 
couple can credibly explain to a jury that they would have 
obtained, had they known about it, and that they would 
have terminated the pregnancy had they known the fetus 
had the particular genetic condition. We both believe that 
physician fear of the extremely unlikely prospect of such 
a lawsuit is a terrible way to set medical practice standards. 
Rather we support professional organizations that set screen
ing standards for their members— and that their members 
follow them.

Our current model for prenatal screening and diagnostic 
testing requires pretest counseling prior to obtaining informed 
consent, and the obligation to counsel can be seen as inherent 
in the fiduciary nature of the doctor-patient relationship. For 
ordinary medical procedures, the physical risks and treatment 
alternatives— those things that might lead a patient to reject 
therapy or choose an alternative— are the primary items of infor
mation that must be disclosed and should be discussed. Self- 
determination and rational decision making are the central 
values protected by informed consent. In the setting of repro
ductive genetics, what is at stake is the right to decide whether 
to have genomic testing with emphasis on the right to refuse if 
the potential harm in terms of stigma or unacceptable choices, 
including abortion, outweighs the potential benefit for the indi
vidual or her family.

New genomic screening and diagnostic tests— including 
exome and whole-genome sequencing, addressed in Chapter 
10—will compete for introduction into routine clinical practice. 
Some of the critical questions include what information should 
be provided to which patients, when it should be provided,
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and how and by whom it should be conveyed. It w ill soon 
be impossible to do meaningful counseling about all available 
genomic testing. Giving too much information (information 
overload) can amount to misinformation, and it can make the 
entire counseling process misleading or meaningless. To prevent 
disclosure from being pointless or counterproductive, we 
believe that information-sharing strategies based on general 
or “generic” consent should be developed for genetic and 
genomic screening and diagnostic testing. Their aim would 
be to provide sufficient information to permit patients to make 
informed decisions yet avoid the information overload that 
could lead to “misinformed consent.”

Traditionally, the goals of reproductive genetic counseling are 
to help the person or family to:

Com prehend the m ed ica l fa cts, including the diagnosis, the 
probable course of the disorder, and the available manage
ment choices

Appreciate the way hered ity contributes to the disorder and the 
risk of recurrence in specified relatives 

Understand the options for dealing with the risk of 
recurrence

Choose the course o f  action  most appropriate to them in view 
of their risk and their family goa ls and act in accordance 
with that decision 

Make the best possib le ad justm ent to the disorder in an affected 
family member and/or to the risk of recurrence of the 
disorder

Even knowledgeable couples can become confused, frustrated, 
and anxious if  faced with multiple options for genetic screening 
and testing. An approach based on “generic consent,” which 
we described in the New England Jou rna l o f  M edicin e 20 years 
ago and still believe in, would not even attempt to describe each 
of hundreds or thousands of genetic conditions and anomalies 
to be screened and tested for; instead, it would emphasize 
broader concepts and common-denominator issues in genetic 
and genomic screening.

We envision a doctor-patient relationship in which patients 
are told of the availability of a panel of genetic and genomic 
tests that can be performed on a single blood sample, either for 
carrier screening or for noninvasive prenatal testing. Couples 
would be told that these tests would focus on disorders that 
involve serious physical abnormalities, mental disabilities, or 
both. Several common examples would be given to indicate the 
frequency and spectrum of severity of each type or category of 
genetic condition for which screening or diagnostic testing was 
being offered. Conditions such as spina bifida and cleft lip, chro
mosome abnormalities such as Down syndrome and trisomy 18, 
and single gene disorders such as cystic fibrosis and Tay-Sachs 
disease might be chosen as representative examples.

In the course o f counseling, important factors common to 
all prenatal screening and diagnostic tests would be high
lighted. Among these are their limitations, especially the fact 
that negative results cannot guarantee a healthy infant. For 
screening tests, the couple needs to know that additional invasive 
tests may be needed to establish a diagnosis or clarify confusing 
or uncertain results. Other considerations that need to be dis
cussed are the costs of testing; options such as adoption, egg or 
sperm donation, abortion, or acceptance of risks; and issues of 
confidentiality, including potential disclosure of the results to 
other family members. If the testing is for carrier status, and a 
recessive gene is detected in the woman, it must be emphasized 
that her partner should also be screened.

For prenatal diagnosis, couples should understand that 
abortion o f an abnormal fetus is available, but it is not the 
only option. For couples who find abortion unacceptable for 
any indication, prenatal diagnosis may still provide important 
information. For example, if  it becomes known that a baby will 
be delivered with serious birth defects, choosing to deliver at a 
tertiary medical center that offers specialized care may optimize 
the infant’s outcome. In some cases, knowing that the fetus has 
a very serious and incurable disorder may alter the obstetric care 
for the mother. For example, if  the fetus has trisomy 18, the 
likelihood is high that fetal heart monitoring during labor would 
show an abnormal tracing. Knowing that the fetus has trisomy
18 could avert performing a cesarean delivery because it would 
not benefit the infant.

Generic consent to genetic carrier screening and diagnos
tic testing can be compared with obtaining consent to 
perform a routine physical examination. Patients know that 
the purpose of the examination is to locate potential problems 
likely to require additional follow-up, which could present them 
with choices they would rather not have to make; essentially, the 
doctor is looking for trouble, and the patient is hoping no 
trouble will be found. However, the patient is not generally told 
about all the possible abnormalities that can be detected by a 
routine physical examination or routine blood work, only the 
general purpose of each. On the other hand, tests that may 
produce especially sensitive and stigmatizing information, 
such as screening o f blood for the human immunodeficiency 
virus (HIV, see Chapter 52), should not be performed without 
specific consent. Similarly, because o f its reproductive impli
cations, genetic testing has not traditionally been carried out 
without specific consent.

W hat is central in generic consent for genetic and genomic 
screening and diagnostic testing is not a waiver of the individual 
patient’s right to information. Rather generic consent would 
reflect a decision by the medical community that we believe 
is consistent with the physician’s fiduciary obligations to the 
patient; it is a decision that patients would likely support, 
that the most reasonable way to conduct genetic and genomic 
screening and diagnostic testing for multiple diseases simul
taneously is to provide basic, general information to obtain 
consent for the testing and much more detailed information 
on specific conditions only after they have been detected. 
In the vast majority of cases, no such conditions will in fact 
be found, so this method is also the most efficient and cost 
effective.

Some patients may require more specific and in-depth infor
mation on which to base their decision regarding testing. It is 
therefore essential to build into the testing program ample 
opportunity for patients to obtain all the additional information 
they want or need to help them make decisions. Clinicians, of 
course, must be open and responsive to the concerns and ques
tions of patients. Counseling could be provided in person by a 
physician or other health professional. Alternatively, Internet- 
based audiovisual aids could be used to help ensure consistency 
in the information provided, improve efficiency, and help 
respond to the shortage of genetic counselors.

Generic consent for genetic and genomic screening and diag
nostic testing should help prevent information overload and 
wasting time on useless information, especially for carrier screen
ing. It would not, however, solve what is likely to be an even 
more central question in prenatal genetic testing: Are there 
genetic conditions for which testing should not be offered to
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prospective parents? Examples might include genes that predis
pose a person to a particular disease that will not appear until 
late in life such as Alzheimer disease, Parkinson disease, or breast 
cancer. From the perspective of the fetus, life with the possibility 
or even a high probability of developing these diseases in late 
adulthood is much preferred to no life at all. Thus in this case— 
unlike that of the fetus with trisomy 18, for example— no rea
sonable argument could be made that precluding abortion by 
denying this information could amount to forcing a “wrongful 
life” on the child.

We should, nonetheless, directly and publicly address 
the question o f whether conditions should exist for which 
screening o f prospective parents or testing o f fetuses should 
not be offered as a matter o f good medical practice and public 
policy regardless o f the technical ability to do such testing 
or the wishes o f the couple. Offering genetic and genomic 
screening and diagnostic testing to assist couples in making 
reproductive decisions is not a neutral activity; rather it implies 
that some action should be taken on the basis of the results of 
the test. Simply offering carrier screening for breast cancer or 
colon cancer genes in the context of preconception care, for 
example, suggests to couples that artificial insemination, adop
tion, and even abortion are all reasonable choices if  they are 
found to be carriers of such genes. On the other hand, because 
of a personal experience with a family member who suffered 
from one of these adult-onset diseases, a particular couple 
might see abortion as a reasonable choice under such circum
stances, and a practice of keeping such information away from 
all couples would not be justified. However, in general we do 
not believe that pregnancies in women who want to have a 
child should be terminated for adult-onset diseases. We are 
all going to die o f something, and i f  we live long enough, 
that something will have a major genetic component; there 
can be no perfect genome, and the search for it in a fetus 
will inevitably fail.

A standard of care for genomic screening and diagnostic 
testing w ill inevitably be set, as will a standard for informed 
consent in the face of hundreds or thousands of available 
genomic tests. We believe the medical profession should take the 
lead in setting such standards, and with public input and 
support, the model of generic consent for genomic screening 
and diagnostic testing will ultimately be accepted. Other regula
tors, including the Food and Drug Administration (FDA), will 
increasingly be involved in setting standards for genomic testing 
done outside of a physician-patient relationship, usually referred 
to as direct-to-consumer (DTC). In m id-2013, for example, the 
genetic-testing company 23andMe began running a compelling 
national television commercial. The ad featured attractive young 
people saying that for $99, you could learn “hundreds of things 
about your health,” including that you “might have an increased 
risk of heart disease, arthritis, gallstones, and hemochromatosis.” 
It was the centerpiece of the company’s campaign to sign up a 
million consumers. In November, the FDA sent 23andMe a 
warning letter, ordering them to “immediately discontinue mar
keting the PGS [Saliva Collection Kit and Personal Genome 
Service] until such time as it receives FDA marketing authoriza
tion for the [class III] device.” One month later, the company 
announced that it was complying with the FDA’s demands and 
discontinued running its TV commercial.

The 23andMe services rely on single nucleotide polymor
phism (SNP) technology to identify genetic markers associated 
with 254 specific diseases and conditions, although the list has

grown over time. The company Web page now boasts “Ongoing 
reports provided to you as new genetic discoveries are made and 
as we are able to clear new reports through the FDA.” In the 
past, it said their service could inform people about their health 
and how to take steps to improve it. In the words of 23andMe’s 
TV commercial, “Change what you can, manage what you 
can’t.” The FDA wrote that its main concern was that 23andMe 
failed to supply any indication that it had “analytically or clini
cally validated the PGS for its intended uses.” The page now 
states that its service includes “reports that meet FDA standards 
for being scientifically and clinically valid.” The FDA has not 
yet developed rules for DTC genetic testing, and whether gov
ernment regulation or private litigation will determine the future 
contours of DTC genomic sequencing will probably depend on 
the extent to which consumers and physicians support govern
ment regulation.

23andMe had previously framed DTC genetic testing as 
consumer empowerment that gave people direct access to 
their genetic information without requiring them to go 
through a physician or genetic counselor. To oversimplify, the 
debate has been framed as a struggle between medical (or gov
ernment) paternalism and an individual’s right to their own 
information. In this sense, it is not so different from the older 
debate about whether patients should have direct access to their 
medical records and test results, which was ultimately resolved 
in favor of direct patient access. We think the day will come 
when this framing is appropriate, but not until the diagnostic 
and prognostic capability of genomic information has been 
clinically validated.

It seems reasonable to predict, for example, that in the next 
decade or even sooner, a majority of health plans will make it 
easy for their members to have their entire genome sequenced 
and linked to their electronic health record, and they will provide 
software to help their members interrogate their own genomes 
with or without the help of their physician or a genetic counselor 
supplied by the health plan. This service will, of course, require 
a massive data bank of genome reference materials, and the FDA 
and the National Institute for Standards and Technology are 
working to establish such a data bank. Unless genomic tests 
have been validated, however, genomic information can be 
misleading or just plain wrong, and this can cause more harm 
than good in health care settings. In most cases, family history 
is likely to be at least as informative about an individual’s health 
risks as SNP-based testing such as that used by 23andMe. In 
this regard, the FDA’s censoring of 23andMe’s PGS advertising 
did not deprive people of useful information; the agency merely 
asserted its requirement that companies that want to sell their 
health-related medical devices to the public demonstrate to the 
FDA that they work— in this case, that the tests do what the 
company asserts that they do. That is traditional consumer pro
tection and what the public expects from the FDA.

Privacy is a closely related issue. How can the extremely 
private and personal information locked in our DNA be pro
tected from others’ using it without our consent for their own 
purposes or making it available to people or organizations who 
could use it against us, such as by denying us life or disabil
ity insurance? For example, 23andMe has suggested that its 
longer-range corporate goal is to collect a massive biobank 
of genetic information that can be used and sold for medical 
research and could also lead to patentable discoveries. Such uses 
seem reasonable so long as the consent of the DNA donors is 
properly obtained and their privacy is protected. Both of these
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requirements are, however, much more difficult to uphold than 
23andMe seems to realize.

Informed consent to genomic testing is currently the 
subject o f a wide-ranging debate, touched off by testing poli
cies published by the ACMG that require that when a physician 
orders a clinical sequencing test, the testing lab must also test 
for pathogenic (or probably pathogenic) mutations in 56 genes 
related to 24 serious disorders. The original report suggested 
doing away with informed consent, but a later revision included 
an opt-out provision. People have both a right to know what 
will be done to diagnose their condition and a right not to know 
information about their genetic predispositions if  they do not 
want to know it. Here, 23andMe had adopted a more rights- 
respecting mode, telling customers what they w ill be looking for 
before they sign up for the genetic testing and giving them a 
second chance not to find out about the results of specific 
tests— such as tests for the breast-cancer mutations, Parkinson 
disease, and Alzheimer disease— after the test is done.

Whether ordered by physicians or by consumers online, 
whole-genome screening will require more sophisticated 
informed consent protocols, and we believe that individuals 
should also retain the right not to have specific genes sequenced 
at all. Geneticist James Watson set a reasonable standard for 
nondisclosure when he authorized the publication of his entire 
genome with one exception: he still refuses to have his apolipo- 
protein E (APOE) status determined because he does not want 
to know if  he is at higher-than-average risk for developing 
Alzheimer disease. That should be his right and the right of every 
patient or consumer.

Because of the company’s aggressive marketing and refusal to 
continue negotiations, the FDA shut 23andMe down temporar
ily  In 2015, the FDA decided it was ready to permit 23andMe 
to market genetic tests for autosomal recessive disease that could 
be used by couples to determine whether they both carried such 
a gene, which would give them a one in four chance of having 
an affected child. The shutdown provided the opportunity for 
a serious dialog that could be a basis for setting standards for 
the entire industry. It could also be a catalyst for creating a regu
latory framework for whole-genome—sequencing platforms, 
which are the future of genomics.1 It’s already a commonplace 
observation that we will soon have ‘ the $ 1000 genome with the 
$1,000,000 interpretation.” Put another way, it is not the cost 
of the sequencing or the SNP testing that is at the heart of 
this debate; it is whether the genomic information produced 
by that sequencing can be used in ways that improve our 
health. The goal of both the FDA and 23andMe should be to 
ensure that genomic information is both accurate and clinically 
useful. Clinicians w ill be central to helping consumer-patients 
use genomic information to make health decisions. Any regula
tory regime must recognize this reality by doing more than 
simply adding the tag line “Ask your physician on most con
sumer ads for prescription drugs.

FORCED CESAREAN DELIVERY
Almost 25 years ago, Kolder and colleagues29 reported a U.S. 
national survey revealing that court orders had been obtained 
for cesarean deliveries in 11 states for hospital detentions in two 
states and for intrauterine transfusions in one state. Among 21 
cases in which court orders were sought, the orders were obtained 
in 86%; in 88% of those cases, the orders were received within
6 hours. Most of the women involved were black, Asian, or

Hispanic, and all were poor. Nearly half were unmarried, and 
one fourth did not speak English as their primary language. In 
the survey, they also found that 46% of the heads of fellowship 
programs in maternal-fetal medicine thought that women who 
refused medical advice and thereby endangered the life of the 
fetus should be detained, and 47% supported court orders for 
procedures such as intrauterine transfusions. Until 1990, with 
the exception of one case in the Georgia State Supreme Court, 
all cases had been decided by lower courts and therefore had 
little precedential importance.30 In most cases, judges were called 
on an emergency basis and ordered interventions within hours. 
The judge usually went to the hospital. Physicians should know 
what most lawyers and almost all judges know: when a judge 
arrives at the hospital in response to an emergency call, he 
or she is acting much more like a lay person than a jurist. 
W ithout time to analyze the issues, without representation for 
the pregnant woman, without briefing or thoughtful reflection 
on the situation, in almost total ignorance of the relevant law, 
and in an unfamiliar setting faced by a relatively calm physician 
and a woman who can easily be labeled hysterical, the judge 
will almost always order whatever the doctor advises.

There is nothing in Roe v. Wade,2 or any other appellate 
decision, that gives either physicians or judges the right to 
favor the life or well-being o f the fetus over that o f the preg
nant woman. Nor is there legal precedent for a mother being 
ordered to undergo surgery (e.g., kidney or partial liver trans
plantation) to save the life of her dying child. It would be ironic 
and inconsistent if  a woman could be forced to submit to more 
invasive surgical procedures for the sake of a fetus than for 
a child. Forcing pregnant women to follow medical advice 
also places unwarranted faith in that advice. Physicians often 
disagree about the appropriateness of obstetric interventions, 
and they can be mistaken.31 In three of the first five cases in 
which court-ordered cesarean delivery was sought, the women 
ultimately delivered vaginally and uneventfully. In the face 
of such uncertainty— uncertainty compounded by decades of 
changing and conflicting expert opinion on the management of 
pregnancy and childbirth— the moral and legal primacy o f the 
competent, informed pregnant woman in decision making is 
overwhelming.3'

Physicians may feel better after being blessed by the judge, 
but they should not. First, the appearance of legitimacy is decep
tive; the judge has acted injudiciously, and no opportunity for 
meaningful appeal exists. Second, the medical situation has not 
changed except that more time has been lost that should have 
been used to continue discussion with the woman directly. 
Finally, the physician has now helped to transform himself or 
herself into an agent of the state’s authority.32

The question of how to deal with a woman who continues to 
refuse intervention in the face of a court order remains. Do we 
really want to attempt to restrain and forcibly medicate and 
operate on a competent refusing adult? Although such a proce
dure may be legal, it is hardly humane. It is not what one gener
ally associates with modern obstetric care, and it has the potential 
to cause harm. It also encourages an adversarial relationship 
between the obstetrician and the patient. Moreover, even from 
a strictly utilitarian perspective, this marriage of the state and 
medicine is likely to harm more fetuses than it helps because 
many women will quite reasonably avoid physicians altogether 
during pregnancy if failure to follow medical advice can result 
in forced treatment, involuntary confinement, or criminal 
charges.
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Extending notions o f child abuse to “fetal abuse” simply 
brings government into pregnancy with few i f  any benefits 
and with great potential for invasions o f privacy and depriva
tions o f liberty. It is not helpful to use the law to convert 
a woman’s and society’s moral responsibility to her fetus into 
the woman’s legal responsibility alone.29 After birth, the fetus 
becomes a child and can and should thereafter be treated in its 
own right. Before birth, however, we can obtain access to the 
fetus only through its mother and, in the absence of her informed 
consent, can do so only by treating her as a fetal container, a 
nonperson without rights to bodily integrity.

In 2005, the ACOG revised and updated its 1987 Ethics 
Committee report on “Patient Choice: Maternal Fetal Con
flict,” now titled “Maternal Decision Making, Ethics, and the 
Law,” which we believe provides thoughtful and useful 
guidance for the medical practitioner. The statement high
lighted six considerations that we combine into three:
1. Coercive and punitive legal approaches to pregnant women 

who refuse medical advice fail to recognize that all competent 
adults are entitled to informed consent and bodily integrity.

2. Court-ordered interventions in cases of informed refusal, as 
well as punishment of pregnant women for their behavior 
that may put a fetus at risk, neglect the fact that medical 
knowledge and predictions of outcomes in obstetrics have 
limitations .. .  [and treat medical problems] as if  they were 
moral failings.

3. Coercive and punitive policies are potentially counterproduc
tive in that they are likely to discourage prenatal care and 
successful treatment, adversely affect infant mortality rates, 
and undermine the physician-patient relationship .. .  [and] 
unjustly single out the most vulnerable women . . .  and create 
the potential for criminalization of many types of otherwise 
legal maternal behavior.
Based on these, the Committee on Ethics made four recom

mendations, the most central of which are:
1. Pregnant women’s autonomous decisions should be respected. 

.. . In the absence of extraordinary circumstances, circum
stances that, in fact, the Committee cannot currently imagine, 
judicial authority should not be used to implement treatment 
regimens aimed at protecting the fetus, for such actions 
violate the pregnant woman’s autonomy.

2. Pregnant women should not be punished for adverse perina
tal outcomes.

3. Policymakers, legislators, and physicians should work together 
to find constructive and evidence-based ways to address the 
needs of women with alcohol and other substance abuse 
problems.
This 2005 statement is even stronger than a 1990 opinion by 

the District of Columbia Court of Appeals, which ruled that the 
decision of the pregnant woman must be honored in all but 
“extremely rare and truly exceptional” cases.34 ACOG’s Ethics 
Committee “cannot currently imagine” what that “rare and truly 
exceptional” case might look like.

KEY POINTS

♦ In Roe v. Wade (1973), the U.S. Supreme Court deter
mined that a fundamental “right to privacy existed in 
the Fourteenth Amendment’s concept of personal

liberty’ that is “broad enough to encompass a woman’s 
decision whether or not to terminate a pregnancy” 
before fetal viability without state interference.

♦ In P lanned Parenthood o f  Southeastern Pennsylvania v. 
Casey (1992), the U.S. Supreme Court reaffirmed the 
“core” of Roe v. Wade and ruled that before fetal viability, 
states cannot “unduly burden” a woman’s decision 
to terminate a pregnancy (i.e., although consent and 
waiting periods may be constitutionally acceptable, 
states cannot regulate abortion in ways that will actually 
prevent women from obtaining them).

♦ Roe and Casey are critical to understanding the rights of 
obstetricians, which are derived from the rights of their 
patients, because they are the major sources of law 
regarding how far states can go to regulate decisions 
made in the obstetrician-patient relationship.

♦ W ith the exception of a procedure Congress has labeled 
“partial-birth abortion,” unless they contain an excep
tion for the health of the pregnant woman, laws that 
criminalize abortions are unconstitutional because they 
are inconsistent with both Roe and Casey.

♦ Roe has been the source of political controversy since it 
was decided in 1973. Congress has enacted the Hyde 
Amendment every year since the mid-1970s, prohibit
ing the use of federal funds for almost all abortions, 
and its constitutionality has been upheld by the U.S. 
Supreme Court. Roe motivated the exclusion of abor
tion funding for Obamacare and ultimately a ruling by 
the U.S. Supreme Court that for-profit corporations can 
have religious beliefs, which the government must 
honor, to not include contraceptive methods the corpo
ration believes induce abortion in the health care insur
ance made available to their employees.

♦ The Hyde Amendment was the basis for another similar 
amendment, the Dickey-Wicker Amendment, which 
prohibited the use of federal funds for human embry
onic stem cell research and was the basis for a temporary 
injunction that prohibited the NIH from funding such 
research in 2010 (overturned in 2011) under the Obama 
administration’s human embryonic stem cell research 
rules.

♦ To protect patient privacy and autonomy, no informa
tion obtained in genetic counseling or screening should 
be disclosed to any third party without the patient’s 
authorization.

♦ “Generic” consent for genetic screening that emphasizes 
broad concepts and common-denominator issues 
should help maximize rational decision making by pre
venting information overload and wasting time on 
useless information.

♦ Self-determination and rational decision making are the 
central purposes of informed consent, and information 
on recommended procedures, risks, benefits, and alter
natives should be presented in a way that furthers these 
purposes.

♦ Consent of the pregnant woman is a mandatory prereq
uisite for both investigative procedures and therapy Her 
consent must be informed, and she should be told as 
clearly as possible about the proposed experimental pro
cedures or therapy, its risks to her and her fetus, and
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alternatives, success rates, and the likely problems with 
recuperation.

♦ The fetal-maternal relationship is a unique one that 
requires physicians to promote a balance of maternal 
health and fetal welfare while respecting maternal 
autonomy. Obstetricians should not perform proce
dures that are refused by pregnant women, although 
reasonable steps to persuade a woman to change her 
mind are appropriate.
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MATERNAL AND REPRODUCTIVE HEALTH
This chapter can only touch the surface of the complex issues 
relating to the continuing yet avoidable tragedy of maternal 
deaths worldwide. However, for those readers for whom it pro
vides the impetus for more in-depth study, many key documents 
and papers are contained within its references. First, we offer a

brief description of the main clinical, health system, and wider 
social causes and key actions for the prevention of deaths and 
obstetric complications, particularly in resource-poor countries, 
and conclude with a summary of the steps that need to be taken 
at individual, professional, facility, and health system levels and 
nationally and internationally to help reduce these needless 
deaths. The section after that provides clinical details on the 
challenges of preventing, identifying, and managing the main 
obstetric complications of pregnancy in resource-poor settings, 
and the final section provides some practical tips for anyone 
considering working abroad for longer or shorter periods 
of time.

Maternal Health and the Burden 
of Death and Disability

“Many Births Mean Many Burials”
— Kenyan Proverb

Every year worldwide, around 290,000 mothers and 3 million 
babies die at the time of birth, and another 3 million infants are 
stillborn. Despite recent initiatives, which in some countries 
have resulted in declines in maternal death rates over the past 
few years, too little has happened too late. The fact is that the 
main causes of maternal death and preventive or remediable 
interventions have been well known for many years, and nearly 
all of these vulnerable mothers could be saved at little extra cost. 
Lives would be saved if  women had a choice about becoming 
pregnant, and once pregnant, if  they and their babies had access 
to essential health services that provide evidence-based, techno
logically appropriate, and affordable interventions even in the 
poorest countries of the world. This in turn depends on the 
availability of resources and the recognition and enforcement of 
the human rights of girls and women. For example, a recent 
United Nations (UN) report estimated that if  all women who 
actually wanted to avoid pregnancy were able to access and use 
an effective method of contraception, the number of unintended
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pregnancies would drop by 70%, and the number of unsafe 
abortions would drop by 74%. Further, if  these women’s con
traceptive needs were met, and if all pregnant women and their 
newborn babies received the basic standards of maternity care 
recommended by the World Health Organization (W HO), the 
number of maternal deaths would fall by two thirds— from
290,000 down to 96,000— and the number of newborn deaths 
would fall by more than three quarters, down to 660,000.'

Deaths are merely the tip o f the iceberg. Globally it is 
estimated that over 300 million women are living with short- 
or long-term pregnancy-related complications with around
20 million new cases occurring each year. 3 These figures do 
not reflect other additional yet poorly recognized burdens. In 
most countries postnatal depression, suicide from puerperal psy
chosis, and other mental health issues are not even acknowl
edged as pregnancy-related problems, and the stories of legions 
of women dying or suffering from these debilitating conditions 
remain untold.

Babies are affected by their mother’s health in pregnancy and 
birth, and added to the 6 million who die before or just after 
birth, many more millions are left motherless and less able to 
thrive. The risk of death for existing children under 5 is doubled 
if  their mother dies in childbirth, which is particularly challeng
ing for girls.4

Every maternal death or long-term complication is not only 
a tragedy for the mother, her partner, and her surviving children, 
it is also an economic loss to her family, community, and society. 
Saving mothers lives is also crucial to the wider economy; for 
example, in Nigeria during 2005, it was estimated that maternal 
deaths alone led to around $102 million in lost productivity.5

A Place Between Life and Death
In developed countries, pregnancy is not generally considered as 
dangerous, and childbirth is usually regarded as a joyful and 
positive life-changing event. However, these 11 million births 
account for only 8% of the annual deliveries worldwide. The 
same cannot be assumed for the 92% of mothers, some 124,000 
million women, living in less developed areas of the world. Of 
these, approximately 800 will die and 16,000 will suffer severe 
and long-lasting complications every day.6'7 Additionally, every 
day, nearly 8000 babies will die around the time of birth, and 
another 7000 will be stillborn.8 Overall, this burden o f mater
nal and neonatal mortality, including stillbirths, accounts for 
around 15,800 deaths each day, or 10 lives lost every minute.

In Chichewa, the national language of Malawi, the word 
pakati refers to pregnancy. Its literal translation means “in the 
middle between life and death.” In other African countries, it is 
common to hear women in labor using euphemisms such as “I 
am going to the river to fetch water; I may not come back,” or 
childbirth is described as “slipping on a banana skin at the edge 
of a cliff with no safety net.”

These concerns are all too real for many women, and “a place 
between life and death” is an accurate description of the 9 
months of anxiety and fear that accompany pregnancy and 
delivery. The World Bank classifies every economy as low, 
middle, or high income; it uses gross national income (GNI) 
per capita because GNI is considered to be the single best indica
tor of economic capacity and progress. Low-income and middle- 
income economies are collectively referred to as developing 
economies. For the 11 million mothers in high-income countries 
(HICs), access to quality antenatal, intrapartum, and postnatal 
care for both mothers and babies is readily available. Another

34 million women will deliver in middle-income countries 
(MICs), where hospital facilities with variable quality of care or 
resources such as staff, blood, drugs, or high dependency units 
may be available. However, for the 90 million mothers in low- 
income countries (LICs), the situation can be very different, 
with little or no access to even basic health care, which places 
the health of both mother and baby at significantly higher risk. 
The film “W hy Did Mrs. X Die: Retold” is available online in 
several languages (vimeo.com/50848172), and it provides a 
simple introduction.

Where Mothers Die
O f all the maternal deaths that occur, 99% are in low and 
middle-income countries, the same as for newborns/’ 1 The 
W HO defines the maternal mortality ratio (M M R) as the 
number of direct and indirect maternal deaths per 100,000 live 
births during pregnancy or up to and including 42 days after 
the end of pregnancy. The latest UN estimates for 20 13  are 
that the overall global MMR is 2 10  deaths per 100,000 live 
births, with an even higher figure (230) for developing 
regions (LICs and MICs) compared with 12 for developed 
regions. The highest regional M M R is 520 for sub-Saharan 
Africa, followed by 190 for both the Caribbean and Oceania, 
170 for Southern Asia (which drops to 140 if  India is excluded), 
77 for Latin America, 60 for North Africa, and 39 for Central 
Asia.6 However, these figures hide wide intercountry and intra
country variations. Overall, Sierra Leone is estimated to have the 
highest M M R (1100), followed by Chad (980), the Central 
African Republic (880), and Somalia (850). Ten other African 
countries have MMRs higher than 500 per 100,000 live births. 
Due to the sheer weight of its population, the annual deaths of
50,000 mothers in India account for 17% of the global total. 
This is despite the country having made significant progress in 
recent years with a concerted effort at national, state, and local 
levels: the Indian M M R fell from 600 in 1990 to 200 in 2010.6

Adolescent Girls and Lifetime Risk of Maternal Death
Ending child marriage is a public health priority. Apart from 
taking away their childhood, young pregnant girls are more 
likely to die and are at greater risk of complications. Those under 
the age of 15 are five times more likely to die of a pregnancy- 
related cause than women in their twenties.10 Every year, 3 
million undergo unsafe abortions.'11 Maternal death is now the 
leading cause of death for young girls in developing countries, 
with 15% percent of all deaths worldwide occurring among 
adolescents.‘u 1-13 Compared with mothers aged 20 to 24 years, 
girls aged between 10 and 19 years have higher risks of obstructed 
labor, eclampsia, puerperal sepsis, systemic infections, and 
preterm deliveries and require more cesarean deliveries.1 *'15 Their 
babies also fare worse as a result.

In developing countries, a 15-year-old girl faces a 1 :1 6 0  
risk o f dying from a pregnancy-related complication during 
her lifetime, and this rises to an average risk o f 1 :3 8  for those 
who live in sub-Saharan Africa. The average risk in the most 
developed countries is 1 :3750. In the very worst countries to 
be born a girl— such as Chad, Niger, and Cote d’Ivoire— the 
lifetime risk is still between 1 :15  and 1 :29  despite the fact that 
these figures have actually been halved over the past 10 years.6 
Even in the developed world, wide variations are seen within a 
country depending on who the mothers are, where they live, and 
their social circumstances. In the United Kingdom, for example, 
vulnerable unemployed women are 10 times more likely to die
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or suffer complications than women in families where at least 
one member is employed.16

United States
The WHO estimated the overall MMR for the United States 
to be 28 per 100,000 live births in 2013, which is threefold 
greater than in Western Europe and Australasia.6 Indeed, the 
United States is one of the few countries whose M M R has 
increased, rather than decreased, in recent years. This may be 
due to a steady rise in the number of women with advanced 
maternal age, chronic medical conditions, and obesity coupled 
with an increasing number of medical interventions, not all of 
which may be necessary. Recent patient safety research demon
strates that where consistent protocols for diagnosis, manage
ment, consultation, or referral of complicated cases are lacking, 
less optimal maternal outcomes may result.1

In the United States, as in many Western countries, the most 
common obstetric conditions resulting in severe maternal mor
bidity or mortality are obstetric hemorrhage, severe preeclamp
sia, and venous thromboembolism.18 Recent case reviews have 
highlighted that a significant proportion of the morbidity and 
mortality from these conditions are due to missed opportunities 
to improve maternal outcomes. A major challenge is to identify 
those women who need specialist care at an early stage, without 
elim inating the category of lower-risk cases. To address this 
complex problem, a multidisciplinary group of senior health 
care and birth facility leaders to review and amend current rec
ommendations and plan a national approach to implement 
improved strategies has recently been convened as the U.S. 
National Partnership for Maternal Safety.11

Mothers Who Survive: Severe Maternal Morbidity
Whereas global maternal deaths may have been neglected until 
relatively recently, women who suffer from severe maternal mor
bidity and its long-term sequelae have fared even worse. It is 
estimated that 1.1 million o f the annual total o f 136 million 
births are complicated by a severe maternal “near-miss” 
event, after which the mother survived either by chance or 
following high-quality medical care. A further 9.5 million 
women suffer more manageable complications that are still very 
severe, and 20 million mothers suffer longer-term complications 
each year.3 These are conservative estimates.20

Whatever the death-to-disability ratio, as with maternal 
deaths, the numbers will always be too high, and the underlying 
causes are disturbingly similar. Hence, reducing the risk factors 
for death will help to decrease the number of significant obstetric 
complications. Table 58-1 estimates the overall numbers and 
case fatality rates for the five major global direct obstetric com
plications of pregnancy and the overall numbers of women

affected.21 Direct maternal deaths are those that result from 
obstetric complications of the pregnancy state (pregnancy, labor, 
and the puerperium), from interventions, omissions, incorrect 
treatment, or from a chain of events resulting from any of the 
above. Indirect obstetric deaths are those that result from previ
ous existing disease or disease that developed during pregnancy 
and which was not due to direct obstetric causes but was aggra
vated by physiologic effects of pregnancy. Coincidental mater
nal deaths are those from unrelated causes that happen to occur 
in pregnancy or the puerperium. Late maternal deaths include 
the death of a woman from direct or indirect obstetric causes 
more than 42 days but less than 1 year after termination of 
pregnancy.

As stated by Zacharin, “In an unequal world, these women 
are the most unequal among unequals.”22 O f all the long-term 
morbidities arising from childbirth, an obstetric fistula is one of 
the worst. It is estimated that in sub-Saharan Africa and in parts 
of Asia, between 654,000 to 2 million young women live, 
usually in isolation and shame, with untreated obstetric fistulae; 
the annual incidence is 50,000 to 100,000 new cases.23,24

Obstetric fistulae are highly stigmatizing, and affected women 
often become social outcasts. The constant leakage of urine and 
or fecal matter makes it difficult for them to remain clean, 
especially in areas with lim ited access to water, and they most 
likely will never have children. It is hard to find work; and 
having failed in their primary objective to have children, they 
offer little, if  any, economic advantage to their families. As a 
result they are frequently rejected and cast out. The growth in 
training local surgeons in techniques for simple repair and the 
ever increasing number of specialist fistula repair centers who 
also train local staff is slowly helping restore function, fertility, 
and dignity to these women— but the services available are still 
few and far between. This is discussed in more depth in the 
section “Obstructed Labor and Obstetric Fistula.”

Babies Who Die
Mothers and their babies are a dyad, inextricably linked, yet all 
too often the newborn is overlooked when considering policies 
to reduce the impact of maternal ill health or death. Around 
half o f the annual 2.6 million stillbirths and 2.9 million 
deaths in the neonatal period, the first month o f life, occur 
as a result o f maternal complications during pregnancy or 
delivery.8 Thus improving maternal care helps more babies 
survive, and they survive in better condition, which provides a 
healthier start to life.

Most neonatal deaths (73%) occur during the first week 
of life with around 36%  in the first 24 hours. The major 
causes are complications that arise from preterm birth (36%), 
intrapartum asphyxia (23%), and neonatal infections such

TABLE 58-1 ESTIMATED NUMBERS AND INCIDENCE OF THE MAJOR GLOBAL CAUSES OF DIRECT MATERNAL 
DEATHS AND SEVERE MORBIDITY FOR THE YEAR 2000

INCIDENCE OF CO M PLICATIO N NUMBER CASE F ATA LITY % OF ALL
CAUSE (% OF LIVE BIRTHS) OF CASES R A T E (%) DEATHS DIRECT DEATHS

Hemorrhage 10.5 13,795,000 1.0 132,000 28%
Sepsis 4.4 5,768,000 1.3 79,000 16%
Preeclampsia, eclampsia 3.2 4,152,000 1.7 63,000 13%
Obstructed labor 4.6 6,038,000 0.7 42,000 9%
Abortion 14.8 19,340,000 0.3 69,000 15%

Modified from AbouZahr C. Global burden of maternal death. In British M ed ica l Bulletin. Pregnancy: R edu cing M aterna l D eath a n d  Disability. British Council. Oxford University Press; 
2003, pp. 1-13.
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as sepsis, meningitis, and pneumonia, which together con
tribute 23°/o.25 Two thirds of newborn deaths could be pre
vented if skilled health workers performed effective interventions 
at birth and during the first week of life.26

Labor and the 24 hours surrounding birth are the riskiest 
times for mother and baby, with 46%  o f maternal and 40%  
o f neonatal deaths and stillbirths occurring during this 
period.27 This fuels the repeated call for more skilled birth 
attendants to assist at delivery, which should take place in a clean 
and well-equipped unit with working transport links to more 
comprehensive facilities capable of managing emergency com
plications for both mother and baby

Why Mothers Die 
CLINICAL CAUSES
In the most recent W H O  analysis of the global causes of mater
nal death, 73% of the deaths were considered to be due to direct 
obstetric causes. O f all direct and indirect deaths combined, 
27% were due to hemorrhage, 14% to preeclampsia, 11% from 
puerperal sepsis, 8% from unsafe abortion, 3% from embolism, 
3% from obstructed labor, and 7% from other direct causes 
combined.28 Virtually all these deaths could be avoided if the 
maternal and reproductive health services taken for granted in 
developed countries were available. The other 27% of maternal 
deaths worldwide are due to indirect causes, most of which result 
from preexisting underlying medical disorders exacerbated by 
the mother’s pregnant state.

Deaths from illnesses related to human immunodeficiency 
virus (HIV) and acquired immune deficiency syndrome 
(AIDS), regarded as indirect deaths, make a major contribu
tion to maternal mortality globally and in some sub-Saharan 
countries cause more than half o f all indirect deaths. In 
Botswana they account for 56%, and in South Africa and 
Namibia, the rates are 60%, rising to 67% in Swaziland.6 In four 
non-African countries— Ukraine, Bahamas, Thailand, and the 
Russian Federation— more than 20% of indirect deaths are due 
to HIV, with the majority being linked to intravenous (IV) drug 
use.6 A recent survey predicted that 12% of all deaths during 
pregnancy and up to 1 year after delivery will result from an 
HIV-positive pregnancy prevalence rate of 2% and that the 
M M R  will increase to 50% in areas with an HIV-positive preg
nancy prevalence rate of 15%.ZJ

In developed countries, indirect deaths predominate. The 
latest U.K. Confidential Enquiry into Maternal Deaths also 
reported that two thirds of the maternal deaths between the 
years 2009 and 2012 were due to indirect causes. The risk of a 
maternal death in the United Kingdom has significantly fallen 
over the past 10 years from already small numbers. The com
parative U.K. M M R, calculated using W HO methods, is now 
5.35 deaths per 10,000 live births.30 The majority of the reported 
indirect deaths were due to severe medical and mental health 
problems becoming complicated by pregnancy, such as preexist
ing cardiac disease, epilepsy, autoimmune disease, and suicide. 
These causes are now being bolstered by conditions adversely 
affected by poorer lifestyles such as acquired cardiac disease, 
hypertension, type 2 diabetes, liver disease, alcohol and drug 
dependency, and other disorders associated with obesity.30

HEALTH SYSTEM FACTORS
A lack o f health system planning and resources is one o f the 
largest contributors to the continuing pandemic o f maternal 
ill health and mortality. M any women receive no antenatal care

BOX 58-1 BASIC EMERGENCY OBSTETRIC 
NEWBORN CARE
Basic emergency obstetric and new born  care is c r itic a l to  
re d u c in g  m a te rn a l and n e o na ta l d ea th . T h is  care , w h ic h  
can be p ro v id e d  w ith  s k ille d  s ta ff in la rge  o r  s m a ll hea lth  
cen te rs , in c lu d e s  th e  c a p a b ilit ie s  fo r:
• A d m in is te r in g  a n tib io tic s , u te ro to n ic  d ru g s  (o x y to c in ), 

and a n tic o n v u ls a n ts  (m a g n e s iu m  su lfa te )
• M an u a l re m o v a l o f th e  p lacen ta
• R em ova l o f re ta in e d  p ro d u c ts  o f c o n c e p tio n  fo llo w in g  

m is c a rr ia g e  o r a b o rtio n
• A ss is te d  v a g in a l d e liv e ry , p re fe ra b ly  w ith  v a cu u m  

e x tra c to r
• Basic n e o na ta l re s u s c ita tio n  care

Comprehensive emergency obstetric and newborn care, 
ty p ic a lly  d e liv e re d  in h o sp ita ls , in c lu d e s  a ll th e  basic  fu n c 
t io n s  a bove, p lu s  c a p a b ilit ie s  fo r:
• P e rfo rm in g  cesarean  d e liv e ry
• Safe b lo o d  tra n s fu s io n
• P ro v is io n  o f  care to  s ick and  lo w -b ir th w e ig h t n e w b o rn s , 

in c lu d in g  re s u sc ita tio n

at all, and the W HO estimates that only 38% of mothers in 
low-income countries receive the minimum four antenatal visits 
they recommend.31,32 Less than 50% of all women give birth 
accompanied by a skilled attendant, such as a midwife or 
doctor,33 and many lack access to facilities with staff and resources 
capable of providing basic emergency obstetric or newborn care 
(Box 58-1) or to higher level services capable of dealing with 
serious complications or emergencies, such as undertaking life- 
saving cesarean delivery (CD) for mother or child.3'

A recent WHO study showed 54 countries that had CD 
rates lower than 10% , the minimum standard for safe moth
erhood services, and 69 had rates higher than 15% , all unac- 
ceptably high. In 2008, the conservative estimate of the overall 
rate for Brazil was 45.9%, and it was 30.3% for the United 
States, compared with 0.7% for Burkina Faso.35 The study also 
estimated that in 2008, 3.18 million additional CDs were 
needed, and 6.20 million unnecessary operations were per
formed worldwide. The cost of this global “excess” was estimated 
to amount to approximately $2.32 billion, whereas the cost of 
the “needed” CDs globally was approximately $432 million.

A critical lack of skilled staff, such as midwives and doctors, 
is also apparent. It is estimated that the world needs another
350,000 midwives,36 and doctors are also extremely scarce, espe
cially in the unattractive, remote, and poorer areas of already 
resource-poor countries. To help address these shortages, task 
shifting— the transferring of skills and competencies to other 
trained individuals— is becoming increasingly commonplace. In 
some countries such as Mozambique, cadres of ancillary staff 
have been trained as clinical officers— nonphysician clinicians— 
to perform basic life-saving skills and procedures that include 
CD, and the results have been impressive.3

An emerging issue is that of quality of care. To date, much of 
the global effort to reduce maternal mortality has focused on 
increasing access to care; however, the focus is now shifting 
toward improving and standardizing the variable quality of care 
that women receive from the health services they have been 
encouraged to attend. Clinical guidelines and protocols have 
been developed by the W HO and professional associations, and 
the use of maternal death reviews to learn lessons to improve 
care is also having a positive effect.38
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VULNERABILITY AND UNDERLYING SOCIAL DETERMINANTS
The underlying causes of maternal mortality are complex and 
multifactorial. For example, although a mother in a resource- 
poor country may technically be described as dying from a 
postpartum hemorrhage, the true underlying causes may be very 
different. She may have died because she had no care, or because 
she was unable to read the information leaflets about the warning 
signs and when or where to seek help. Care may have been avail
able but beyond her reach physically or financially. Access to any 
form of transport in emergency situations is frequently problem
atic, especially at night. Furthermore, her husband or family 
members may have prevented her from attending care or lacked 
the money to pay the necessary bribes to secure her treatment. 
She may have refused to seek help because she has heard she 
would be slapped, shouted at, or treated disrespectfully in the 
health facility. Or she may have overcome all of these obstacles 
to reach a health care facility only to find poorly trained staff or 
no staff at all and no medicines, blood products, or equipment 
and no one capable of performing her life-saving operation. 
Added to which, she will probably have been in poor physical 
condition and suffering from anemia and other chronic health 
disorders. Thus the stated clinical factors surrounding a maternal 
death provide little or no indication of the underlying causes as 
to why the woman really died. W ithout understanding the 
wider “causes o f the causes,” the barriers to safe maternity 
care cannot be identified and overcome. To help quantify 
these, it is common for those who work in the field o f inter
national women’s health to use the “three delays” model as a 
checklist to help identify the barriers pregnant women 
face.” 40 These barriers may be financial, physical, social, cul
tural, or medical and may be present in the family, the com
munity, or the health care system. These are inextricably 
interlinked, and some examples are given in Table 58-2.

"CAUSES OF THE CAUSES"
A recent report into inequalities in health outcomes in England, 
“Fair Society, Healthy Lives,”41 states that the “causes of the 
causes” are the circumstances and societies in which people are 
born, grow, live, work, and age. Social position, wealth, and 
education help determine each persons health outcomes and life 
expectancy. It estimates that health care services contribute 
only one third to improvements in life expectancy and that 
improving life chances and removing inequalities contribute 
the remaining two thirds. If this is the case in a developed 
country, the ratio of inequalities in resource-poor countries must 
be far higher. Indeed, whether a pregnant woman lives or dies 
is a lottery that depends almost entirely on where she was born 
and lives and in what circumstances. Mothers who die are gener
ally the least visible, most vulnerable, and poorest of the poor. 
Although urban poverty is an increasing problem, most maternal 
casualties tend to live in rural areas and lack both transport and 
access to skilled care in health facilities. They are more likely to 
be illiterate or poorly educated, undertake hard manual work, 
and find themselves almost permanently pregnant. In societies 
where social and economic deprivation is rife, so is the absence 
of laws to protect human rights and promote gender equality in 
places where those women with the lowest educational achieve
ments are at greatest risk.42

The lowly status of girls and women frequently means that 
they receive the last and least of the family food. General mal- 
nourishment, coupled with anemia and micronutrient deficien
cies, leads to chronic ill health and multiple comorbidities such

TABLE 58-2 TH E TH R EE D ELA Y S: EX A M P LE S
OF BAR R IER S TO  SA FE, EFFEC TIV E 
M A T ER N A L CARE_________________________

• Traditional beliefs and practices, use of 
traditional birth attendants

• Lack of education and understanding of need 
for care or warning signs

• Mother is not decision maker
• Mother has no money and no control over 

decisions affecting her life
• Religious custom and practice
• No transport
• No money
• Unofficial bribes
• Services patchy or too far away
• Concerns about physical abuse by staff in labor
• Poor reputation of facilities as “places where 

women and babies die”
• Facilities not equipped to provide basic and/or 

emergency obstetric care
• Lack of suitably trained staff
• Poor clinical practice
• Little or no use of evidence-based protocols 

and guidelines
• Physical and verbal abuse of women in labor
• Lack of blood, medicines, essential equipment, 

and operating theatres
• Frankly harmful care
• Intermittent electricity, water, and so on

Modified from Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc 
Sci Med. 1994:1091-1110.

as malaria, HIV, or tuberculosis (TB). These women have little 
or no control over their health, being dependent on male or 
elder family members to decide whether they should seek care, 
even in emergencies. M any will become child brides, become 
pregnant, and be forced to give up any form of education. 
Female genital mutilation/cutting (FGM/C) is common and 
is associated with a higher incidence of obstructed labor, emer
gency cesarean delivery, fetal distress, obstetric fistula, and per
manent perineal damage.43 All of these factors lead to complex 
pregnancies and higher rates of stillbirth and neonatal death.

WOMEN'S RIGHTS

“Imagine a world where all women enjoy their human rights.
Take action to make it happen. ”

— 1998 United Nations Campaign for Human Rights

A further, critically important reason why global efforts to 
reduce maternal mortality and morbidity have been slow is the 
low value that society, political, religious, community, and 
family leaders have placed on women’s lives. As the father 
o f the Safe Motherhood movement, Professor Mahmoud 
Fathalla, famously said, “Women are not dying o f diseases 
we cannot treat ... they are dying because societies have yet 
to decide that their lives are worth saving.”44

In 1948, the Universal Declaration of Human Rights stated 
that “all human beings are born free and equal in dignity and 
rights.”45 The 1995 UN Beijing declaration on women’s rights 
reported that “the full implementation of the human rights of 
women and of the girl child is an inalienable, integral, and indi
visible part of all human rights and fundamental freedoms.”46 By 
2009, the UN Human Rights Council had acknowledged that 
preventable maternal mortality was a human rights violation, 
and health advocates started using human rights mechanisms to

Delay in seeking 
care

Delay in arriving at 
a place of care

Delay in providing 
appropriate 
quality care
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make governments honor their commitment to ensure access to 
services essential for reproductive health and well-being.

The right to health is a human right, and the health o f a 
nation is determined by the health o f its girls and women.
Healthy women are more likely to fulfill their potential, nurture 
healthy families, and contribute to their local and national econ
omies. Ellen Sirleaf Johnson argued that women’s socioeconomic 
empowerment is essential to achieve better health care outcomes, 
and she ended her 2011 Nobel Prize acceptance speech with a 
challenge: “Nations thrive when mothers survive, we must strive 
to keep them alive.”47

The contribution made by mothers to society is far reach
ing, and countries that fail to protect and promote women’s 
rights have the worst economic, educational, maternal, and child 
health outcomes. The application of human rights shifts the 
understanding of maternal deaths as mere misfortunes that are 
acts of fate into injustices that the state is obliged to remedy. 
Using a human rights approach provides valuable tools to hold 
governments legally accountable to address the preventable 
causes of maternal mortality and to distribute resources and 
medicines essential for reproductive health, such as effective con
traception and misoprostol to reduce postpartum hemorrhage. 
For example, when the Sri Lankan government introduced 
universal education and access to health care, maternal deaths 
declined significantly for little extra cost.48 Political will, literacy, 
and respect for the status and rights of women in society are 
key components for achieving sustainable health improvements.

Nearly 70 years after the Universal Declaration, many women 
still struggle to have their basic rights protected. As recently as 
2013, objections were raised by certain countries and religious 
groups to a potential UN statement reaffirming women’s rights 
to education, contraceptive choices, family spacing, and the 
introduction of declarations against domestic violence, rape, 
child marriage, and FGM/C. Those who objected considered 
that upholding these human rights could destroy society by 
allowing a woman to travel, work, use contraception without 
her husband’s approval, and control her family’s spending. These 
may be extreme views, but there are still far too many countries 
that turn a blind eye to gender inequalities and violence that 
includes child marriage, rape, and FGM/C and who do not 
favor girls receiving primary, let alone secondary, education.

Human rights play an important role in the fight to improve 
the status of women because they embody a shared set of values 
that have been enshrined in law. Infringements can be litigated 
in countries that subscribe to them, but even countries that do 
not often appear to be sensitive to the charge that they are 
infringing the human rights of their population. Where the law 
hinders the use of contraception or does not allow induced abor
tion, health care professionals invariably find it easier to provide 
life-saving interventions if  they can be reassured that they are 
protecting the woman’s right to life, to benefit from scientific 
advances, or to avoid discrimination.

Advocacy for women is an obligation for everyone engaged 
in reproductive health care. This means that all health care 
professionals need to know how to embed human rights 
principles into every aspect o f their delivery o f care. The 
International Federation of Obstetricians and Gynecologists 
(FIGO) women’s sexual and reproductive rights committee has 
developed a comprehensive teaching syllabus that can be adapted 
for use by a wide range of professionals. The clinical knowledge 
and practical skills required to deliver quality reproductive 
health care have been built around a core checklist of 10

health-related human rights. The result is a competency-based 
educational approach that simultaneously advocates for human 
rights and health by developing standards for performance and 
tools for training teachers and students in both the classroom 
and clinical settings. The teaching materials can be freely accessed 
and downloaded from the Global Library of W^omens Medicine 
(GLOWM).48b Experience from the teaching workshops with 
both laypersons and professional audiences confirms that this 
approach shifts the teaching of human rights and women’s repro
ductive health from a marginal to a mainstream position in the 
learning process for all health care professionals.

SEXUAL AND REPRODUCTIVE HEALTH
The lack of universal access to basic sexual and reproductive 
health services is one of the most significant barriers to reducing 
maternal morbidity and mortality globally. As stated at the very 
start of this chapter, but worth repeating here, a recent report 
estimated that i f  all women wanting to avoid pregnancy used 
an effective method o f contraception, the number o f unin
tended pregnancies would drop by 70% , and unsafe abor
tions would drop by 74% . I f these women’s contraceptive 
needs were met, the number o f maternal deaths would fall 
by two thirds, and newborn deaths would decline by more 
than three quarters, and the transmission of HIV from mothers 
to newborns would also be virtually eliminated. Furthermore, it 
was estimated that contraceptive use averted 272,040 maternal 
deaths in 2008 and that meeting unmet need for contracep
tion could prevent an additional 104,000 deaths per year, thus 
preventing a further 29% of maternal mortality. This further 
reduction by about one third if  the unmet need for contracep
tion were met is similar to estimates reported by others,50 and it 
underscores the critical role that access to effective contraception 
plays in preventing maternal mortality and morbidity.

Sexual and reproductive health was formally defined at the 
1994 International Conference on Population and Development 
(ICPD).51 At its core is the promotion of healthy, voluntary, and 
safe sexual and reproductive choices for individuals and couples, 
including decisions about if, when, and with whom to have 
children. It encompasses highly sensitive and important issues 
such as sexuality, pregnancy prevention and abortion, gender 
discrimination, and male/female power relations. Its full attain
ment depends on the protection of human and reproductive 
rights. The conference also adopted the goal of ensuring univer
sal access to sexual and reproductive health as part of its frame
work for a broad set of development objectives and Millennium 
Development Goals (MDGs) and set very similar objectives in 
their Target 5:B.52 Despite these initiatives, an estimated 85 
million unintended pregnancies occurred in 2012.53

Unintended Pregnancy
An unintended pregnancy is one that is mistimed, unplanned, 
or unwanted at the time o f conception, and such pregnan
cies are associated with an array of negative health, economic, 
social, and psychological outcomes for women and children.
In 2012, the global unintended pregnancy rate was 53 per 1000 
women aged 15 to 44, with the highest rates in Eastern and 
Middle Africa (108 each) and the lowest in Western Europe 
(27).1 O f these 85 million unintended pregnancies, 50% will 
end in termination,1 which corresponds to about 1 in 5 of all 
pregnancies and contributes to the pandemic of unsafe abor
tion.61 A further 13% will end in miscarriage, and 38% will
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result in an unplanned b irth.1 Four out of five pregnancies in 
the developing world occur among women with no access to 
modern effective contraception,5'1 but even in settings where 
contraceptive use is comparatively high, unintended pregnancies 
may still occur when the available contraceptive method fails or 
because of poor adherence.

Contraception
Voluntary access to family planning— especially modern, 
effective contraceptive methods for women and men— is 
crucial to directly improving health outcomes and is posi
tively associated with improvements in educational and 
economic status.'*9'50’62’63 The health benefits include sizable 
reductions in maternal, newborn, and child morbidity and mor
tality as well as deaths and complications that arise from unsafe 
abortion.60,49,63 At the household level, improved access to family 
planning services leads to substantial improvements in women’s 
earnings and children’s schooling.62 Nationally, higher levels of 
uptake correlate with lower fertility rates, which enhance eco
nomic growth.62,64 Conversely, high levels of unwanted fertility 
correlate with poverty and inequality.65

Barriers to contraceptive usage can also be categorized accord
ing to the three-delay model described earlier38 and can occur 
at the client, health care provider, and health systems level. 
The most frequently cited reasons for nonuse among women is 
poor understanding of their risk for pregnancy, concerns about 
possible side effects, infrequent sexual activity, service fees, or 
opposition; in the latter, desires of a male partner or religious 
or cultural reasons are cited. Married women may have little 
control over contraceptive decision making, which is particularly 
important when partners differ in their childbearing preferences. 
Unmarried women frequently have to face strong stigma from 
judgmental providers if  they are sexually active, which in turn 
reduces these women’s ability to obtain needed services. At the 
provider level, barriers include lack of knowledge or skills, moti
vation, and bias for or against certain methods, such as intrauter
ine devices (IUDs). Limiting the provision by certain provider 
types also blocks uptake: for example, only allowing doctors to 
insert IUDs or imposing non—evidence-based restrictions on 
when a method can be started, such as commencing only at the 
time of menses. Common health system barriers include inad
equate human and financial resources and a failure to integrate 
family planning with other core services such as maternity and 
child health clinics, delivery, postnatal or postabortion care, and 
HIV services. Access may also be limited through geographic 
constraints and lack of equipment and supplies. Shortages of 
supplies are very common, especially in rural areas. In addition 
to overcoming provider bias, lack of competency, and health 
systems issues, most low-resource settings are still in need of 
educational interventions to increase awareness and understand
ing for the community as a whole, thereby reducing many of the 
existing barriers to effective contraceptive use.

Contraceptive prevalence is typically defined as the percentage 
of women who are currently using, or whose sexual partner is 
currently using, at least one method of contraception regardless 
of the method used; usually, it is reported for married or in-union 
women (women in a stable sexual relationship) aged 15 to 49. 
In recent decades, general increases in contraceptive preva
lence rates (CPRs) have been seen in most areas o f the world, 
and globally, they increased from 53% in 1990 to 57%  to 
64%  in 20 11  through 2012 .66'71 However, CPRs remain 
extremely low in parts of Africa with regional estimates of 32%,

19%, and 15% in Eastern, Middle, and Western Africa, respec
tively,68 giving a rate of 24% to 30% for Africa overall.66'71 Wide 
intercountry variations are also apparent: for example, since 
1990, progress in contraceptive use has been made in Rwanda 
(18% to 50%), Malawi (12% to 45% ), and Tanzania (11% to 
34%); yet in Sierra Leone and Nigeria, the CPRs for 2010 were 
6.7% and 8.6% , respectively.68 In Southern Africa, rates are now 
relatively high at 62%, having risen from 47% , and in Southern 
Asia, rates have risen from 36% to 50% in India and from 34% 
to 61% in Bangladesh; in addition, substantial gains have been 
made in Latin America, where the regional CPR is now 73% .68 
Although high and most stable in Europe and North America 
(72% to 78%), the rates are highest in East Asia, largely attribut
able to China (83% ).68 Nevertheless, the overall global CPR 
remains low, and this is a serious obstacle to further improving 
women’s health.

Unmet need for family planning is typically defined as the 
percentage of women who want to stop or delay childbearing 
but who are not using any method of contraception to prevent 
pregnancy. A more useful definition regards both women who 
use no method or women who use traditional methods as having 
an unmet need for modern methods, not only because tradi
tional methods have high use-failure rates, but also because, 
although some women using traditional methods might choose 
to use these methods, such choices often imply that women 
perceive other options to be unavailable, or are not fully informed 
of contraceptive options.71

The unmet need for contraception is unacceptably high. 
Globally, 222 million women who would prefer and are trying 
to lim it or space their pregnancies are not using contracep
tion.70,71 Around three-quarters of these women live in the 
world’s poorest countries,72 and the unmet need remains greatest 
in sub-Saharan Africa (60%) and West and South Asia (50% 
and 34%, respectively) with disproportionately high levels 
among illiterate, poor, adolescent, and rural wom en.'1’'1"

The postpartum period is crucially important for contra
ceptive intervention because rapid repeat pregnancies are 
associated with poor maternal and infant outcomes. An anal
ysis of data from 27 countries found that 95% of women who 
were 12 or fewer months postpartum did not want another birth 
within 2 years, yet 65% of them were not using contraception.73 
Similarly, although most women being treated for complications 
of induced or spontaneous abortion are in need of effective 
contraception, data from 17 low-resource countries show that 
only 1 in 4 of these women were discharged from care with a 
method in place.'4

Contraceptive Methods
The type of contraceptive method used is also variable, but 
choice is critical in relation to efficacy and continued usage, 
particularly in areas where women find it difficult to attend 
clinics, or where the service is unavailable or lim ited by shortages 
and failure of supplies. Traditional contraceptive techniques 
such as withdrawal and fertility awareness (natural family plan
ning) are the least effective. The emphasis should be on enabling 
women and their partners to have access to a wide range of the 
most effective modern methods. W H O  classifies contraceptive 
methods into effectiveness tiers, which are described in Table 
58-3. The effectiveness of the method is critically important 
for reducing the risk of unintended pregnancy and can be mea
sured either with “perfect use,” when the method is used cor
rectly and consistently as directed, or with “typical use,” which
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TABLE 58-3 EF F E C T IV E N E S S  OF C O N TR A C EP T IV E 
M ETH O D S B A SED  ON T Y P IC A L U SE 

_____________ FAILU RE R A TE S __________________________ _
Tier 1 Methods: The Most Effective, Resulting in Less Than 1 
Pregnancy per 100 Women in a Year
Permanent contraceptive Male and female sterilization 

methods
Long-acting reversible Intrauterine devices (copper bearing or 

contraceptives levonorgestrel [LNG] IUDs are effective
(LARCs) for 5 to 10 years depending on the IUD)

Subdermal implant (progestogen only,
effective for 3 to 5 years depending on the 
implant)

Tier 2 Methods: Result in 6 to 12 Pregnancies per 100 Women in a Year
In jectab le con traceptives 
Progestogen-only injectable contraceptive 

(requires reinjection every 8 weeks 
(norethisterone enanthate [NET-EN]) or 
12 weeks (depot medroxyprogesterone 
acetate, [DMPA])

Oral contraceptives
Combined oral contraceptive pill (COC;

estrogen/progestogen)
Progestogen-only pill (POP)
O ther m ethods
Combined vaginal ring (estrogen/progestogen; 

the ring is left in the vagina for 3 weeks 
and then is not used for 1 week)

Combined patch (estrogen/progestogen; a 
new patch is applied once a week every 
week for 3 weeks and then is not used for 
1 week)

Female diaphragms 
Tier 3 Methods: Result in 18 or More Pregnancies per 100 Women in a 
Year
Shorter-acting methods Condoms (male or female)

of least contraceptive Fertility awareness-based methods
efficacy ____ Spermicides_______________________________

Modified from World Health Organization (WHO). WHO Department of Reproductive 
Health and Research, Johns Hopkins Bloomsbury School of Public Health/Center for 
Communications Programs (CCP). Knowledge for health project. Family planning: a 
global handbook for providers (2011 update). Baltimore/Geneva: CCP and WHO, 2011; 
and Hatcher RA, Trussell J , Nelson AL, Cates W, Kowal D, Policar M  (eds).
C ontraceptive Technology. 20th revised edition. New York: Ardent Media; 2011.

reflects real-world actual use, including inconsistent and incor
rect use.7’

Sterilization, almost exclusively female, is most commonly 
used in Asia and Latin America. IUDs account for a third of 
contraceptive use in Asia and are the most commonly used 
method in some parts.70 Injectables are the most widely used 
methods in sub-Saharan Africa and also in Southeast Asia. 0 Oral 
contraceptives make up nearly half of total contraceptive use in 
northern Africa, whereas male condoms are the most common 
method in Central and Western Africa.

The subdermal implant and IUD are the most effective 
reversible contraceptive methods available and are highly 
suitable for resource-poor countries because they have failure 
rates o f less than 1%  for both perfect and typical use. The 
failure rates for these methods are very low because they do not 
require any additional user intervention. Injectable contracep
tives, oral contraceptive pills, the hormonal patch, and the 
vaginal ring all have failure rates of less than 1% with perfect 
use; however, with typical use, these methods are only 90% to 
94% effective.75 Condoms are 98% effective with perfect use, 
but the method failure rate increases to 18% to 21% with typical 
use.75 Dual contraception is defined as the consistent use of a

condom, male or female, along with a highly effective nonbarrier 
method such as hormonal contraception, the copper-bearing 
IUD, or sterilization. Male and female condoms are the only 
contraceptive methods available that also protect against sexually 
transmitted infections (STIs) and HIV; hence using a dual
contraceptive method should be promoted routinely in areas of 
high STI/HIV prevalence.

Short-acting methods such as condoms and oral and 
injectable contraceptives are the most commonly used 
methods in sub-Saharan Africa despite the fact that perma
nent and LARC methods are much more effective at prevent
ing pregnancy.76'78 A recent modeling study concluded that if 
just 20% of the women in sub-Saharan Africa currently using 
oral contraceptive pills and injectables were to switch to using 
the more effective subdermal implant, 1.8 million unintended 
pregnancies, 576,000 abortions (many of them unsafe), and
10,000 maternal deaths would be averted over 5 years.78 Encour
agingly, efforts to achieve the ambitious goal of the 2012 
London Summit on Family Planning— to enable an additional 
120 million women and girls in the world’s poorest countries to 
access and use lifesaving family planning information, services, 
and supplies by 2020— appears to be gaining momentum.79

In d u ce d  Abortion
Even though deaths from unsafe abortion worldwide dropped 
from 69,000 in 1990 to 47,000 in 2008, the consequences of 
unsafe abortion remain one o f the five leading causes of 
maternal mortality.80 However, although the actual numbers 
may have declined, the proportion of women who die of unsafe 
abortion has remained stubbornly unchanged at around 9% to 
13% of maternal deaths.28,80 Such deaths can be largely pre
vented by the provision of safe abortion services offered by 
trained staff working within an enabling legal framework. Where 
the in-country laws prevent offering this service, many lives can 
still be saved by introducing accessible, nonjudgmental, and 
prompt care for the identification and management of the com
plications of clandestine unsafe abortions. Only 40% of the 
world’s women have access to safe and legal abortion services 
within set gestational limits. Elsewhere, access is either absent 
or is restricted to a lesser or greater degree.81

Globally each year, around 44 million abortion procedures 
take place; about half are unsafe, and the vast majority are due 
to unintended pregnancies.82 Unsafe abortions include those 
undertaken by unskilled providers under unhygienic conditions, 
those that are self-induced by the woman inserting a foreign 
object into her uterus or consuming toxic products, and those 
instigated by physical trauma to a woman’s abdomen.8’ Nearly 
all unsafe abortions (98%), and the deaths that arise as a conse
quence (99.8%), occur in developing countires.83 About two 
thirds of abortion-related deaths occur in sub-Saharan Africa, 
and one third occur in Asia.83 In high-resource regions o f the 
world where safe and legal abortion services are provided, 
deaths are extremely rare.83 The majority of women who seek 
these procedures in resource-poor countries, where it is usually 
illegal, will already have had a number of pregnancies. They 
frequently view their decision to seek an abortion as a last 
resort— a necessary respite from the exhaustion of incessant 
childbearing that has left them in very poor health in addition 
to their family circumstances leaving them with no resources, 
food, or money to care for another child.

Deaths and disability from unsafe abortion continue to occur, 
despite major advances in the availability of safe and effective

Shorter-acting
contraceptive
methods
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technologies for medically induced abortion, which additionally 
reduce operative interventions.84 Complications and causes of 
death from unsafe abortion include hemorrhage, sepsis, and 
peritonitis in addition to trauma to the cervix, vagina, uterus, 
and abdominal organs.85 Apart from the risk of death, one in 
four women who undergo an unsafe procedure— an estimated
5 million each year— are likely to develop temporary or life-long 
disability that requires medical care and includes secondary 
infertility.79’83'86

Induced abortion has existed in all societies since the dawn 
of time, and evidence shows that wherever they live, and whoever 
they are, many women will seek an abortion when faced with 
an unintended pregnancy, irrespective of the legal circum
stances.83,84 For example, the abortion rate of 29 per 1000 
women of reproductive age in Africa, where it is mostly illegal, 
is similar to that of 28 per 1000 women in Europe, where abor
tion is generally permitted on broad grounds but with limits for 
gestational age.81 Where abortion is allowed, very few women 
resort to unsafe practices, and as a result, morbidity and mortal
ity are extremely low. When made legal, safe and accessible, 
women’s health improves rapidly. In South Africa, for example, 
the annual number of abortion-related deaths fell by 91% after 
the liberalization of the abortion law in 1996.87 W hen provided 
in a safe environment by properly trained providers, abortion is 
one of the safest medical procedures.83

Reducing the number of unsafe abortions or promptly iden
tifying and managing their complications are global health pri
orities. Universal access to legal, safe services for all women is 
unlikely to be achieved because of the diverse moral, religious, 
and other contextual issues. It is a highly divisive subject with 
no easy answers. Nevertheless, whatever stance is taken at a 
personal, national, or legal level, helping women who are suffer
ing and dying of the complications of unsafe procedures must 
be part of all programs designed to reduce maternal deaths and 
disabilities. The first step is to accept that this key health issue 
should not be swept under the carpet as an inconvenient truth. 
The second is to develop a program for the management of 
complications through evidence-based and nonjudgmental 
national strategies such as the one published in Kenya in 2012 
by the M inistry of Medical Services.88 Bringing the issue of 
abortion out into the open and acknowledging the problem will 
go a long way in helping to save lives.

Improving Reproductive Health and 
Well-Being of All Mothers
Despite intense efforts at many levels, improving the acces
sibly and quality o f care for all o f the world’s mothers and 
babies remains a monumental task. Progress has been made, 
however, in that maternal deaths rates fell 45%  between 
1990 and 2013  globally. However, in  many pockets o f 
the world, rates continue to stagnate or rise, such as in the 
United States.6 The international spotlight shone brightly on 
the problem when Millennium Development Goal 5, agreed to 
by all UN member states in 1990, challenged low- and middle- 
income countries to reduce their maternal mortality by 75% by 
2015, but now that time has come, and the targets— perhaps in 
hindsight too ambitious— remain largely unmet.52,89 The UN 
has now agreed to new targets, the Sustainable Development 
Goals, and as currently drafted under Goal 3, “To ensure healthy 
lives and promote well-being fo r  all at all ages, ” they propose that 
by 2030, the overall global M M R should be reduced to less than 
70 per 100,000 live births, and preventable neonatal deaths

should be eliminated.90 These hugely challenging targets will not 
be met unless action is taken at all levels, and in all sectors, to 
implement the necessary and fundamental changes that have 
been described in this chapter. A recent report estimated that 
increased coverage and improvement in the quality o f mater
nity services by 2025 could avert 71%  o f neonatal deaths, 
33%  o f stillbirths, and 54%  o f maternal deaths at a cost of 
$1928  for each life saved.11 Furthermore, is estimated that 
contraceptive use averted 272,040 maternal deaths in 2008 and 
that meeting unmet need for contraception could prevent an 
additional 104,000 deaths per year.49

Making health care welcoming and accessible to all women 
through improving transport links and elim inating or reducing 
user fees, scaling up the number of health facilities capable 
of providing basic emergency and comprehensive emergency 
obstetric and neonatal care, and increasing the numbers facilities 
with caring, well-trained midwives, doctors, and other health 
workers is essential. Developing a culture of quality care must 
accompany the implementation of appropriate clinical guide
lines and protocols, which the W HO and others have already 
produced, and audits and reviews must be used to assess progress 
and identify and rectify problems that may be identified. 
Improving communications and providing a woman with holis
tic and comprehensive coordinated care during the continuum 
of her pregnancy— preconception, antenatal, intrapartum, and 
postnatal care along with postpartum family planning—will also 
prove crucial. Apart from addressing the clinical quality of care, 
well-conducted maternal or perinatal death or morbidity reviews 
also provide in-depth evidence of the underlying reasons why 
mothers may be dying. Here, their results help not only in the 
development of accessible maternal and reproductive health ser
vices but also with improvements to education and human 
rights.

Sustained pressure and advocacy for beneficial change, 
together with leadership and realistic and practical policies, 
are required from world leaders and influences, the UN, 
other international organizations, nongovernmental organiza
tions (NGOs), national governments, and national and local 
policymakers. Ministers of finance, law, education, transport, 
and health all need to play their part through enacting human 
rights legislation, promoting and funding education for girls, 
and providing better transport links and more medicines, com
modities, and other supplies. Essential drugs such as magnesium 
sulfate are often unavailable or in very short supply, as are blood 
and fluid replacement, equipment, laboratory reagents, and even 
generators and clean water. Ministries of health can supply more 
and better equipped facilities capable of providing care at all 
levels, and they can create training schools for the extra mater
nity staff so badly needed in most of the world.

National and local professional associations and individ
ual health care workers can improve the quality o f care they 
provide through the use o f evidence-based practice and the 
development o f situationally appropriate clinical guidelines 
and technologies. They can also ensure continual professional 
updating and training. Until such time as there are enough 
midwives and doctors, intermediate-level health care workers 
trained to undertake tasks traditionally performed by doctors 
play an invaluable role. A functioning health system also requires 
an efficient system of communication, referral, and transport. 
Underpinning and facilitating all of this work should be a sup
portive national legal and ethical framework that includes poli
cies that strive for equality in women’s rights. This is not
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BOX 58-2 TWELVE PROPOSITIONS FOR SAFE 
MOTHERHOOD FOR ALL WOMEN

1. A woman's life is worth saving.
2 . G irls should have equal access to food, education, 

health care, and life opportunities as their brothers.
3 . Young girls should not be subject to violence 

including rape, FGM, and child marriage, and women 
should not suffer violence in any form.

4 . Women should have an equal say in decisions that 
affect their own and their children's health and 
well-being.

5 . All women must have the basic human right to control 
their own fertility and reproductive health and plan 
and space their pregnancies.

6 . Pregnancy must be a voluntary choice.
7 . Maternity is special and every society has an 

obligation to make it safe. Safe motherhood is a basic 
human right enshrined in UN statute.

8 . All pregnant women must have access to antenatal/ 
prenatal, birth, and postnatal care as described by 
WHO and other organizations.

9 . All deliveries must be assisted by skilled birth 
attendants.

10. All women must have access to quality life-saving 
comprehensive emergency obstetric care if needed.

11 . Care must be free or affordable. There should be no 
bribes or "unofficial" fees.

12 . All women should be treated with dignity, respect, and 
compassion.

Modified from  Fathalla M. Ten propositions fo r safe motherhood fo r all 
women. From the Hubert de W atteville Memorial Lecture. Imagine a 
w orld  where m otherhood is safe fo r all wom en— you can help make it 
happen. In t J  G ynaecol Obstet. 2011;72(3):207-213.

universal. Professor Mahmoud Fathalla once proposed ten steps 
for safe motherhood, which have been updated and adapted for 
this chapter.92 These are listed in Box 58-2, and if  accepted by 
the world’s leaders, policymakers, and influencers, the world 
would be a far safer place for pregnant women and their unborn 
children.

MAJOR OBSTETRIC COMPLICATIONS: 
PREVENTION AND MANAGEMENT IN 
RESOURCE-POOR COUNTRIES
The major complications of pregnancy are similar throughout 
the world. The outcome for individual women depends upon 
the care received and the capacity of the local health systems to 
respond to their needs. Where comprehensive emergency obstet
ric care is lacking, which includes staff and facilities for cesarean 
delivery, severe morbidity or death results from prolonged 
obstructed labor and/or fetal distress and life-threatening 
hemorrhage.93

Postpartum Hemorrhage
The commonest cause of postpartum hemorrhage (PPH) is 
uterine atony. As discussed in Chapter 18, the risk is highest in 
mothers with multiple pregnancies, prolonged/obstructed labor, 
preeclampsia/eclampsia, large uterine fibroids, and grand multi
parity (five or more previous deliveries). In resource-poor set
tings, intrapartum and postpartum hemorrhage continues to be

the leading cause of maternal mortality, accounting for 27% of 
deaths.94

For many pregnant women already suffering from severe 
chronic anemia due to malnutrition, micronutrient defi
ciency, sickle cell disease, malaria, or helminthic infections, 
even a blood loss o f 500 mL at delivery can compromise their 
already challenged hemodynamic state and can result in 
hypovolemic shock. The prevention or early detection of bleed
ing and the aggressive use of methods to reduce blood loss are 
essential. However, blood products and storage facilities are 
often unavailable,95 and in an emergency situation, when blood 
is usually obtained from family members or donors, it is rarely 
screened for infection and may be diluted with dirty water.

Uterine bimanual massage and uterotonic drugs, if  available, 
should be started at the first sign of atony. Compared with 
placebo, prophylactic oxytocin decreases PPH greater than 
500 mL and reduces the need for therapeutic uterotonics."’ It is 
also associated with fewer side effects, specifically nausea and 
vomiting, and evidence is limited to suggest that prophylactic 
oxytocin is superior to ergot alkaloids for the routine prevention 
of PPH. However, once an oxytocic agent has been given, oppor
tunity is limited for further reduction in postpartum blood loss 
with its use.9

Misoprostol, a synthetic prostaglandin E l analogue, plays a 
key role in the management of miscarriage.18 Unlike oxytocin, 
it is low cost, stable at high temperatures, not degraded by 
ultraviolet light, and can be used orally or rectally, which makes 
it particularly useful in areas where skilled health care providers 
and resources are less available. Recent studies indicate that 
misoprostol distributed antenatally can be used accurately and 
reliably by rural Ghanaian and Liberian women after delivery 
and should be more widely implemented in other countries with 
high home birth rates.99,100 Using Misoprostol for PPH preven
tion appears acceptable to women, but community-based strate
gies will be needed to increase distribution rates. However, 
conventional injectable uterotonics are still preferable to either 
intramuscular prostaglandins or misoprostol for the manage
ment of the third stage of labor, especially for low-risk women.101

In cases of persistent PPH, aggressive measures to minimize 
blood loss and secondary infection should be taken, but the 
availability of facilities and skilled staff to perform balloon tam
ponade and surgical compression sutures is limited. In facilities 
unable to provide emergency care, low-technology compression 
devices can help to stabilize a hemorrhaging mother long enough
for her to reach a hospital equipped to provide comprehensive

34emergency services.

Preeclampsia/Eclampsia
Hypertensive disorders o f pregnancy account for 14%  o f 
global maternal deaths28 and are the leading cause o f death 
in some urban areas in low-income countries.10' They fall 
into four categories: (1) chronic hypertension, (2) gestational 
hypertension or pregnancy-induced hypertension (PIH), (3) 
preeclampsia/eclampsia, and (4) preeclampsia superimposed on 
chronic hypertension (see Chapter 31).

Preeclampsia and eclampsia are associated with extremes of 
maternal age (under 17 and over 35 years), nulliparity, multiple 
pregnancies, preexisting hypertension, preeclampsia in a previ
ous pregnancy, poor socioeconomic circumstances, and illiter
acy.103,101 The increased susceptibility for indigenous African 
women and blacks living in North America appears to be inde
pendent of socioeconomic status and is likely due to biologic or
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genetic factors.105,106 However, even in developed countries, 
identifying women at risk can be difficult.107 Limited access to 
antenatal care, little or no screening for high blood pressure and 
proteinuria, and the wide variations in access to antihypertensive 
drugs coupled with poor maternal understanding of the signs 
and symptoms and the need to seek immediate care all help 
explain the higher mortality from eclampsia in many low- to 
middle-income countries. Severe morbidity increases eightfold 
in women with preeclampsia, and it increases sixtyfold after an 
eclamptic seizure,103 but the life-threatening neurologic compli
cations and wider organ dysfunctions are reversible if  adequate 
treatment is started in time. Magnesium sulfate is the drug o f 
choice but is not available in many developing countries. A 
recent systematic review o f the use o f magnesium sulfate in 
low- and middle-income countries found that the majority 
o f women receive less than optimal dosages, usually due to 
concerns about maternal safety and toxicity, cost, or available 
resources.1118

Training health care and community workers and raising 
awareness in pregnant women about the signs and symptoms of 
preeclampsia is essential. Recent evaluation of a clinical model 
and algorithm in low-income countries has shown a reasonable 
ability to identify women at increased risk of adverse maternal 
outcomes associated with hypertensive disorders.103 Further
more, a training intervention for health care providers to use an 
evidence-based protocol for the treatment of preeclampsia and 
eclampsia has been shown to be effective in reducing the associ
ated case fatality rate.109

Sepsis
In the nineteenth and early twentieth century, puerperal sepsis 
was the major cause of maternal death in industrialized coun
tries; but improvements in hygiene and sanitation, together with 
the introduction of antibiotics after the Second World War, 
resulted in its rapid decline.110 Nevertheless, perinatal infection 
still underlies 11%  o f maternal deaths and 33%  o f neonatal 
deaths globally. 2,v 111 Poverty contributes significantly to these 
poor outcomes with clear evidence of an association between 
poor sanitation, limited access to clean water, and maternal 
death.112 Ignorance of both the causes and need to prevent 
puerperal sepsis is widespread, and in some communities, people 
still believe illness is due to evil spirits.113

For the 50% of women globally who deliver at home attended 
only by a female relative or untrained traditional birth attendant 
(TBA), infection is an ever-present danger. Harmful practices 
are common, such as cutting the cord with broken glass and 
dressing the stump with cow dung, and despite immunization 
programs, neonatal tetanus is a frequent problem. Once infected, 
mothers and babies often lack access to transport, and if  they 
reach a care facility, they frequently find that essential resources 
such as antibiotics are unavailable.

The WHO guidelines on “the five cleans” needed during 
delivery111 have led to the introduction o f clean birth kits 
that contain soap, plastic sheeting, gloves, sterile gauze, a 
razor, and cord ties for use at home births.115 These simple 
kits have achieved a relative reduction in neonatal mortality, 
particularly in rural areas of developing countries.116 However, 
wider interventions that included a skilled birth attendant in the 
intervention were associated with a greater and more significant 
reduction in neonatal mortality, omphalitis, and puerperal 
sepsis.117 It is therefore considered best practice to provide safe 
birth kits in the hands of skilled attendants.

Human Immunodeficiency Virus and Malaria
Pregnant women infected with HIV and/or Plasmodium fa lc i
parum  malaria suffer higher complication rates. The M M R for 
HIV-infected women increases tenfold118 because their immu
nodeficiency places them at greater risk of dying of pregnancy- 
related sepsis. A recent review estimated the excess mortality 
attributable to HIV among pregnant and postpartum women 
to be 994 per 100,000 pregnant women.29

The maternal immune response to malaria is also altered 
by pregnancy, and the most serious complications— including 
cerebral malaria, hypoglycemia, pulmonary edema, and severe 
hemolytic anemia— are more common. Approximately 40% of 
the world’s pregnant women are exposed to malaria infection, 
and primigravidae are more likely to develop severe maternal 
anemia and to have low birthweight babies than multigravi- 
dae.119 The fetal and perinatal loss may be as high as 60% to 
70% in nonimmune women who contract malaria, and an addi
tional 100,000 infant deaths in Africa result from malaria- 
induced low birthweight in babies.120 Malaria infections among 
pregnant women are less common outside Africa but are more 
likely to cause severe disease, preterm births, and fetal loss. HIV 
increases the risk of malaria and its adverse effects, and women 
with both infections are at particular risk o f adverse birth 
outcomes.121

Obstructed Labor and Obstetric Fistula
Worldwide, obstructed labor occurs in an estimated 5% of 
live births and accounts for 8% o f maternal deaths.122 In sub- 
Saharan Africa and parts of Asia, as many as 2 million young 
women are affected and 50,000 to 100,000 new cases occur 
every year.123,124 Obstructed labor, or “failure to progress,” with 
or without fetal distress is the main indication for emergency 
CD worldwide.125 The problem can be prevented by using a 
partogram routinely in labor and by resorting to early operative 
delivery when progress is slow. The partogram is a cheap, graphic 
record of cervical dilation against time in labor; this simple 
monitoring tool swiftly identifies when a labor is becoming 
prolonged, thereby avoiding the development of obstetric fistu
lae and death from a prolonged obstructed labor or a ruptured 
uterus.126 Despite strong advocacy by the W HO and other 
health care agencies, the global use of partograms is extremely 
poor, and some senior clinicians wrongly assert that completing 
the monitoring paperwork is unrealistic for already overworked 
midwives and doctors.

Obstetric fistulae can occur at any age or parity but are most 
common in first births, particularly in young girls with a poorly 
developed pelvis. They are a direct consequence of prolonged 
obstructed labor where the pressure of the impacted fetus leads 
to the destruction of the vesicovaginal/rectovaginal septum with 
subsequent loss of urinary and/or fecal control.12 12h They can 
also be due to trauma at the time of pelvic surgery or as a result 
of rape, and in parts of Africa, some 15% of cases are caused by 
harmful female genital mutilation/cutting (FGM/C) before or 
during labor by unskilled birth attendants.129 The tragedy is that 
obstructed labor and obstetric fistulae are largely avoidable; a 
summary of the preventive measures, as described by the WHO, 
is shown in Table 58-4.

Obstetric fistulae are highly stigmatizing, and affected 
women who constantly leak urine and fecal matter frequendy 
become social outcasts. Unlikely to have further children or 
find employment, they are regarded as worthless to their families 
and are frequently rejected. Specialist fistula repair centers and
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TABLE 58-4 PREVENTION OF OBSTETRIC FISTULAE________________________________ _______________________

1207

TYPE

Primary prevention 

Secondary prevention

Tertiary prevention

WHEN

Before pregnancy 

During pregnancy

During and after 
delivery

W HAT

• Eliminate female genital mutilation, early marriage, and early childbearing
• Pregnancies are planned
• Skilled antenatal care
• During birth, awareness of signs and symptoms of impending fistula such as prolonged 

labor and the need to seek care
• Manage prolonged labor (“Do not let the sun set twice on a laboring woman”*)
• Easy and early access to facilities equipped to manage essential obstetric care including CD
• Monitor every labor using partogram to identify women at risk or to monitor those who 

develop obstructed labor and refer immediately if  CD cannot be done in the current facility
• Use of indwelling catheters to help enable spontaneous closure of small fistulae in mothers 

who have survived an obstructed labor
Encourage such women to seek skilled care during next pregnancy and delivery

Modified from Lewis G, de Bernis L. O bstetric Fistula: G uid ing P rin ciples f o r  C lin ica l M anagem en t a n d  P rogram m e D evelopm ent. Geneva: World Health Organization; 2006.
* Kenyan proverb.
CD, cesarean delivery.

the training of local surgeons to perform simple repairs helps to 
restore function, fertility, and dignity to these women, but such 
services are still beyond the reach of most fistula sufferers.

Cesarean Delivery
Cesarean delivery rates in many resource-poor countries remain 
much lower than the 10% to 15% cited by the W H O  as their 
target in 1985.130 In other countries, the rate continues to rise 
above unacceptably high levels, particularly in private hospi
tals. In 2008, the WHO estimated an overall rate o f 45.9%  
for Brazil, 30.3%  for the United States, and only 0.7%  for 
Burkina Faso; this equates to 3 .18  million CDs that should 
have been performed, and 6.20 million performed unneces
sarily.35 The cost of the global “excess” of CD was estimated 
to be $2.32 billion, whereas the cost of the global unmet need 
for CD is a mere $432 million.35 This excess of CD is due to 
maternal request, increasing maternal age, obesity, poor clinical 
acumen, risk-averse behaviors, and fear of litigation.131 However, 
it is not an operation without sequelae, and the rising incidence 
of PPH due to placenta increta and/or placenta accreta involving 
a previous CD scar has risen significantly, as demonstrated by 
research, in the United Kingdom.132

As with all surgical procedures, the benefits and risks must be 
carefully assessed for both mother and baby. A mother can die 
of hypovolemic shock after a technically successful CD with 
average blood loss if she is dehydrated, severely anemic, and 
unable to cope with an operative insult. If the local health care 
facility is poorly equipped with no access to emergency resuscita
tion, blood transfusion, or anesthesia, it may be preferable to 
delay the CD until transfer to a safer facility can be arranged. 
However, significant delays in the second stage of labor leads to 
additional complications that include increased likelihood of 
hemorrhage, extension of the surgical incision into the vagina 
or uterine arteries, sepsis, and fistula development.

PRACTICAL ADVICE ON VOLUNTEERING 
TO WORK OVERSEAS
M any health professionals wish to “give back” to the most vul
nerable of the world’s citizens; for some, offering their skills 
in-country is becoming an increasingly popular option. Some 
choose to work abroad to add experience to their curriculum 
vitae or when applying for university or higher training, whereas 
others wish to undertake research or practice their clinical skills.

A growing trend is also to participate in teaching and/or bilateral 
sustainable support programs in a needy facility organized by 
their local institutions. Partnering among universities, hospi
tals, and medical and midwifery schools is also becoming more 
popular and is a good way to ensure a constant supply of teachers 
and clinical staff upon which the host institution may have come 
to rely. Volunteers also play a key role in “training the train
ers”— that is, enabling cadres of local staff to act as ongoing 
trainers in their own country. However, whatever the reasons, 
volunteering only benefits the local population if  the placement 
is carefully planned, leads to sustainable improvement, and is 
undertaken with care and understanding.

Well-organized trips conducted sensitively with respect for 
the mothers, health care workers, and local cultures can be 
life-enriching experiences for all concerned and yield life
long benefits. However, this is not always the case; at its worst, 
the arrogant, dismissive, or critical behavior of some volunteers 
has given so called “volunteerism”133 a bad reputation locally. 
Concern exists that such initiatives can lead to exploitation and 
harm, particularly when projects are only focused on meeting 
the volunteer’s needs or undertaking research that will not 
benefit the local community. Indeed, in some parts of Africa, 
what is now referred to as “extraction tourism”— in which only 
the temporary visitor seems to benefit, often leaving a worse 
situation and unpleasant feelings behind— is so bad that volun
teers are no longer welcome.

For staff working within already well-established exchange 
schemes, the knowledge of how to prepare and behave should 
have already been explained, and initial local difficulties have 
been overcome. However, for others working alone or with small 
organizations, knowing what to expect and how to plan and 
conduct the placement is the subject of this section.

In summary, the key personal qualities for working abroad 
include:

1. Compassion and respect
2. Humility and honesty
3. High ethical and moral standards
4. Acceptance of the community and its values and a willing

ness to behave in a culturally appropriate manner
5. Commitment to promote the welfare of the community you 

serve first and putting their needs before your own
6. Ability to practice and teach the highest quality evidence- 

based medicine using sustainable drugs and equipment 
appropriate for the local circumstances, which will be
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available after your departure and, in the case of machinery, 
will include a source for spare parts so the equipment can 
be repaired

7. An openness and willingness to learn from local staff, who 
will have much to teach and share

8. A dedication to ensuring sustainability
9. The ability to resist being openly critical of the lack of 

resources and poor infrastructure, saying how much better 
things are at home (staff and patients are ail too aware of 
this)

10. The integrity to follow the same ethical principles you 
would adhere to in your own institute or country (for 
research, this is crucial)

Although these principles may seem glaringly obvious, experi
ence has repeatedly shown that failure to follow such simple 
guidelines can lead to disappointment and frustration on all 
sides.

Respect
The health staff you will work with and the mothers, babies, 
and communities you will care for are no different than any
where else. Even though they may be poor beyond imagina
tion, perhaps have inexplicable customs, and cannot speak 
your language, each deserves as much respect as you would 
give all your patients or colleagues at home. They are generally 
living lives so hard as to be unfathomable, and this deserves 
recognition, admiration, and compassion. Try to learn a few 
words of their language, and treat everyone with dignity and 
respect. Learn about social customs and taboos so you do not 
inadvertently offend.

Realism
Do not have unrealistic expectations about what can be achieved 
in the time available to you. In most countries, it takes far longer 
to organize things, and wheels turn very slowly Often, a lot of 
bureaucratic red tape and delay intervenes both before leaving 
and while in-country. Start organizing your trip months before
hand, and obtain the necessary permissions before you leave. 
Visas, too, can take time.

Remember that you will not be the first or last volunteer. 
Volunteering is a growing business, and some popular facilities, 
like the base camps of M t. Everest, can become very over
crowded. In some areas, numerous NGOs or other organizations 
have been seen running the same type of program without joint 
preplanning or teamwork. This lack of coordination is at best 
ineffective, and at its worst, disastrous, because it leads to confu
sion among volunteers and staff, duplication of work, and the 
waste of very scarce resources. If you wish to work in a particular 
place, always check who is working there already and contact 
them. Check with the hosts to see if  you would really be 
welcome, and be sure they are not just being polite to a request 
from someone they do not know. Rather than just trying to do 
what you think will help, ask the local staff what would help fill 
service gaps for them.

Also, be aware that health facilities are generally chronically 
and completely understaffed with only one or two midwives or 
doctors to care for numerous patients, at best. As such, they will 
have little time to teach and nurture inexperienced volunteers 
because they take up crucial time that could be spent with 
patients. The paradox is that in wishing to please, they will be 
polite and may spend too much time with you and not their 
patients. Such volunteers would probably do better by joining

an already well-established program that can accommodate 
and acclimatize them. Some larger programs hold predeparture 
training workshops. In these sessions, be honest about your skills 
and abilities, and consider how much supervision you would 
need; then choose your options carefully. You may be welcome, 
but you will need to be able to step in immediately and pull 
your own weight rather than becoming an additional burden on 
an already overstretched staff.

Health Care Staff
The staff you will work with invariably will work longer hours, 
in far worse conditions, and for far less pay than you. Sometimes 
they work with no pay at all if  money in the health center is 
limited for a while. In addition, they are rightly proud of what 
they can achieve with so very little. Although everyone is almost 
always polite, talking about your own salary or showing large 
amounts of money is insensitive. However initially surprised or 
shocked you may be, do not be critical of the facility, lack of 
resources, or age or type of equipment available. The staff will 
already be acutely aware of the limitations and will be proud of 
the innovative local solutions they may have devised to the best 
of their resources and ability. Although they will have been 
trained in a variety of institutions, with different knowledge and 
skills, they w ill most certainly be more able than you to under
take more complex operations under challenging conditions 
until you, too, have become expert in their art. Examples of this 
could include complex fistula repair or even the simple repairs 
done by the trained former patients of the Addis Ababa Fistula 
Hospital.

Midwives are the backbone o f most maternity services 
around the world and are widely respected and generally 
highly competent. Do not underestimate their abilities. They 
are specialists in “normal” deliveries, and in many places, includ
ing the United Kingdom, they teach medical students and junior 
residents crucial obstetric skills. In European countries, some 
work as independent autonomous practitioners. In the United 
Kingdom, midwives are present at every birth, and over 65% of 
women are delivered with their assistance alone. Either indepen
dently or working within a multidisciplinary team for higher 
risk pregnancies, their skills help improve maternal health care; 
the latest direct-cause maternal mortality ratio for the United 
Kingdom, 5-4 per 100,00 live births, is one of the lowest in the 
world.10 Other countries with very low death rates are also char
acterized by the inclusion of their own midwives. They are highly 
skilled in managing the normal and knowing when to refer for 
help; the maternal mortality rates in these countries are the 
lowest in the world. Experienced midwives who work in 
resource-poor countries will have seen and managed more sick 
women than most obstetricians in a lifetime. They work without 
the resources taken for granted elsewhere. A number have a wide 
variety of other skills, and in certain places—with training, for 
example— they even undertake cesarean delivery, symphysiot
omy, and simple fistulae repair. However, there are far too few 
midwives, and they are often vastly overworked with intolerably 
high caseloads and very long shifts. One midwife in a labor ward 
with 50 or more women is not unusual. Some adopt the babies 
of mothers who have died, and most are pillars of their com
m unity All w ill have much to teach you.

In many low-income countries, only a few specialists in 
obstetrics and gynecology work in the public sector; other health 
care professionals such as family doctors, medical or clinical 
officers, or operating theater assistants are trained to perform
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many routine procedures. In obstetrics, this involves training 
staff in the competencies to undertake some work traditionally 
done by maternity health care professionals, doctors, midwives, 
and nurses—so-called task shifting.134 To meet the crisis in 
human resources all across the developing world, low- and 
mid-level workers are expanding their skills and taking on 
new roles according to the competencies in which they have 
been trained and are able to master.

Research
Visitors who plan research activities in a foreign country must 
only undertake these having first obtained national and local 
ethics committee approval. This can take months, and the 
process w ill vary according to local laws. Additionally, the rules 
in their own institution and country must be followed. If 
required, consent forms should be obtained from all study par
ticipants, having first clearly explained the process in their own 
language. If a research project is performed in a country with 
no ethics committee or institutional review board or similar 
body, researchers should ensure their proposed study adheres to 
the World Medical Association Declaration of Helsinki.135

Research projects should also only focus on interventions that 
could benefit the women, babies, or communities under consid
eration. It is not moral or ethical to test drugs, equipment, 
supplements, vaccines, and so on that will be so expensive as to 
be unavailable to the women who were the research subjects.

Because of their punishing workload, health care staff in low- 
income countries have little or no time to prepare papers for 
publication. However, local researchers should be encouraged 
and helped to write and author papers, be first author where 
appropriate, and present their findings at local and international 
conferences. This not only recognizes their contribution and 
benefits their careers, it also adds to their knowledge base; such 
local experience is invaluable when planning appropriate and 
effective interventions. This support for local doctors is becom
ing an increasing requirement of those who fund medical and 
other research programs.

Predeparture Preparation
The following list, although not exhaustive by any means, should 
help you to start your preparation. Although some general 
pointers are always helpful, issues specific to the location may 
apply that you will need to identify and understand. Your hosts 
can help you in this, but remember: you are ultimately respon
sible for your health and well-being while in a volunteering 
program.

Thoroughly research the country and institutions you are 
planning to visit well in advance of leaving. Apart from general 
background, read any WHO, UN, World Bank, and other 
institutions’ in-country fact sheets on the general health o f 
the population as well as in your specific area. Talk with 
ex-volunteers and find out their practical tips.

Try to arrange an orientation session about your placement. 
If it is with a large organization, they may invite you to attend 
a predeparture meeting to discuss practicalities and your respon
sibilities. If they are abroad, social media such as Skype are 
extremely helpful.

Learn about requirements for local medical registration and 
arrangements for medical indemnity. Ask for their safety briefing 
packs, and obtain key contact numbers.

Ensure that your passport is valid for at least 6 months beyond 
the intended length of your entire stay, including any vacation

time at the end. Check visa requirements well in advance of your 
departure by contacting the Embassy or High Commission for 
the country you are visiting. This may take a long time to 
complete.

Evaluate your budget. If not provided for you, the cost of 
subsistence is usually very low, but the cost of accommodation 
may vary widely. Ask your hosts for their recommendations. 
Factor in costs for a comprehensive package of personal insur
ance for health, travel, and loss of possessions.

Consult an established travel center concerning vaccinations 
and malaria prophylaxis at least 6 months before you travel. 
Some vaccines, such as against yellow fever, are compulsory to 
enter many sub-Saharan African countries. The availability of 
postexposure prophylaxis for HIV is essential in many countries, 
and you may need to take these supplies with you. Also arrange 
to take supplies of any essential drugs you personally need 
because they are unlikely to be widely available elsewhere. You 
may need to bring these into the country with a letter or con
firmatory prescription from your physician.

Contact your licensing body for advice on maintaining your 
medical licensure and indemnity at home during your place
ment. Allow yourself maximum time to gain medical registra
tion within the country you are visiting because this can be time 
consuming.

You will need to protect your pension and take precautions 
for every eventuality. Research the best options for life insurance.

You will also wish to consider whether you will be taking any 
drugs or equipment with you and, if  so, be sure that you are not 
at risk of contravening local customs and excise regulations and 
such. You should check this with your sponsor and on the rel
evant Web sites.

It is beneficial to arrange for two mentors, one in-country and 
one at home, to support you. Ask your sponsors to arrange an 
in-country mentor. Your hospital, professional association, or 
medical school may be able to put you in touch with colleagues 
who have experience working in the country and who may be 
prepared to mentor to you while you are away.

As soon as you arrive, it is essential that you register with the 
embassy or foreign office of your home country so that they are 
aware that you are there should there be any emergencies. Many 
of these organizations use Twitter or other social media to give 
regular updates of the current political and security climate. 
Maintain regular contact with your organizing institution and 
with your mentors.

Keep a diary, take photographs (with permission), and also 
relax, have fun, make new friends, and enjoy your new 
environment.

KEY POINTS

♦ Every day, 800 women die as a result of pregnancy or 
childbirth, and an additional 16,000 develop severe and 
long-lasting complications.

♦ Every day, 8000 newborn babies die and 7000 are still
born, and more than half of these deaths are from 
maternal complications.

♦ Adolescent pregnancies account for 11 % of all births 
worldwide, and these young girls and their babies are at 
far higher risk of death and complications than other 
mothers.
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♦ O f all the maternal and neonatal deaths worldwide, 
99% take place in developing countries.

♦ The leading obstetric causes of maternal death in devel
oping countries are hemorrhage, puerperal sepsis, 
preeclampsia, unsafe abortion, obstructed labor, and 
embolism. HIV causes a growing number of deaths in 
countries where it is endemic.

♦ If all pregnant women and their babies could access the 
maternity care recommended by the W HO , the annual 
number of maternal deaths would fall by two thirds— 
from 290,000 to 96,000—and newborn deaths would 
fall by more than three quarters to 660,000 each year.

♦ If all women had control over their fertility and could 
access effective contraception, unintended pregnancies 
would drop by 70%, and unsafe abortions would drop 
by 74%.

♦ Apart from a lack of skilled health care and other 
resources, the quality of the care provided also varies 
widely. The clinical guidelines and protocols set forth 
by the W HO and professional organizations need to be 
urgently implemented, and their uptake audited, in 
developed as well as in developing countries.

♦ Safe motherhood for all women is enshrined as a basic 
human right by the United Nations, yet many societies 
have yet to recognize and address this, and they fail to 
provide the necessary resources to provide adequate 
reproductive health, maternity, and newborn care or to 
enact and enforce laws to support equality for women 
in all aspects of their life, which includes abolition of 
child marriage and other harmful traditional practices.

♦ A woman’s life is always worth saving.

Acknowledgment
The section on the United States was written with assistance by 
W illiam Callaghan, MD, MPH, chief of Maternal and Infant 
Health Branch, Division of Reproductive Health, Centers for 
Disease Control and Prevention, and in collaboration with the 
American College of Obstetricians and Gynecologists.

REFERENCES
1. Singh S, Darroch JE, Ashford LS. A dding It Up: Costs a n d  Benefits o f  

In vesting in Sexual a n d  R eproductive Health. New York: Guttmacher Insti
tute and United Nations Population Fund; 2014.

2. World Health Organisation (WHO). The World Health R eport2005. Avail
able at: <www.who.int/whr/2005/en>.

3. Hardes K, Gay J, Blanc A. Maternal morbidity: neglected dimension of 
safe motherhood in the developing world. Glob Public Health. 2012; 
7(6):603-617.

4. United Nations Children’s Fund. The Progress o f  th e Nations. 2001. New 
York: UNICEF; 2001.

5. Islam K, Gurdtham UG. A systematic rev iew  o f  th e estimates o f  costs-illness 
associated w ith m aterna l a n d  n ew -born  ill-health. Part o f  th e World Health 
Organisation M aternal-N ewborn Health a n d  Poverty series. Geneva: WHO.;
2005.

6. World Health Organisation. Trends in  m aterna l m orta lity: 1990 to 2013. 
Estimates by WHO, UNICEF, UNFPA, The World Bank a n d  the United 
Nations Population D ivision Report 2014. Geneva: WHO; 2015.

7. Patton GC, Coffey C, Sawyer SM, et al. Global patterns of mortality in 
young people: a systematic analysis of population health data. Lancet. 
2009;374:881-892.

8. You D, Bastian P, Wu J, Wardlaw T. Levels a n d  trends in  ch ild  mortality. 
Estimates d ev e lop ed  by th e UN in ter-agen cy  Group f o r  C hild M ortality Esti
mation. Report 2013. New York: UNICEF, WHO, The World Bank and 
United Nations; 2013.

9. World Health O rganisation Fact sh eet on  m aterna l m orta lity No 348 updated  
M ay 2014. Available at: <www.who.int/mediacentre/factsheets/fs348/en>.

10. United Nations. The World's Women. Trends a n d  Statistics 1970-1990. New 
York: United Nations; 1991.

11. World Health Organisation media centre. Adolescent P regnancy Fact sheet, 
N o364, Updated Septem ber 2014. Available at: <www.who.int/mediacentre/ 
factsheets/fs364/en>.

12. Patton GC, Coffey C, Sawyer SM, et al. Global patterns of mortality in 
young people: a systematic analysis of population health data. Lancet. 
2009;374:881-892.

13. World Health Organisation. Women a n d  H ealth: Todays Evidence, Tomor
row ’s Agenda. Geneva: WHO; 2009:31.

14. Ganchimeg T, Mori R, Ota E, et al. Maternal and perinatal outcomes 
among nulliparous adolescents in low- and middle-income countries: a 
multi-country study. BJOG. 2013;120:1622-1630.

15. Ganchimeg T, Ota E, Morisaki N, et al. WHO Multicountry Survey on 
Maternal Newborn Health Research Network. Pregnancy and childbirth 
outcomes among adolescent mothers: a World Health Organization mul
ticountry study. BJOG. 20l4;121(suppl l):40-48.

16. Lewis G. Saving Mothers’ Lives: the continuing benefits for maternal 
health from the United Kingdom (UK) Confidential Enquires into Mater
nal Deaths. Sem in Perinatol. 2012;36:19-26.

17. D’AIton M. R edu cing M aterna l M ortality Through C lin ica l Protocols. 
Presentation a t New York ACOG annua l d istr ict m eetin g , October 2013. 
Available at: <http://mail.ny.acog.org/website/2013_ADM/Syllabus/5_Fri 
_DAlton.pdf>.

18. Centers for Disease Control and Prevention (CDC). Pregnancy M ortality 
Surveillan ce System. Available at: <www.cdc.gov/reproductiveheaIth/ 
MaternalInfantHealth/PMSS.html>.

19. D’AIton ME, Main EK, Menard MK, Levy BS. The National Partnership 
for Maternal Safety. Obstet Gynecol. 2014;123:973-977.

20. Reichenhiem M, Zylberstajn F, Moraes C, Lobato G. Severe acute obstetric 
morbidity (near-miss): a review of the relative use of its diagnostic indica
tors. Arch G ynecol Obstet. 2009;280:337-343.

21. AbouZahr C. Global burden of maternal death. In: British M ed ica l Bul
letin. P regnancy: R edu cing m aterna l d ea th a n d  d isability. British Council: 
Oxford University Press; 2003:1-13.

22. Zacharin RF. A history of obstetric vesicovaginal fistula. ANZ J  Surg. 
2000;70:851-854.

23. U nited Nations Population Fund (UNFPA), FIGO, C olumbia U niversity- 
sponsored S econd  M eetin g o f  th e Working Group f o r  the P reven tion  an d  
Treatment o f  O bstetric FistuLi. Addis Ababa: UNFPA; 2002:2002.

24. Stanton C, Holtz S, Ahmed S. Challenges in measuring obstetric fistula. 
In t J  G ynecol Obstet. 2007;99:S4-S9.

25. Liu L, Oza S, Hogan D, et al. Global, regional, a n d  nationa l causes o f  ch ild  
m ortality in 2000-2013, w ith  p ro jection s to in form  post-2015 priorities: an 
upda ted  system atic analysis Lancet, Early O nline Publication , 1 October
2014.

26. World Health Organization (WHO). Global H ealth O bservatory (GHO) 
data : N eonatal M ortality. Available at: <http://www.who.int/gho/child 
_health/mortality/neonatal_text/en/>.

27. Lawn JE, Blencowe H, Oza S, et al. Every Newborn: progress, priorities, 
and potential beyond survival. Lancet. 2014;384:189-205.

28. Say L, Chou D, Gemill A, et al. Global causes of maternal deaths: a WHO 
systematic analysis. Lancet G bb Health. 2014;2:e323-e333.

29. Calvert C, Ronsmans C. The contribution of HIV to pregnancy-related 
mortality: a systematic review and meta-analysis. AIDS. 2013;27: 
1631-1639.

30. Knight M , Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk 
JJ, eds. on b eh a l f  ofMBRRACE UK. S avin g Lives, Im provin g M others' Care 
- Lessons lea rn ed  to in form  ju tu r e  m atern ity care f r o m  th e UK a n d  Ireland. 
C onfidentia l Enquiries in to M aterna l Deaths a n d  M orb id ity 2009-2012. 
Oxford: National Perinatal Epidemiology Unit, University of Oxford; 
2014.

31. World Health Organization (WHO). Global Health O bservatory (GHO) 
data : A ntenatal Care. Available at: <http://www.who.int/gho/maternal 
_health/reproductive_health/antenatal_care_text/en/>.

32. Viliar J, Ba’aqeel H, Piaggio G, et al. WHO antenatal care randomized 
trial for the evaluation of a new model of routine antenatal care. Lancet. 
2001;357(9268): 1551-1564.

33. World Health Organization (WHO). World Health Statistics 2014. 
Geneva: World Health Organization; 2014.

ak
us

he
r-li

b.r
u

http://www.who.int/whr/2005/en
http://www.who.int/mediacentre/factsheets/fs348/en
http://www.who.int/mediacentre/%e2%80%a8factsheets/fs364/en
http://www.who.int/mediacentre/%e2%80%a8factsheets/fs364/en
http://mail.ny.acog.org/website/2013_ADM/Syllabus/5_Fri%e2%80%a8_DAlton.pdf
http://mail.ny.acog.org/website/2013_ADM/Syllabus/5_Fri%e2%80%a8_DAlton.pdf
http://www.cdc.gov/reproductiveheaIth/%e2%80%a8MaternalInfantHealth/PMSS.html
http://www.cdc.gov/reproductiveheaIth/%e2%80%a8MaternalInfantHealth/PMSS.html
http://www.who.int/gho/child%e2%80%a8_health/mortality/neonatal_text/en/
http://www.who.int/gho/child%e2%80%a8_health/mortality/neonatal_text/en/
http://www.who.int/gho/maternal%e2%80%a8_health/reproductive_health/antenatal_care_text/en/
http://www.who.int/gho/maternal%e2%80%a8_health/reproductive_health/antenatal_care_text/en/


Chapter 58 Improving Global Maternal Health: Challenges and Opportunities 1211

34. United Nations Population Fund (UNFPA). Setting standards f o r  em ergen cy  
obstetric a n d  n ewborn care. October 2014. Available at: <http://
www.unfpa.org/resources/setting-standards-emergency-obstetric-and
-newborn-care>.

35. Gibbons L, Beliza J. The G lobal Numbers a n d  Costs o f  A dditionally N eeded 
a n d  Unnecessary Caesarean Sections P er form ed  p e r  Year: O veruse as a Barrier 
to Universal Coverage. Geneva: WHO World Health Report; 2010. Back
ground Paper, No 30. Available at: <http://www.who.int/healthsystems/ 
topics/financing/heal threport/30C-sectioncosts.pdf>.

36. International Confederation of Midwives. The In terna tiona l day o f  the 
m idw ife  2013. Available at: <http://www.internationalmidwives.org/ 
assets/ uploads/documentsX

37. Pereira C, Bugalho A. A comparative study of caesarean deliveries by 
assistant medical officers and obstetricians in Mozambique. BJOG. 
1996;103:508-512.

38. van den Broek N, Lewis G, Mathai M. Guest Editors’ Choice: Quality of 
Care supplement. BJOG. 2014;121(suppl 4):2-3.

39. Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc 
Sci M ed. 1994;38:1091-1110.

40. Lewis G. Reviewing maternal deaths to make pregnancy safer. In: Moodley 
J, ed. Recent advances in  obstetrics. Vol. 22, No. 3. Elsevier: Best Practice 
& Research Clinical Obstetrics and Gynaecology; 2008:447-463.

41. UCL Institute of Health Equality. Fair Society H ealth Lives (The M arm ot 
Review). February 2010. Available at: <http://www.instituteofhealthequity
•org/projects/fair-society-healthy-lives-the-marmot-review>.

42. Tunpilp 0 ,  Souza JP, Hindin MJ, et al. WHO Multicountry Survey on 
Maternal and Newborn Health Research Network. Education and severe 
maternal outcomes in developing countries: a multicountry cross-sectional 
survey. BJOG. 20l4;121(suppl l):57-65.

43. Kaplan A, Forbes M, Bonhoure I, et al. Female genital mutilation/cutting 
in The Gambia: long-term health consequences and complications during 
delivery and for the newborn. In t J  Womens Health. 2013;5:323-331.

44. Fathalla M. Human rights aspects of safe motherhood. Best P ract Res Clin 
Obstet Gynaecol. 2006;20(3):409-419.

45. United Nations. The Universal D eclaration o f  H uman Rights. Available at: 
<www.un.org/en/documents/udhr>.

46. United Nations Entity for Gender Equality and the Empowerment of 
Women. Fourth World C onference on Women: B eijin g Declaration. Septem
ber 1995. Available at: <http://www.un.org/womenwatch/daw/beijing/ 
beijingdeclaration.html>.

47. Nobel Prize Organization. A Voice f o r  F reedom ! N obel Lecture by Ellen 
Johnson  S ir lea f Oslo, Norway. 10 December 2011. Available at: <www 
.nobelprize.org/nobel_prizes/peace/laureates/201 l/johnson_sirleaf 
-lecture_en.html>.

48. The World Bank Human Development Network. Health, Nutrition and  
Population Series. In vestin g in  m aterna l health : lea rn in g fr om  Sri Lanka a n d  
Malaysia. Washington, DC: 2003.

48b. Womens Rights, Health, a n d  Empowerment. Available at: <www.GLOWM 
,com/womens_health_rights>.

49. Ahmed S, Li Q, Liu L, Tsui AO. Maternal deaths averted by contraceptive 
use: an analysis of 172 countries. Lancet. 2012;380:111-125.

50. Cleland J, Conde-Agudelo A, Peterson H, Ross J, Tsui A. Contraception 
and health. Lancet. 2012;380:149-156.

51. In ternationa l C onference on  Population an d  D evelopm ent Cairo. Cairo: 
UNFPA; 1994. Available at: <https://www.unfpa.org/public/icpd>.

52. United Nations Millennium Declaration. New York, U nited Nations 2000 
(U nited Nations General Assembly resolution 55/2). Available at: <http:// 
www.un.org/millennium/declaration/ares552e.htm>.

53. Sedgh G, Singh S, Hussain R. Intended and unintended pregnancies 
worldwide in 2012 and recent trends. Stud Fam Plann. 2014;45(3): 
301-314.

54. Centers for Disease Control and Prevention (CDC). U nintended Preg
nancy P revention. Available at: <http://www.cdc.gov/reproductivehealth/ 
unintendedpregnancy/>.

55. Santelli J, Rochat R, Hatfield-Timajchy K, et al. Unintended Pregnancy 
Working Group. The measurement and meaning of unintended preg
nancy. Perspect Sex R eprod Health. 2003;35(2):94-101.

56. Brown SS, Eisenberg L, eds. The Best In tentions: U nintended Pregnancy 
a n d  the W ell-Being o f  Children an d  Families. Institute o f  M ed icin e (US) 
C om m ittee on U nintended Pregnancies. Washington D.C.: National Acad
emies Press; 1995.

57. Marston C, Cleland J. Do unintended pregnancies carried to term lead to 
adverse outcomes for mother and child? An assessment in five developing 
countries. Popul Stud (Camb). 2003;57(l):77-93.

58. Hardee K, Eggleston E. Unintended pregnancy and womens psychological 
well-being in Indonesia./Biosoc Sci. 2004;36(5):617-626.

59. Gipson JD, Koenig MA. The effects of unintended pregnancy on infant, 
child, and parental health: a review of the literature. Stud Fam Plann. 
2008;39(l):18-38.

60. Tsui AO, McDonald-Mosley R. Family planning and the burden of unin
tended pregnancies. Epidem iol Rev. 2010;32(1):152-174.

61. G uttmacher Institute, Facts on in du ced  abortion worldw ide, In B r ie f  2011. 
Available at: <http://www.guttmacher.org/pubs/fb_IAW.html>.

62. Canning D, Schultz TP. The economic consequences of reproductive 
health and family planning. Lancet. 2012;380:165-171.

63. Singh S, Darroch JE. Adding It Up: Costs a n d  Benefits o f  C ontraceptive 
Services— Estimates f o r  2012. New York: Guttmacher Institute and United 
Nations Population Fund (UNFPA); 2012.

64. Population Reference Bureau. World Population Data Sheet 2012. 
Washington, DC: PRB; 2012.

65. Gillespie D, Ahmed S. Unwanted fertility among the poor: an inequity? 
Bull World Health Organ. 2007;85(2):100-107.

66. World Health Organization (WHO). Contraceptive p reva len ce. Avail
able at: <http://www.who.int/reproductivehealth/topics/family_planning/ 
contraceptive_prevalence/ en>.

67. United Nations D epartm ent o f  E conom ic an d  Socia l Affairs World Contracep
tive Use 2011. Available at: <http://www.un.org/esa/population/
publications/contraceptive201 l/contraceptive201 l.htm>.

68. Alkema L, Kantorova V. National, regional, and global rates and trends in 
contraceptive prevalence and unmet need for family planning between 
1990 and 2015: a systematic and comprehensive analysis. Lancet. 
2013:381(9878): 1642-1652.

69. Alkema L, Kantorova V. National, regional, and global rates and trends in 
contraceptive prevalence and unmet need for family planning between 
1990 and 2015: a systematic and comprehensive analysis. Lancet. 2013; 
381(9878): 1642-1652 (Supplement).

70. World Health Organization (WHO). WHO D epartm ent o f  R eproductive 
Health a n d  Research, Johns Hopkins B loom sbury S chool o f  Public Health/ 
Center f o r  C ommunications Programs (CCP). K now ledge f o r  health project. 
Family p lann in g : a  g lob a l handbook f o r  p rov id ers (2011 update). Baltimore, 
MD/Geneva, Switzerland: CCP and WHO; 2011.

71. World Health Organization (WHO). WHO Fact Sheet No. 351: Family 
P lann in g an d  Contraception. May 2015. Available at: <http://www.who.int/ 
mediacentre/factsheets/fs3 51 /en>.

72. Darroch JE, Singh S. Trends in contraceptive need and use in developing 
countries in 2003, 2008, and 2012: an analysis of national surveys. Lancet. 
2013;381:1756-1762.

73. Ross J, Winfrey J. Contraception use, intention to use and unmet need 
during the extended postpartum period. In t Fam Plan Perspect. 2001;27: 
20-27.

74. Kidder E, Sonneveldt E, Hardee K. Who receives PAC services? Evidence 
fr om  14 countries. Washington, DC: The Futures Group, POLICY Project; 
2004.

75. Hatcher RA, Trussell J, Nelson AL, Cates W, Kowal D, Policar M, eds. 
C ontraceptive Technology. 20th rev ised  ed ition. New York, NY: Ardent 
Media; 2011.

76. Espey E, Ogburn T. Long-acting reversible contraceptives: intrauterine 
devices and the contraceptive implant. Obstet Gynecol. 2011;117:705-719.

77. Trussell J. The essentials of contraception: efficacy, safety, and personal 
considerations. In: Hatcher RA, Trussell J, Nelson AL, Cates W, Stewart 
FH, eds. C ontraceptive Technology. New York: Ardent Media; 2007: 
221-252.

78. Hubacher D, Mavranezouli I, McGinn E. Unintended pregnancy in sub- 
Saharan Africa: magnitude of the problem and potential role of contracep
tive implants to alleviate it. Contraception. 2008;78:73-78.

79. Family Available at: <http://www.familyplanning2020.org>.
80. Ahman E, Shah IH. New estimates and trends regarding unsafe abortion 

mortality. In t J  G ynecol Obstet. 2011; 115 (2): 121 -126.
81. Center for Reproductive Rights. A Global View o f  Abortion Rights. New 

York: Center for Reproductive Rights; 2014. Available at: <http://
www.reproductiverights.org/document/a-global-view-of-abortion-rights>.

82. Sedgh G, Singh S. Induced abortion: incidence and trends worldwide from 
1995 to 2008. Lancet. 2012;379(9816):625-632.

83. World Health Organization (WHO). Unsafe Abortion: Global a n d  R egional 
Estimates o f  the In ciden ce o f  Unsafe Abortion an d  Associated M ortality in  
2008. 6th ed. Geneva: World Health Organization; 2011.

84. World Health Organization (WHO). Safe abortion : techn ica l an d  p o licy  
gu id an ce  f o r  health systems. 2nd ed. Geneva: WHO; 2012.

85. Grimes D, Benson J, Singh S, et al. Unsafe abortion: the preventable 
pandemic. Lancet. 2006;368:1908-1919.

86. Singh S. Hospital admissions resulting from unsafe abortion: estimates 
from 13 developing countries. Lancet. 2006;368(9550):1887-1892.

ak
us

he
r-li

b.r
u

http://www.unfpa.org/resources/setting-standards-emergency-obstetric-and
http://www.who.int/healthsystems/%e2%80%a8topics/financing/heal%20threport/30C-sectioncosts.pdf
http://www.who.int/healthsystems/%e2%80%a8topics/financing/heal%20threport/30C-sectioncosts.pdf
http://www.internationalmidwives.org/
http://www.instituteofhealthequity
http://www.un.org/en/documents/udhr
http://www.un.org/womenwatch/daw/beijing/%e2%80%a8beijingdeclaration.html
http://www.un.org/womenwatch/daw/beijing/%e2%80%a8beijingdeclaration.html
https://www.unfpa.org/public/icpd
http://%e2%80%a8www.un.org/millennium/declaration/ares552e.htm
http://%e2%80%a8www.un.org/millennium/declaration/ares552e.htm
http://www.cdc.gov/reproductivehealth/%e2%80%a8unintendedpregnancy/
http://www.cdc.gov/reproductivehealth/%e2%80%a8unintendedpregnancy/
http://www.guttmacher.org/pubs/fb_IAW.html
http://www.who.int/reproductivehealth/topics/family_planning/%e2%80%a8contraceptive_prevalence/%20en
http://www.who.int/reproductivehealth/topics/family_planning/%e2%80%a8contraceptive_prevalence/%20en
http://www.un.org/esa/population/
http://www.who.int/%e2%80%a8mediacentre/factsheets/fs3%2051%20/en
http://www.who.int/%e2%80%a8mediacentre/factsheets/fs3%2051%20/en
http://www.familyplanning2020.org
http://www.reproductiverights.org/document/a-global-view-of-abortion-rights


1212 Section VII Legal and Ethical Issues in Perinatology

87. Jewkes R, Rees H. Dramatic decline in abortion mortality due to the 
Choice on Termination of Pregnancy Act. S Afr M ed  J . 2005;95(4):250.

88. Ministry of Medical Services. Health Standards a n d  gu id e lin es f o r  redu cin g  
m orbid ity a n d  m orta lity fr om  unsafe abortion  in  Kenya. 2012. Available at: 
<http://www.safeabortionwomensright.org/>.

89. Countdown to 2015: M aternal, N ewborn, a n d  C hild Survival. Available at: 
<http://www.countdown2015mnch.org>.

90. United Nations Department of Economic and Social Affairs. 
Sustainable D evelopm ent K now ledge P latform . Available at: <http:// 
sustainabledevelopment.un.org>.

91. Bhutta ZA, Das JK, Bahl R, et al., for the Lancet Newborn Interventions 
Review Group; Lancet Every Newborn Study Group. Can available inter
ventions end preventable deaths in mothers, newborn babies, and still
births and at what cost? Lancet. 20l4;384(990):347-370.

92. Fathalla M. Ten propositions for safe motherhood for all women. Adapted 
and abridged from the Hubert de Watteville Memorial Lecture. Imagine 
a world where motherhood is safe for all women—you can help make it 
happen. In t J  G ynaecol Obstet. 2011;72(3):207-213.

93. World Health Organisation (WHO). M onitorin g em ergen cy obstetric care: 
a handbook. Geneva: WHO; 2009.

94. Smith JM , Gubin R, Holston MM, Fullerton J, Prata N. Misoprostol for 
postpartum hemorrhage prevention at home birth: an integrative review 
of global implementation experience to date. BM C P regnancy Childbirth. 
2013; 13:44.

95. Kubio C, Tierney G, Quaye T, et al. Blood transfusion practice in a rural 
hospital in Northern Ghana, Damongo, West Gonja District. Transfusion. 
2012;52:2161-2166.

96. Westhoff G, Cotter AM. Prophylactic oxytocin for the third stage of labour 
to prevent postpartum haemorrhage. Cochrane Database Syst Rev. 
2013;(10):CD001808.

97. Hofmeyr GJ, Abdel-Aleem H. Uterine massage for preventing postpartum 
haemorrhage. Cochrane Database Syst Rev. 2013;(7):CD006431.

98. World Health Organization (WHO). Essential M edicines. Available at: 
<http://www.who.int/topics/essential_medicines/en/>.

99. Smith JM , Baawo SD, Subah M, et al. Advance distribution of misopro
stol for prevention of postpartum hemorrhage (PPH) at home births in 
two districts of Liberia. BM C P regnancy Childbirth. 2014; 14:189.

100. Geller S, Carnahan L, Akosah E, et al. Community-based distribution 
of misoprostol to prevent postpartum haemorrhage at home births: 
results from operations research in rural Ghana. BJOG. 2014; 121: 
319-325.

101. Tun$alp O, Hofmeyr GJ, Giilmezoglu AM. Prostaglandins for prevent
ing postpartum haemorrhage. C ochrane Database Syst Rev. 2012;(8): 
CD000494.

102. Adu-Bonsaffoh K, Samuel OA. Maternal deaths attributable to hyperten
sive disorders in a tertiary hospital in Ghana. In t J  G ynaecol Obstet. 
2013;123:110-113.

103. Abalos E, Cuesta C, Carroli G, et al. WHO Multicountry Survey on 
Maternal and Newborn Health Research Network. Pre-eclampsia, eclamp
sia and adverse maternal and perinatal outcomes: a secondary analysis 
of the World Health Organization Multicountry Survey. BJOG. 2014; 
121 (suppl 1): 14-24.

104. Payne BA, Hutcheon JA, Ansermino JM , et al. A risk prediction model 
for the assessment and triage of women with hypertensive disorders of 
pregnancy in low-resourced settings: the miniPIERS (Pre-eclampsia Inte
grated Estimate of RiSk) multi-country prospective cohort study. PLoS 
M ed. 2014; 11 :e l001589.

105. Urquia ML, Ying I. Serious preeclampsia among different immigrant 
groups. /  Obstet G ynaecol Can. 2012;34:348-352.

106. Nakimuli A, Chazara O, Byamugisha J, et al. Pregnancy, parturition and 
preeclampsia in women of African ancestry. Am J  Obstet Gynecol. 
20 l4;210:510-520.el.

107. Giguere Y, Masse J, Theriault S, et al. Screening for pre-eclampsia early in 
pregnancy: performance of a multivariable model combining clinical char
acteristics and biochemical markers. BJOG. 2015;122(3):402-410.

108. Gordon R, Magee LA, Payne B, et al. Magnesium sulphate for the man
agement of preeclampsia and eclampsia in low and middle-income coun
tries: a systematic review of tested dosing regimens. J  Obstet G ynaecol Can. 
2014;36:154-163.

109. Okonofua FE, Ogu RN, Fabamwo AO, et al. Training health workers for 
magnesium sulfate use reduces case fatality from eclampsia: results from a 
multicenter trial. Acta Obstet G ynecol Scand. 2013;92:716-720.

110. Loudon I. Maternal mortality in the past and its relevance to developing 
countries today. Am J  C lin Nutr. 2000;72:24lS-246S.

111. Unicef. Fact o f  th e week. Available at: <http://www.unicef.org/ 
factoftheweek/index_51390.html>.

112. Benova L, Cumming O, Campbell OM. Systematic review and meta
analysis: association between water and sanitation environment and mater
nal mortality. Trop M ed  In t Health. 2014;19:368-387.

113. Yahaya SJ, Bukar M. Knowledge of symptoms and signs of puerperal sepsis 
in a community in north-eastern Nigeria: a cross-sectional study. J  Obstet 
Gynaecol. 2013;33:152-154.

114. World Health Organization (WHO). Essential n ew born  care. Report o f  a 
techn ica l w ork ing group  (Trieste, 2 5 -2 9 April 1994). Geneva: WHO, Divi
sion of Reproductive Health (Technical Support); 1996.

115. Program for Appropriate Technology in Health (PATH). Basic d e liv ery  kit 
gu id e  (PDF). Seattle: Program for Appropriate Technology in Health; 
2001.

116. Seward N, Osrin D, Li L, et al. Association between clean delivery kit use, 
clean delivery practices, and neonatal survival: pooled analysis of data from 
three sites in South Asia. PLoS M ed. 2012;9 :e l001180.

117. Hundley VA, Avan BI. Are birth kits a good idea? A systematic review of 
the evidence. M idw ifery. 2012;28:204-215.

118. Moran NF, Moodley J. The effect of HIV infection on maternal health 
and mortality. In t J  G ynaecol Obstet. 2012;119:S26-S29.

119. Shulman CE, Dorman EK. Importance and prevention of malaria in
pregnancy. Trans R Soc Trop M ed  Hyg. 2003;97:30-35.

120. Desai M, ter Kuile FO, Nosten F, et al. Epidemiology and burden of
malaria in pregnancy. Lancet In fe c t Dis. 2007;7:93-104.

121. Ayisi JG, van Eijk AM, ter Kuile FO,-et al. The effect of dual infection 
with HIV and malaria on pregnancy outcome in western Kenya. AIDS. 
2003;17:585-594.

122. Lewis G, de Bernis L. Obstetric Fistula: G uiding p rin cip les f o r  c lin ica l 
m anagem en t a n d  program m e developm ent. Geneva: World Health Organisa
tion; 2006.

123. UNFPA, FIGO, Columbia University sponsored S econd  M eetin g o f  the 
Working Group f o r  the P reven tion  a n d  Treatment o f  O bstetric Fistula. Addis 
Ababa, 2002.

124. Stanton C, Holtz S, Ahmed S. Challenges in measuring obstetric fistula. 
In t J  G ynecol Obstet. 2007;99:S4-S9.

125. Abraham W, Berhan Y. Predictors of labor abnormalities in university 
hospital: unmatched case control study. BM C Pregnancy Childbirth. 
2014;14:256.

126. U nited States A gency f o r  In terna tiona l D evelopm en t (USAID) The P a ra 
graph : An Essential Tool f o r  D ecision-M aking d u r in g  Labor. Available at: 
<http://pdf.usaid.gov/pdf_docs/PNACT388.pdf>.

127. Creanga AA, Genadry RR. Obstetric fistulas: a clinical review. In t J  Gyn
a e co l Obstet. 2007;99:S40-S46.

128. Wall LL. Preventing obstetric fistulas in low-resource countries: insights 
from a Haddon matrix. Obstet G ynecol Surv. 2012;67:111-121.

129. Faces o f  d ign ity : seven  stories o f  gir ls  a n d  w om en  w ith  fistu la . Dar es Salaam, 
Tanzania: Women’s Dignity Project; 2003.

130. World Health Organisation (WHO). Appropriate technology for birth. 
Lancet. 1985;2(8452):436-437.

131. Jauniaux E, Grobman W. Caesarean section: the worlds No 1 operation. 
In: Jauniaux E, Grobman W, eds. A m odern textbook o f  cesarean section. 
Oxford: Oxford University Press; 2015.

132. Fitzpatrick KE, Sellers S, Spark P, Kurinczuk JJ, Brocklehurst P, Knight K. 
Incidence and risk factors for placenta accreta/increta/percreta in the UK: 
a national case-control study. PLoS ONE. 2012;7(12):e52893.

133. Pezzella AT. Volunteerism and humanitarian efforts in surgery. Curr P robl 
Surg. 2006;43:848-929.

134. Averting Maternal Death and Disability (AMDD). Task-Shifting: An inn o
va tive solu tion  to the human resource crisis. Available at: <http:// 
www.amddprogram.org/human-resources/task-shifting>.

135. World Medical Association (WMA). WMA D eclaration o f  Helsinki - 
Ethical Principles f o r  M ed ica l Research In vo lv in g Human Subjects. Available 
at: <http://www.wma.net/en/30publications/10policies/b3>.

ak
us

he
r-li

b.r
u

http://www.safeabortionwomensright.org/
http://www.countdown2015mnch.org
http://%e2%80%a8sustainabledevelopment.un.org
http://%e2%80%a8sustainabledevelopment.un.org
http://www.who.int/topics/essential_medicines/en/
http://www.unicef.org/%e2%80%a8factoftheweek/index_51390.html
http://www.unicef.org/%e2%80%a8factoftheweek/index_51390.html
http://pdf.usaid.gov/pdf_docs/PNACT388.pdf
http://%e2%80%a8www.amddprogram.org/human-resources/task-shifting
http://%e2%80%a8www.amddprogram.org/human-resources/task-shifting
http://www.wma.net/en/30publications/10policies/b3


Appendices

ak
us

he
r-li

b.r
u



AP
PE

ND
IX

 
I Normal Values in 

Pregnancy and Ultrasound 
Measurements
HENRY L. GALAN and LAURA GOETZL

Invasive Cardiac M onitoring 1214 
Noninvasive Cardiac 

M onitoring 1214 
Arterial Blood Gas Values (Third 

Trimester) 1215 
Pulmonary Function Tests 1215 
Pulmonary Function Tests, Mean 

Values 1215 
Peak Flows Stable Over 

Gestation 1215 
Liver/Pancreatic Function Tests 1215 
Electrolytes, Osmolality, and Renal 

Function 1216 
Cholesterol and Lipids 1216 
Hematologic Indices, Iron, and 

B12 1216

Homocysteine, V itam in, and Mineral 
Levels 1217 

Calcium Metabolism 1217 
Coagulation 1217 
Inflammation and Immune 

Function 1218 
Endocrine Tests 1218 
Umbilical Cord Blood Gas Values 

and Hematologic Parameters 1218 
Relationship Between Mean 

Am niotic Sac Diameter and 
Menstrual Age 1218 

Crown-Rump Length (6-18 
Weeks) 1219 

Head Circumference 1219 
Abdominal Circumference 1219

Femur Length 1220 
Humerus Length 1220 
Tibia Length 1220 
Fibula Length 1220 
Radius Length 1221 
Ulna Length 1221 
Foot Length 1221 
Transcerebellar Diameter 1222 
Am niotic Fluid Index 1222 
Small Head Circumference 

Measurements 1222 
Umbilical Artery Resistance Index 

and Systolic/D iastolic Ratio 1223 
Middle Cerebral Artery Pulsatility 

Index 1223

INVASIVE CARDIAC MONITORING

MEASURE VALU E (36-38  WEEKS) UNITS

Cardiac output* 6.2 ± 1.0 L/min
Systemic vascular resistance 1210 ± 266 Dyne/cm/sec-5
Heart rate 83 ± 10 Beats/min
Pulmonary vascular resistance 78 ± 22 Dyne/cm/sec-5
Colloid oncotic pressure 18.0 ± 1.5 mm Hg
Mean arterial pressure (MAP) 90.3 ± 5.8 mm Hg
Pulmonary capillary wedge pressure (PCWP) 7.5 ± 1.8 mm Hg
Central venous pressure (CVP) 3.6 ± 2.5 mm Hg
Left ventricular stroke work index 48 ± 6 g/mm"

Data from Clark SL, Cotton DB, Lee W, et al. Central hemodynamic assessment of normal term pregnancy. Am J  Obstet Gynecol. 1989; 161:1439; Spading L, Fallenstein F, Huch A, 
et al. The variability of cardiopulmonary adaptation to pregnancy at rest and during exercise. Br J  Obstet Gynaecol. 1992;99(Suppl 8): 1.
*Cardiac output increases during the first trimester of pregnancy but thereafter is essentially unchanged over the course of pregnancy; heart rate gradually rises 5 to 10 beats/min over the 
course of pregnancy.

NONINVASIVE CARDIAC MONITORING

MEASURE 10-18 WEEKS 18-26 WEEKS 2 6 -3 4  WEEKS 34-42  WEEKS

Cardiac output (L/min) 7.26 ± 1.56 7.60 ± 1.63 7.38 ± 1.63 6.37 ± 1.48
Stroke volume (mL) 85 ± 21 85 ± 21 82 ± 21 70 ± 14
Systemic vascular resistance (SVR) 966 ± 226 901 ± 224 932 ± 240 1118 ± 325

(dyne/cm/second-5)
Heart rate (beats/min) 8 7 + 1 4  90 ± 14 92 ± 14 92 ± 7
Mean arterial pressure (mm Hg) 87 ± 7 84 ± 7 84 ± 7 86 ± 7

Data from Van Oppen CA, Van DerTweel I, Alsbach JGP, et al. A longitudinal study of maternal hemodynamics during normal pregnancy. Obstet Gynecol. 1996;88:40.

1214
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Appendix I Normal Values in Pregnancy and Ultrasound Measurements 1215

ARTERIAL BLOOD GAS VALUES (THIRD TRIMESTER)

Arterial pH 
Arterial P02 (mm Hg) 
Arterial PC02 (mm Hg) 
Sodium bicarbonate (mEq/L)

N O R M AL ALTITU D E

7.40-7.48
80-90

26.9-32.5
19.9-24.1

MODERATE A LT ITU D E * (1388  M)

7.44-7.48
78.9-93.5
23.9-29.3 
16.7-20.5

Data from Hankins GD, Clark SL, Harvey CJ, et al. Third trimester arterial blood gas and add base values in normal pregnancy at moderate altitude. Obstet Gynecol. 1996;! 
Eng M, Butler J, Bonica JJ. Respiratory (unction in pregnant obese women. Am J  Obstet Gynecol. 1975:123:241.
*Provo, Utah.

5:347; and

PULMONARY FUNCTION TESTS
8-11 W EEKS 2 0 -23  WEEKS 28-31 WEEKS 3 6 -40  WEEKS

Respiratory rate (breaths/min) 15(14-20) 16(15-18) i !  7nn
Tidal volume (ml.)_______________________ 640 (550-710)_______________ 650 (625-725)________________650 (575-720)________________700 (6 6 0 -7 5 5 )_

Data from Spatling L, Fallenstein F, Huch A, et al. The variability of cardiopulmonary adaptation to pregnancy at rest and during exercise. B r J  Obstet Gynaecol. 1992:99:1.
Values expressed as median (25th to 75th percentiles).

PULMONARY FUNCTION TESTS, MEAN VALUES

Mean vital capacity (L)
Mean inspiratory capacity (L)
Mean expiratory reserve volume (L) 
Mean residual volume (L)_________

FIRST TRIMESTER

3.8
2.6
1.2
1.2

SECOND TRIMESTER

3.9
2.7
1.2
1.1

THIRD TRIMESTER

4.1
2.9
1.2
1.0

Data from Gazioglu K, Kaltreider NL, Rosen M, Yu PN. Pulmonary function during pregnancy in normal women and in patients with cardiopulmonary disease. Thorax. 1920:25:445: 
and Puranik BM, Kaore SB, Kurhade GA, et al. A longitudinal study of pulmonary function tests during pregnancy. Indian J  Physiol Pharmacol. 19J4;3»:11 ).

PEAK FLOWS STABLE OVER GESTATION_____________

PEAK FLOW (L/MIN)

Standing >320
Sitting >310
Supine___________________ ________________________ >300_________

Data from Harirah HM, Donia SE, Nasrallah FK, et al. Effect of gestational age and 
position on peak expiratory flow rate: a longitudinal study. Obstet Gynecol. 2005;105:372.

LIVER/PANCREATIC FUNCTION TESTS

Total alkaline phosphatase (IU/L) 
Gamma glutamyl transferase (IU/L) 
Aspartate transaminase (AST, IU/L) 
Alanine transaminase (ALT, IU/L) 
Total bilirubin (mg/dL) 
Unconjugated bilirubin (mg/dL) 
Conjugated bilirubin (mg/dL)
Total bile acids (|lM/L)
Elevated total bile acids (flM/L) 
Lactate dehydrogenase (U/L) 
Amylase (IU/L)
Lipase (IU/L)

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

17-88 39-105 46-228 48-249

2-37 2-43 4-41 5-79
4-40 10-33 4-32 5-103

1-32 2-34 2-32 5-115

0.05-1.3 0.1-1.0 0.1-1.2 0.1-1.1

0.1-0.5 0.1-0.4 0.1-0.5 0.2-0.6

0-0.1 0-0.1 0-0.1 —
1.7-9.1 1.3-6.7 1.3-8.7 1.8-8.2

>10 >10 >10 >10

78-433 80-447 82-524 —
11-97 14-92 14-97 10-82

5-109 8-157 21-169 —

Data from Bacq Y, Zarka O, Brechot JF, et al. Liver function tests in normal pregnancy: a prospective study of 103 pregnant women and 103 matched controls. J  H epatol 
1996-23T030; Karensend D, Bacq Y, Brechot JF, Mariotte N, Vol S, Tichet J. Serum Amylase and lipase activities in normal pregnancy: a prospective case-control study. Am J  
G astroenterol 2001:96:697: Larsson A, Palm M, Hansson L-O, Axelsson O. Reference values for clinical chemistry tests during normal pregnancy. BJOG  2008;115:874; Lockitch U. 
Handbook o f  D iagnostic B iochem .stry a n d  H em atology in N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; van Buul EJA, Steegers EAP, jongsmaHW , et al. Haematological and 
biochemical profile of uncomplicated pregnancy in nulliparous women: a longitudinal study. Neth J  Med. 1995:46:73; Girling JC , Dow E, Smith JH- Liver function tests in pre
eclampsia: importance of comparison with a reference range derived from normal pregnancy. BJOG. 1997:104:246; and Egan N. Reference standard for serum bile acids in pregnancy. 
BJOG. 2012:119:493.
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ELECTROLYTES, OSMOLALITY, AND RENAL FUNCTION

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

Total osmolality (mOsm/kg) 267-280 269-289 273-283 271-289
Sodium (mEq/L) 131-139 129-142 127-143 124-141
Potassium (mEq/L) 3.2-4.9 3.3-4.9 3.3-5.2 3.4-5.5
Chloride (mEq/L) 99-108 97-111 97-112 95-111
Bicarbonate (meq/L) 18-26 18-26 17-27 17-25
Urea nitrogen (BUN, mg/dL) 5-14 4-13 3-13 4-15
Creatinine (mg/dL) 0.33-0.80 0.33-0.97 0.3-0.9 0.85-1.1
Serum albumin (g/dL) 3.2-4.7 2.7-4.2 2.3-4.2 2.4-3.9
Uric acid (mg/dL) 1.3-4.2 1.6-5.4 2.0-6.3 2.4-7.2
Urine volume (mL/24 hr) 750-2500 850-2,400 750-2700 550-3900
Creatinine clearance (mL/min) 69-188 55-168 40-192 52-208
Urine protein (mg/24 hr) 19-141 47-186 46-185 —
Urine protein/creatinine ratio <0.3 <0.3 <0.3 <0.3

(mg/mg); diagnosis of Consider 24-hr collection Consider 24-hr collection Consider 24-hr collection Consider 24- hr collection
proteinuria when 0.15 to 0.29 when 0.15 to 0.29 when 0.15 to 0.29 when 0.15 to 0.29

Data from Ezimokhai M, Davison JM , Philips PR, Dunlop W. Non-postural serial changes in renal function during the third trimester of normal human pregnancy. B r J  Obstet 
Gynaecol. 1981 ;88:465; Higby K, Suiter J , Phelps JY, et al. Normal values of urinary albumin and total protein excretion during pregnancy. Am J  O bstet Gynecol. 1994; 171:984; Larsson 
A, Palm M, Hansson L-O, Axelsson O. Reference values for clinical chemistry tests during normal pregnancy. BJOG. 2008; 15:874; Lockitch G. Handbook o f  D iagnostic B iochem istry a n d  
H em atology in  N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; Milman N, Bergholt T, Byg KE, Eriksen L, Hvas AM. Reference intervals for haematologic variables during normal 
pregnancy and postpartum in 434 healthy Danish women. Eur J  Haematol. 2007;79:39; van Buul EJ, Steegers EA, Jongsma HW, et al. Haematological and biochemical profile of 
uncomplicated pregnancy in nulliparous women: a longitudinal study. N eth J  Med. 1995;46:73; And American College of Obstetricans and Gynecologists. Task Force on Hypertension 
in Pregnancy, 2013.

CHOLESTEROL AND LIPIDS

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

Total cholesterol (mg/dL) 117-229 136-299 161-349 198-341
HDL (mg/dL) 40-86 48-95 43-92 44-98
LDL (mg/dL) 39-153 41-184 42-224 86-227
VLDL (mg/dL) 10-18 13-23 15-36 25-51
Triglycerides (mg/dL) 11-209 20-293 65-464 103-440

Data from Belo L, Caslake M, Gaffney D, et al. Changes in LDL size and HDL concentration in normal and preeclamptic pregnancies. Atherosclerois. 2002; 162:425; Desoye G, 
Schweditsch MO, Pfeiffer KP, Zechner R, Kostner GM. Correlation of hormones with lipid and lipoprotein levels during normal pregnancy and postpartum. /  Clin E ndocrinol Metab. 
1987;64:704; Jimenez DM, Pocovi M, Ramon-Cajal J, Romero MA, Martinez H, Grande H. Longitudinal study of plasma lipids and lipoprotein cholesterol in normal pregnancy and 
puerperium. G ynecol Obstet Invest. 1988;25:158; Lain KY, Markovic N, Ness RB, Roberts JM . Effect of smoking on uric acid and other metabolic markers throughout normal pregnancy. 
J  Clin E ndocrinol M etab. 2005;90:5743; Lockitch G. H andbook o f  d iagn ostic b iochem istry a n d  hem ato logy in  n orm a l p regnancy. Boca Raton, FL: CRC Press; 1993.
HDL, high-density lipoprotein; LDL, low-density lipoprotein; TRI, trimester; VLDL, very-low-density lipoprotein.

HEMATOLOGIC INDICES, IRON, AND B12

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

White blood cells (103/mm3) 3.9-13.8 4.5-14.8 5.3-16.9 4.2-22.2
Neutrophils (103/mm3) 2.2-8.8 2.9-10.1 3.8-13.1 4.8-12.9
Lymphocytes (103/mm3) 0.4-3.5 0.7-3.9 0.7-3.6 0.9-2.5
Monocytes (103/mm3) 0- 1.1 0- 1.1 0-1.4 0-0.8
Eosinophils (103/mm3) 0-0.6 0-0.6 0-0.6 '—
Basophils (103/mm3) 0-0.1 0-0.1 0- 0.1 —

Platelet count (109/L) 149-433 135-391 121-429 121-397
Hemoglobin (g/dL) 11.0-14.3 10.5-13.7 11.0-13.8 11.0-14.6
Hematocrit (%) 33-41 32-38 33-40 33-42
Mean cell volume (fL) 81-96 82-97 81-99 82-100
Mean corpuscular hemoglobin (pg) 27-33 — 28-33 28-34
Free erythrocyte protoporphyrin (|J.g/g) <3 <3 <3 <3
Ferritin (serum, ng/mL) 10-123 10-101 10-48 10-64
Total iron binding capacity ((Ig/dL) 246-400 216-400 354-400 317-400
Iron ((Ig/dL) 40-215 40-220 40-193 40-193
Folate (serum, ng/mL) 2.3-39.3 2.6-15 1.6-40.2 1.7-19.3
Transferrin saturation (%) >16 >16 >16 >16
B,2 (pg/mL) 118-438 130-656 99-526 —

Data from American College of Obstetricians and Gynecologists. Anemia in Pregnancy. ACOG Practice Bulletin No. 95. Obstet Gynecol. 112:201, 2008; Balloch AJ, Cauchi MN. 
Reference ranges in haematology parameters in pregnancy derived from patient populations. Clin Lab Haemetol. 1993; 15:7; Lockitch G. Handbook o f  D iagnostic B iochem istry a n d  
H em atology in  N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; Malkasian GD, Tauxe WN, Hagedom AB. Total iron binding capacity in normal pregnancy. J  N uclear Med. 
1964;5:243; Milman N, Agger OA, Nielsen OJ. Iron supplementation during pregnancy. Effect on iron status markers, serum erythropoietin and human placental lactogen. A placebo 
controlled study in 207 Danish women. Dan M ed  Bull. 1991 ;38:471; Milman N, Bergholt T, Byg KE, Eriksen L, Hvas AM. Reference intervals for haematologic variables during 
normal pregnancy and postpartum in 434 healthy Danish women. Eur J  Haematol. 2007;79:39; Romslo I, Haram K, Sagen N, Augensen K. Iron requirements in normal pregnancy as 
assessed by serum ferritin, serum transferring saturation and erythrocyte protoporphryin determinations. Br J  Obstet Gynaecol. 1983:90:101; Tamura T, Goldenberg RL, Freeberg LE, 
Cliver SP, Cutter GR, Hoffman HJ. Maternal serum folate and zinc concentrations and their relationship to pregnancy outcome. Am J  C lin Nutr. 1992;56:365; van Buul EJ, Steegers 
EA, Jongsma HW, et al. Haematological and biochemical profile of uncomplicated pregnancy in nulliparous women; a longitudinal study. N eth J  Med. 1995;46:73; Walker M C, Smith 
GN, Perkins SL, Keely EJ, Garner PR. Changes in homocysteine levels during normal pregnancy. Am J  Obstet Gynecol. 1999; 180:660.
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HOMOCYSTEINE, VITAMIN, AND MINERAL LEVELS_____________________________ ________________________

1217

Homocysteine (^lmol/L) 
Homocysteine (jlmol/L), on folate 
Vitamin D 25(OH)D (ng/mL) 
Copper ((ig/dL)
Selenium (|i.g/L)
Zinc ({Ig/dL)___________________

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

4.1-7.7 3.3-11.0 3.9-11.1 4.7-12.8
5.0-7.6 2.9-5.5 3.1-5.8 —

>30 >30 >30 >30
69-241 117-253 127-274 163-283
98-160 85-164 84-162 84-144
51-101 43-93 41-88 39-71

Data from Izquierdo Alvarez S, Castanon SG, Ruata ML, et al. Updating of normal levels of copper, zinc and selenium in serum of pregnant women. /  Trace Elem M ed  Biol. 2007:21:49; 
Ardawi MS, Nasrat HA, BA’Aqueel HS: Calcium-regulating hormones and parathyroid hormone-related peptide in normal human pregnancy and postpartum: a longitudinal study. Eur 
J  E ndocrinol 1997-137-402; Dawson-Hughes B, Heany RP, Holick MF, et al. Estimates of optimal vitamin D status. Osteopor Int. 2005;16:713; Lockitch G. Handbook o f  D iagnostic 
B iochem istry a n d  H em atology in  N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; Milman N, Bergholt T, Byg KE, Eriksen L, Hvas AM. Reference intervals for haematologic 
variables during normal pregnancy and postpartum in 434 healthy Danish women. Eur J  Haematol. 2007; 79:39; Mimouni F, Tsang RC, Hertzberg VS, Neumann V, Ellis K. Parathyroid 
hormone and calcitor: changes in normal and insulin dependent diabetic pregnancies. Obstet Gynecol. 1989;74:49; Murphy MM, Scott JM , McPartlin JM , Fernandez-Ballart JD: The 
pregnancy-related decrease in fasting plasma homocysteine is not explained by folic acid supplementation, hemodilution, or a decrease in albumin in a longitudinal study. Am J  Clin 
Nutr. 2002;76:614; Qvist I, Abdulla M , Jagerstad M, Svensson S. Iron, zinc and folate status during pregnancy and two months after delivery. Acta Obstet G ynecol Scand. 1986;65:15; 
Walker MC, Smith GN, Perkins SL, Keely EJ, Garner PR. Changes in homocysteine levels during normal pregnancy. Am J  Obstet Gynecol. 1999; 180:660.

CALCIUM METABOLISM
FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

Total calcium (mg/dL) 8.5-10.6 7.8-9.4 7.8-9.7 8.1-9.8
Ionized calcium (mg/dL) 4.4-5.3 4.2-5.2 4.4-5.5 1 '  '
Parathyroid hormone (pg/mL) 7-15_____  5-25 5-26

Data from Ardawi M SM , Nasrat HAN, BA’Aqueel HS. Calcium-regulating hormones and parathyroid hormone-related peptide in normal human pregnancy and postpartum: a 
longitudinal study. Eur J  Endocrinol. 1997; 137:402; Lockitch G. Handbook o f  D iagnostic B iochem istry a n d  H em atology in  N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; Mimouni 
F, Tsang RC, Hertzberg VS, Neumann V, Ellis K. Parathyroid hormone and calcitrol changes in normal and insulin dependent diabetic pregnancies. Obstet Gynecol. 1989;74:49; Pitkin 
RM, Reynolds WA, Williams GA, Hargis GK. Calcium metabolism in normal pregnancy: a longitudinal study. Am J  Obstet Gynecol. 1979; 133:781; Seki K, Makimura N, Mitsui C, 
et al. Calcium-regulating hormones and osteocalcin levels during pregnancy: a longitudinal study. Am J  Obstet Gynecol. 1991; 164:1248.

COAGULATION
FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

8.9-12.2 8.6-13.4 8.3-12.9 7.9-12.7
0.89-1.05 0.85-0.97 0.81-0.95 0.80-0.94
24.3-38.9 24.2-38.1 23.9-35.0 23.0-34.9
278-676 258-612 276-857 444-670

0.04-0.50 0.05-2.21 0.16-2.8 —
89-112 88-112 81-135 82-138
<60% <60% <60% <60%
78-121 83-132 73-125 67-120

<60% FA <60% FA <60% FA <60% FA
39-105 27-101 33-101 —
34-133 19-113 20-69 37-70
57-95 42-68 16-42 —

NA <30% <24% <24%
70-224 73-214 74-179 68-194
46-188 66-185 34-195 39-184
60-206 80-280 84-312 87-336
62-169 74-177 78-194 72-208

— — 121-258 132-260

Prothrombin time (sec)
International normalized ratio 
Partial thromboplastin time (sec)
Fibrinogen (mg/dL)
D-dimer (|lg/mL)
Antithrombin III (%)
Antithrombin III deficiency diagnostic criteria 
Protein C, FA (%)
Protein-C deficiency diagnostic criteria 
Protein S, total (%)
Protein S, free (%)
Protein S, FA (%)
Protein-S deficiency diagnostic criteria, FA% 
Factor II (%)
Factor V (%)
Factor VII (%)
Factor X (%)
Von Willebrand factor (%)

Data from Cerneca F, Ricci G, Simeone R, et al. Coagulation and fibrinolysis changes in normal pregnancy. Increased levels of procoagulants and reduced levels of inhibitors during 
pregnancy induce a hypercoagulable state, combined with a reactive fibrinolysis. Eur J  Obstet G ynecol R eprod Biol. 1997;73:31; Choi JW, Pai SH. Tissue plasminogen activator levels 
change with plasma fibrinogen concentrations during pregnancy. Ann Hematol. 1997:81:611; Faught W, Garner P, Jones G, Ivey B. Changes in protein C and protein S levels in normal 
pregnancy. Am ]  O bsttt Gynecol. 1995:172:147; Francalanci I, Comeglio P, Liotta AA, Cellai AP, Fedi S, Parretti E. D-dimer concentrations during normal pregnancy, as measured by 
ELISA. Thromb Res. 1995;78:399; Lefkowitz JB, Clarke SH, Barbour LA. Comparison of protein S functional and antigenic assays in normal pregnancy. Am J  Obstet Gynecol.
1996; 175:657; Lockitch G. Handbook of diagnostic biochemistry and hematology in normal pregnancy. Boca Raton, FL: CRC Press; 1993; Morse M. Establishing a normal range for 
d-dimer levels through pregnancy to aid in the diagnosis of pulmonary embolism and deep vein thrombosis. J  Thromb Haemost. 2004;2:1202; Stirling Y, Woolf L, North WR, 
Sebhatchian MJ, Meade TW. Haemostasis in normal pregnancy. Thromb Haemost. 1984;52:176; Wickstrom K, Edelstam G, Lowbeer CH, Hansson LO, Siegbahn A. Reference intervals 
for plasma levels of fibroenectin, von Willebrand factor, free protein S and antithrombin during third trimester pregnancy. Scand  J  Clin Lab Invest. 2004;64:31; Inherited thrombophilias 
in pregnancy. Practice Bulletin No. 138 American College of Obstetricians and Gynecologists. Obstet Gynecol. 2013;122:706-717.
FA, functional activity.
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INFLAMMATION AND IMMUNE FUNCTION
FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM

C-reactive protein (mg/L) 0.52-15.5 0.78-16.9 0.44-19.7
C3 complement (mg/dL) 44-116 51-119 60-126 64-131
C4 complement (mg/dL) 9-45 10-42 11-43 16-44
Erythrocyte sedimentation rate (mm/h) 4-57 7-83 12-90.5
Immunoglobulin A (mg/dL) 21-317 23-343 12-364 14-338
Immunoglobulin G (mg/dL) 838-1410 654-1330 481-1273 554-1162
Immunoglobulin M (mg/dL) 10-309 20-306 0-361 0-320

Data from Saarelainen H, Valtonen P, Punnonen K, et al. Flow mediated vasoldilation and circulating concentrations of high sensitive C-reactive protein, interleukin-6 and tumor 
necrosis factor-alpha in normal pregnancy—The Cardiovascular Risk in Young Finns Study. Clin Physiol Funct Imaging. 2009;29:347; Van den Brock NR, Letsky EA. Pregnancy and the 
erythrocyte sedimentation rate. BJOG. 2001; 108:1164; Lockitch G. Handbook of diagnostic biochemistry and hematology in normal pregnancy. Boca Raton, FL: CRC Press; 1993.

ENDOCRINE TESTS

FIRST TRIMESTER SECOND TRIMESTER THIRD TRIMESTER TERM
Cortisol (|lg/dL) 7-23 6-51 12-60 21-64
Aldosterone (ng/dL) 6-104 9-104 15-101
Thyroid-stimulating hormone (H-IU/mL) 0.1-4.4 0.4-5.0 0.23-4.4 0.0-5.3
Thyroxine, free (ng/dL) 0.7-1.58 0.4-1.4 0.3-1.3 0.3-1.3
Thyroxine, total ((Ig/dL) 3.6-9.0 4.0-8.9 3.5-8.6 3.9-8.3
Triiodothyronine, free (pg/mL) 2.3-4.4 2.2-4.2 2.1-3.7 2.1-3.5
Triiodothyronine, total (ng/dL) 71-175 84-195 97-182 84-214

Data from Goland R, Jozak S, Conwell I. Placental corticotropin-releasing hormone and the hypercortisolism of pregnancy. Am J  Obstet Gynecol. 1994; 171:1287; Larsson A, Palm M, 
Hansson L-O, Axelsson O. Reference values for clinical chemistry tests during normal pregnancy. BJOG. 2008; 15:874; Lockitch G. Handbook o f  D iagnostic B iochem istry a n d  H em atology 
in  N ormal Pregnancy. Boca Raton, FL: CRC Press; 1993; Mandel SJ, Spencer CA, Hollowell JG. Are detection and treatment of thyroid insufficiency in pregnancy feasible? Thyroid. 
2005; 15:44; Price A, Obel O, Cresswell J, et al. Comparison of thyroid fimction in pregnant and non-pregnant Asian and western Caucasian women. Clin Chim Acta. 2001:308:91; 
Bl'ddal S, Feldt-Rasmussen U, Boas M et al. Gestational-age-specific references ranges from different laboratories misclassifies pregnant women's thyroid status; comparison of two 
longitudinal prospective cohort studies. Eur J  Endocrinol. 2013; 170;329.

UMBILICAL CORD BLOOD GAS VALUES AND 
HEMATOLOGIC PARAMETERS*

ARTERY VEIN

pH 7.06-7.36 7.14-7.45
PC02 (mm Hg) 27.8-68.3 24.0-56.3
Po2 (mm Hg) 9.8-41.2 12.3-45.0
Base deficit (mmol/L) 0.5-15.3 0.7-12.6
White blood cell count (109/L) 11.1-16.2
Red blood cell count (1012/L) 4.13-4.62
Hemoglobin (g/dL) 15.3-17.2
Hematocrit (%) 45.2-50.9
Mean corpuscular volume (fL) 107.4-113.3
Platelet count (109/L) 237-321
Reticulocyte count (109/L) 145.8-192.6

Data from Eskes TK, Jongsma HW, Houx PC. Percentiles for gas values in human 
umbilical cord blood. Eur J  Obstet G ynecol R eprod Biol. 1983:14:341; Mercelina-Roumans 
P, Breukers R, Ubachs, J, Van Wersch J. Hematological variables in cord blood of 
neonates of smoking and non-smoking mothers. J  Clin Epidemiol. 1996;49:449.
^Ranges represent 25th to 75th percentiles.

RELATIONSHIP BETWEEN MEAN AMNIOTIC SAC 
DIAMETER AND MENSTRUAL AGE

AN SAC 
METER

PREDICTED 
AGE (DAYS) 95%  Cl

2 34.9 34.3-35.5
3 35.8 35.2-36.3
4 36.6 36.1-37.2
5 37.5 37.0-38.0
6 38.4 37.9-38.9
7 39.3 38.9-39.7
8 40.2 39.8-40.6
9 41.1 40.7-41.4

10 41.9 41.6-42.3
11 42.8 42.5-43.2
12 43.7 43.4-44.0
13 44.6 44.3-44.9
14 45.5 45.2-45.8
15 46.3 46.0-46.6
16 47.2 46.9-47.5
17 48.1 47.8-48.4
18 49 48.6-49.4
19 49.9 49.5-50.3
20 50.8 50.3-51.2
21 51.6 51.2-52.1
22 52.5 52.0-53.0
23 53.4 52.9-53.9
24 54.3 53.7-54.8

From Daya S, Wood S, Ward S, et al. Early pregnancy assessment with tranSvaginal 
ultrasound scanning. Can M ed  Assoc J . 1991; 144:444.
CI, confidence interval.
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CROWN-RUMP LENGTH (6-18 WEEKS)

CROW N-RUMP M EN STR U AL CROW N-RUMP
LENGTH (M M ) AGE (WEEKS) LENGTH (M M )

1 1 30
2 2 32
3 5.9 33
4 6.1 34
5 6.2 35
6 6.4 36
7 6.6 37
8 6.7 38
9 6.9 39

10 7.1 40
11 7.2 41
12 7.4 42
13 7.5 43
14 7.7 44
15 7.9 45
16 8.0 46
17 8.1 47
18 8.3 48
19 8.4 49
20 8.6 50
21 8.7 51
22 8.9 52
23 9.0 53
24 9.1 54
25 9.2 55
26 9.4 56
27 9.5 57
28 9.6 58
29 9.7 59
30 9.9 _______________ 60

From Hadlock FP, Shah YP, Kanon DJ, Lindsey JV. Fetal crown-rump length: reevaluation 
1992:182:501.

M ENSTRUAL 
AGE (WEEKS)

CROWN-RUMP 
LENGTH (MM )

M ENSTRUAL 
AGE (WEEKS)

10.0 61 12.6
10.1 62 12.6
10.2 63 12.7
10.3 64 12.8
10.4 65 12.8
10.5 66 12.9
10.6 67 13.0
10.7 68 13.1
10.8 69 13.1
10.9 70 13.2
11.0 71 13.3
11.1 72 13.4
11.2 73 13.4
11.2 74 13.5
11.3 75 13.6
11.4 76 13.7
11.5 77 13.7
11.6 78 13.8
11.7 79 13.9
11.7 80 14.0
11.8 81 14.1
11.9 82 14.2
12.0 83 14.2
12.0 84 14.3
12.1 85 14.4
12.2 86 14.5
12.3 87 14.6
12.3 88 14.7
12.4 89 14.8
12.5 90 14.9

of relation to menstrual age (5-18 weeks) with high-resolution real-time US Radiology.

HEAD CIRCUMFERENCE ___________________

HEAD CIRCUMFERENCE (CM)
M ENSTRUAL 
AGE (WEEKS) 3 r d 1 0 th 5 0 th 9 0 t h 9 7 t h

14.0 8.8 9.1 9.7 10.3 10.6
15.0 10.0 10.4 11.0 11.6 12.0
16.0 11.3 11.7 12.4 13.1 13.5
17.0 12.6 13.0 13.8 14.6 15.0
18.0 13.7 14.2 15.1 16.0 16.5
19.0 14.9 15.5 16.4 17.4 17.9
20.0 16.1 16.7 17.7 18.7 19.3
21.0 17.2 17.8 18.9 20.0 20.6
22.0 18.3 18.9 20.12 21.3 21.9
23.0 19.4 20.1 21.3 22.5 23.2
24.0 20.4 21.1 22.4 23.7 24.3
25.0 21.4 22.2 23.5 24.9 25.6
26.0 22.4 23.2 24.6 26.0 26.8
27.0 23.3 24.1 25.6 27.0 27.9
28.0 24.2 25.1 26.6 28.1 29.0
29.0 25.0 25.9 27.5 29.1 30.0
30.0 25.8 26.8 28.4 30.0 31.0
31.0 26.7 27.6 29.3 31.0 31.9
32.0 27.4 28.4 30.1 31.8 32.8
33.0 28.0 29.0 30.8 32.6 33.6
34.0 28.7 29.7 31.5 33.3 34.3
35.0 29.3 30.4 32.2 34.1 35.1
36.0 29.9 30.9 32.8 34.7 35.8
37.0 30.3 31.4 33.3 35.2 36.3
38.0 30.8 31.9 33.8 35.8 36.8
39.0 31.1 32.2 34.2 36.2 37.3
40.0 31.5 32.6 34.6 36.6 37.7

From Hadlock FP, Deter RL, Harrist RB, Park SK. Estimating fetal age: computer- 
assisted analysis of multiple fetal growth parameters. Radiology. 1984:152:497.

ABDOMINAL CIRCUMFERENCE

A B D O M IN A L CIRCUMFERENCE (CM)
M b N 5  1 KvJAL
AGE (WEEKS) 3 r d 1 0 th 5 0 th 9 0 th 9 7 th

14.0 6.4 6.7 7.3 7.9 8.3
15.0 7.5 7.9 8.6 9.3 9.7
16.0 8.6 9.1 9.9 10.7 11.2
17.0 9.7 10.3 11.2 12.1 12.7
18.0 10.9 11.5 12.5 13.5 14.1
19.0 11.9 12.6 13.7 14.8 15.5
20.0 13.1 13.8 15.0 16.3 17.0
21.0 14.1 14.9 16.2 17.6 18.3
22.0 15.1 16.0 17.4 18.8 19.7
23.0 16.1 17.0 18.5 20.0 20.9
24.0 17.1 18.1 19.7 21.3 22.3
25.0 18.1 19.1 20.8 22.5 23.5
26.0 19.1 20.1 21.9 23.87 24.8
27.0 20.0 21.1 23.0 24.9 26.0
28.0 20.9 22.0 24.0 26.0 27.1
29.0 21.8 23.0 25.1 27.2 28.4
30.0 22.7 23.9 26.1 28.3 29.5
31.0 23.6 24.9 27.1 29.4 30.6
32.0 24.5 25.8 28.1 30.4 31.8
33.0 25.3 26.7 29.1 31.5 32.9
34.0 26.1 27.5 30.0 32.5 33.9
35.0 26.9 28.3 30.9 33.5 34.9
36.0 27.7 29.2 31.8 34.4 35.9
37.0 28.5 30.0 32.7 35.4 37.0
38.0 29.2 30.8 33.6 36.4 38.0
39.0 29.9 31.6 34.4 37.3 38.9
40.0 30.7 32.4 35.3 38.2 39.9

From Hadlock FP, Deter RL, Harrist RB, Park SK. Estimating fetal age: computer- 
assisted analysis of multiple fetal growth parameters. Radiology. 1984:152:497.
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FEMUR LENGTH HUMERUS LENGTH

G ESTATIO NAL
FEMUR (M M )

G ESTATIO N AL
HUM ERUS (M M )

AGE (WEEKS) 5 t h 5 0 th 9 5 t h AGE (WEEKS) 5 t h 5 0 th 9 5 t h

12 3.9 8.1 12.3 12 4 .8 8 .6 12.3
13 6.8 11.0 15 .2 13 7 .6 11 .4 15 .1
14 9 .7 13 .9 18.1 14 10.3 14 .1 17 .9
15 12 .6 16.8 2 1 .0 15 13.1 16.9 20 .7
16 15 .4 19 .7 23 .9 16 15.8 19 .7 23.5
17 18.3 22 .5 26.8 17 2 1 .2 22 .4 26 .3
18 2 1 .1 25.4 29 .7 18 23.8 25.1 29 .0
19 23 .9 28 .2 32 .6 19 26.3 27 .7 3 1 .6
20 26 .7 31 .0 35.4 20 28.8 30 .3 34 .2
21 29 .4 33.8 38.2 21 3 1 .2 32.8 36 .7
22 32.1 36.5 40 .9 22 33.5 35 .2 39 .2
23 34 .7 39 .2 43 .6 23 33.5 37 .5 4 1 .6
24 37 .4 4 1 .8 46 .3 24 35 .7 39 .8 43.8
25 39.9 44 .4 48.9 25 37.9 4 1 .9 46 .0
26 42 .4 46 .9 5 1 .4 26 39.9 44 .0 48 .1
27 44 .9 49 .4 53.9 27 4 1 .9 46 .0 50.1
28 47 .3 51.8 56.4 28 43 .7 47 .9 52.0
29 49 .6 54.2 58.7 29 45.5 49 .7 53.9
30 51.8 56.4 6 1 .0 30 47 .2 5 1 .4 55 .6
31 54.0 58.6 63 .2 31 48 .9 53.1 57.3
32 56.1 60 .7 65 .4 32 50.4 54 .7 58.9
33 58.1 62 .7 67 .4 33 52.0 56.2 60.5
34 60.0 64 .7 69 .4 34 53.4 57 .7 62 .0
35 6 1 .8 66.5 7 1 .2 35 54.8 59.2 63.5
36 63.5 68.3 73 .0 36 56.2 60 .6 64 .9
37 65.1 69 .9 74 .7 37 57.6 62 .0 66 .4
38 66 .6 7 1 .4 76 .2 38 59.0 63 .4 67 .8
39 68.0 72 .8 77 .7 39 60 .4 64.8 69 .3
40 69.3 74 .2 79 .0 40 6 1 .9 66 .3 70 .8

From Jeanty P, Cousaert E, Cantaine F, et al. A longitudinal study o f fetal limb growth. 
Am J  Perinatol. 1984; 1:136.

From jeanty P, Cousaert E, Cantaine F, Hobbins JC, Tack B, et al. A  longitudinal study 
of fetal limb growth. Am J  P erinatol. 1984; 1:136.

TIBIA LENGTH FIBULA LENGTH

G ESTATIO N AL
T IB IA  (MM )

G ESTATIO N AL
FIBU LA (M M )

AGE (WEEKS) 5 t h 5 0 th 9 5 th AG E (WEEKS) 5 t h 5 0 th 9 5 t h

12 3.3 8.2 11 .2 12 1.7 5.7 9 .6
13 5.6 9.6 13 .6 13 4 .7 8 .7 12 .7
14 8.1 12.0 16.0 14 7 .7 1 1 .7 15 .6
15 10 .6 14 .6 18 .6 15 10 .6 14 .6 18 .6
16 13.1 17 .1 2 1 .2 16 13 .3 17 .4 2 1 .4
17 15 .6 19 .7 23.8 17 16 .1 20 .1 24 .2
18 18 .2 22.3 26 .4 18 18 .7 22 .8 26 .9
19 20.8 24.9 29 .0 19 2 1 .3 25 .4 29.5
20 23 .3 27.5 3 1 .6 20 23 .8 27 .9 32 .0
21 25 .8 30.0 34 .2 21 26 .2 30 .3 34.5
22 28.3 32.5 36 .7 22 28.5 32 .7 36 .9
23 30 .7 34.9 39 .1 23 30.8 35 .0 39 .2
24 33.1 37.3 4 1 .6 24 33 .0 37 .2 41 .5
25 35 .4 39 .7 43 .9 25 35.1 39 .4 43 .6
26 37.6 4 1 .9 46 .2 26 37 .2 4 1 .5 4 5 .7
27 39.8 44 .1 48 .4 27 39 .2 43 .5 47 .8
28 4 1 .9 46 .2 50.5 28 4 1 .1 45 .4 49 .7
29 43 .9 48 .2 52.6 29 42 .9 47 .2 5 1 .6
30 45 .8 50.1 54.5 30 44 .7 49 .0 53.4
31 47 .6 52.0 56.4 31 46 .3 50 .7 55.1
32 49 .4 53.8 58.2 32 47 .9 52.4 56.8
33 5 1.1 55.5 60 .0 33 49 .5 53.9 58.4
34 52.7 57.2 6 1 .6 34 50.9 55.4 59.9
35 54.2 58.7 63 .2 35 52.3 56.8 6 1 .3
36 4 1 .2 60.3 64 .8 36 53.6 58.2 62 .7
37 55.8 6 1 .8 66.3 37 54.9 59.4 64 .0
38 58.7 63.2 67.8 38 56.0 60 .6 65 .2
39 60.1 64 .7 69.3 39 57.1 6 1 .7 66.3
40 6 1 .5 66 .1 70 .7 40 58.1 62 .8 67.4

From Jeanty P, Cousaert E, Cantaine F, et al. A longitudinal study of fetal limb growth. 
Am J  Perinatol. 1984; 1:136.

From Exacoustos C, Rosati P, Rizzo G, Arduini D. Ultrasound measurements of fetal 
limb bones. Ultrasound Obstet Gynecol. 1991; 1:325.

ak
us

he
r-li

b.r
u



Appendix I Normal Values in Pregnancy and Ultrasound Measurements

RADIUS LENGTH ULNA LENGTH

G ESTATIO N AL
RAD IU S (M M )

(WEEKS) 5 t h 5 0 th 9 5 th

12 3.0 6 .9 10.8
13 5.6 9.5 13 .4
14 8.1 12 .0 16.0
15 10.5 14.5 18.5
16 12 .9 16.9 20 .9
17 15 .2 19.3 23.3
18 17.5 21 .5 25 .6
19 19 .7 23.8 27 .9
20 21 .8 25 .9 30 .0
21 23 .9 28 .0 32 .2
22 25 .9 30 .1 34 .2
23 27 .9 32 .0 36 .2
24 29 .7 34 .0 38.2

25 3 1 .6 35 .8 40 .0
26 33.3 37 .6 4 1 .9
27 35.0 39.3 43 .6
28 36.7 4 1 .0 45 .3
29 38.3 42 .6 46 .9
30 39.8 44 .1 48 .5
31 4 1 .2 45 .6 50.0
32 42 .6 47 .0 5 1 .4

33 44 .0 48 .4 52.8
34 45 .2 49 .7 54.1
35 46 .4 50.9 55.4
36 47 .6 52 .1 56.6
37 48 .7 53.2 57.7
38 49 .7 54.2 58.8
39 50.6 55.2 59.8
40 51.5 56.2 60.8

From Exacoustos C, Rosati P, Rizzo G, Arduini D. Ultrasound measurements of fetal 
limb bones. U ltrasound Obstet Gynecol. 1991; 1:325.

G ESTATIO NAL 
AGE (WEEKS)

U LN A  (MM )

5 t h 5 0 th 9 5 t h

12 2.9 6.8 10 .7
13 5.8 9.7 13 .7
14 8.6 12 .6 16 .6

15 11 .4 15 .4 19.4
16 14 .1 18.1 22 .1
17 16 .7 20.8 24.8
18 19 .3 23 .3 27 .4

19 2 1 .8 25.8 29 .9
20 24 .2 28 .3 32 .4
21 26.5 30.6 34.8
22 28 .7 32.9 37 .1
23 30.9 35 .1 39.3
24 33.0 37 .2 4 1 .5
25 35.1 39.3 43 .5
26 37.0 4 1 .3 45 .6

27 38 .9 43 .2 47.5
28 40 .7 45 .0 49 .3
29 42 .5 46 .8 5 1.1
30 44 .1 48 .5 52.8

31 45 .7 50.1 54.5
32 47 .2 5 1 .6 56.1

33 48 .7 53.1 57.5
34 50.0 54.5 59.0

35 51 .3 55.8 60.3
36 52.6 57.1 6 1 .6

37 53.7 58.2 62 .8
38 54.8 59.3 63.9
39 55.8 60 .4 64 .9
40 56 .7 6 1 .3 65 .9

From Jeanty P, Cousaert E, Cantaine F, et al. A longitudinal study of fetal limb growth. 
Am J  Perinatol. 1984;1:136.

FOOT LENGTH

rA T IO N A L
(WEEKS)

-2  SD 
(M M )

M EAN
(PREDICTED) (MM )

+2 SD 
(M M )

12 7 8 9
13 10 11 12
14 13 15 16

15 16 18 20
16 19 21 23
17 22 24 27
18 24 27 30
19 27 30 34
20 30 33 37
21 32 36 40
22 35 39 43
23 37 42 46
24 40 45 50
25 42 47 53
26 45 50 55
27 4 7 53 58
28 49 55 61
29 51 58 64
30 54 60 67
31 56 62 68
32 58 65 72
33 60 67 74
34 62 69 77
35 64 71 79
36 66 74 82

37 67 76 84
38 69 78 86

39 71 80 88
40 72 81 90

From Mercer BM, Sklar S, Shariatmadar A, Gillieson MS, D’Alton ME. Fetal foot length 
as a predictor of gestation age. Am J  Obstet Gynecol. 1987; 156:350.
SD, standard deviation.

ak
us

he
r-li

b.r
u



1222 Appendices

TRANSCEREBELLAR DIAMETER

PERCENTILE VALU ES (M M )

(WEEKS) 5 t h 1 0 th 5 0 th 9 0 th 9 5 t h M EAN SD

15 14 .2 14.5 15.8 17.1 17 .4 14 .6 1.4
16 14 .6 15.0 16.5 17 .9 18 .3 16.1 1.0
17 15 .2 15.6 17 .3 18 .9 19 .3 17.1 1.0
18 15 .9 16 .4 18.2 19 .9 20.5 18.3 1.2
19 16.8 17.3 19 .2 2 1 .1 2 1 .7 19 .4 1.1
20 17 .7 18.3 20 .4 22 .4 23 .0 20.3 1.2
21 18.8 19.4 2 1 .6 23.8 24.5 2 1 .4 1.3
22 19 .9 20 .5 23 .0 25.3 26 .0 22.8 1.8
23 2 1 .2 2 1 .8 24 .4 26.8 27 .6 24 .3 1.6
24 22.5 23 .2 25 .9 28.5 29 .3 25 .9 1.7
25 23.9 24 .6 27 .4 30 .2 3 1 .0 27 .6 1.6
26 25.3 26 .0 29.1 3 1 .9 32.8 29 .1 1.8
27 26.7 27 .6 30 .7 33.8 34 .7 30 .8 1.7
28 28.2 29.1 32 .4 35 .6 36 .6 32.5 1.8
29 29.8 30 .7 34 .2 35 .6 36 .6 32.5 1.7
30 3 1 .3 32 .2 35 .9 39.5 40 .6 36 .0 2.2
31 32.8 33.8 37 .7 4 1 .5 42 .6 37 .8 2.4
32 34.4 35 .4 39.5 43 .4 44 .7 39 .2 2.4
33 35.9 37 .0 4 1 .3 45 .4 46 .7 4 1 .4 2.6
34 37.3 38.5 43 .1 47 .4 48 .8 42 .9 2.7
35 38.8 40 .0 44 .8 49 .5 50.9 44 .7 3.0
36 40.1 4 1 .4 46 .5 5 1 .4 53 .0 46 .6 3.4
37 4 1 .4 42 .8 48 .2 53.4 55.0 48 .0 3.2
38 42 .7 44.1 49 .9 55.4 57 .1 49 .8 3.3

From Chavez MR, Ananth CV, Smulian JC , Lashley S, Kontopoulos EV, Vintzileos AM. Fetal transcerebellar diameter nomogram in singleton gestations with special emphasis in the 
third trimester: a ccomparison with previously published nomograms. Am J  Obstet Gynecol. 2003; 189:1021.
SD, standard deviation.

AMNIOTIC FLUID INDEX SMALL HEAD CIRCUMFERENCE MEASUREMENTS

G ESTATIO NAL AGE (WEEKS) - 2  SD - 3  SD - 4  SD - 5  SD
AGE (WEEKS) 2.5TH 5TH 50TH 95TH 97.5TH 20 145 131 1 1 6 101

16 73 79 121 185 201 21 157 143 128 113
17 77 83 128 194 2 1 1 22 169 154 140 125
18 80 87 133 202 220 23 180 166 151 136
19 83 90 138 207 225 24 191 177 162 147
20 86 93 141 2 1 2 230 25 202 188 173 158
21 88 95 144 2 1 4 233 26 2 13 198 183 169
22 89 97 146 2 1 6 235 27 223 208 194 179
23 90 98 147 2 18 237 28 233 2 18 203 189
24 90 98 148 2 1 9 238 29 242 227 2 13 198
25 89 97 148 221 240 30 251 236 222 207
26 89 97 148 223 242 31 260 245 230 2 1 6
27 85 95 148 226 245 32 268 253 239 224
28 86 94 148 228 249 33 276 261 246 232
29 84 92 147 231 254 34 283 268 253 239
30 82 90 147 234 258 35 289 275 260 245
31 79 88 146 238 263 36 295 281 266 251
32 77 86 146 242 269 37 301 286 272 257
33 64 83 145 245 274 38 306 29 1 276 262
34 72 81 144 248 278 39 3 1 0 295 281 266
35 70 79 142 249 279 40 3 1 4 299 284 270
36 68 77 140 249 279
37 66 75 138 244 275 From Chervenak FA, Jeanty P, Cantraine F, et al. The diagnosis o f fetal microcephaly. A?

38 65 73 134 239 269
J  O bstet Gynecol. 1984; 149:512. 
SD. standard deviation.

39 64 72 130 226 255
40 63 71 125 2 1 4 240
41 63 70 119 194 2 16
42 63 69 112 175 192

From Moore TR, Gayle JE. The amniotic fluid index in normal human pregnancy. Am J  
O bstet Gynecol. 1990; 162:1168.
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A p p e n d ix  I N orm a l Values in P regnancy and U ltrasound  M easurem ents  

UMBILICAL ARTERY RESISTANCE INDEX AND SYSTOLIC/DIASTOLIC RATIO _____________________________
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5TH PERCENTILE 50TH PERCENTILE ______95TH PERCENTILE

(WEEKS) S/D PI RI S/D PI RI S/D PI RI

19 2 .93 1.02 0 .66 4.28 1.3 0.77 6 .73 1.66 0 .88

20 2.83 0 .99 0 .65 4 .1 1 1.27 0.75 6 .43 1.62 0 .87

21 2.7 0 .95 0.64 3 .91 1.22 0.74 6 .09 1.58 0 .85

22 2.6 0.92 0.62 3 .77 1 .19 0 .73 5.85 1.54 0 .84

23 2.51 0.89 0.61 3 .62 1.15 0 .72 5.61 1.5 0 .83

24 2.41 0 .86 0.6 3 .48 1 .12 0.71 5.38 1.47 0 .82

25 2 .33 0 .83 0 .58 3.35 1.09 0.69 5 .18 1.44 0 .8 1

26 2 .24 0.8 0 .57 3.23 1.06 0.68 5 1.41 0.8

27 2 .17 0 .77 0 .56 3 .12 1.03 0.67 4.83 1.38 0.79

28 2.09 0 .75 0 .55 3.02 1 0.66 4 .67 1.35 0.78

29 2.03 0.72 0 .53 2 .92 0.98 0.65 4 .53 1.32 0 .77

30 1.96 0 .7 0 .52 2 .83 0.95 0 .64 4 .4 1.29 0 .76

31 1.9 0.68 0 .5 1 2 .75 0 .93 0 .63 4 .27 1.27 0 .76

32 1.84 0 .66 0.5 2 .67 0.9 0.61 4 .16 1.25 0 .75

33 1.79 0 .64 0.48 2.6 0 .88 0.6 4 .06 1.22 0.74

34 1.73 0 .62 0 .47 2.53 0 .86 0 .59 3.96 1.2 0.73

35 1.68 0 .6 0 .46 2.46 0 .84 0 .58 3.86 1.18 0.72

36 1.64 0 .58 0 .45 2.4 0 .82 0 .57 3.78 1.16 0.71

37 1.59 0 .56 0 .43 2 .34 0.8 0.56 3 .69 1.14 0.7

38 1.55 0 .55 0 .42 2 .28 0 .78 0 .55 3 .62 1 .12 0.7

39 1.51 0 .53 0.41 2 .23 0 .76 0 .54 3 .54 1.1 0 .69

40 1 .47 0 .5 1 0 .4 2 .18 0 .75 0 .53 3 .48 1.09 0 .68

41 1.43 0.5 0 .39 2 .13 0 .73 0 .52 3 .41 1 .07 0 .67

From Acharya G, Wilsgaard T, Berntscn GK, Maltau JM , Kiserud T. Reference ranges for serial measurements of the umbilical artery Doppler indices in the second half of pregnancy. 
A m ] Ob Gyn. 2005;192:937-944.
GA, gestational age; PI, pulsatility index; RI, resistance index; S/D, systolic/diastolic.

MIDDLE CEREBRAL ARTERY PULSATILITY INDEX

AGE (WEEKS) 5TH 10TH 50TH 90TH 95TH

21 1 .18 1.26 1.6 2 .04 2 .19
22 1.25 1.33 1.69 0 .15 2 .30

23 1.32 1.41 1.78 2 .25 2 .41
24 1.38 1.47 1.86 2 .36 2 .52

25 1.44 1 .54 1.94 2 .45 2 .62
26 1.50 1.6 2.01 2 .53 2 .71
27 1.55 1.65 2 .06 2 .60 2 .78
28 1.58 1.69 2 .11 2 .66 2 .84

29 1.61 1.71 2 .15 2 .70 2 .88
30 1.62 1.73 2 .16 2 .72 2 .90

31 1.62 1.73 2 .1 6 2 .71 2 .90
32 1.61 1.71 2 .14 2 .69 2 .87
33 1.58 1.68 2 .10 2 .64 2 .82
34 1.53 1.63 2 .04 2 .57 2 .74

35 1 .47 1.56 1.96 2 .47 2 .64

36 1.39 1.48 1.86 2 .36 2 .52

37 1.30 1.39 1.75 2 .22 2 .38
38 1.20 1.29 1.63 2 .07 2 .22

39 1.1 1 .18 1.49 1.91 2 .05

From Ebbing C, Rasmussen S, Kiserud T. Middle cerebral artery blood flow velocities 
and pulsatility index and the cerebtoplacental pulsatility ratio: longitudinal reference 
ranges and terms for serial measurements. U ltrasound Obstet Gynecol. 2007;30:287.ak
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Anatomy of the Pelvis *

STEVEN G. GABBE

E-Fig. A2-1

E-Fig. A2-2

E-Fig. A2-3
E-Fig. A2-4
E-Fig. A2-5
E-Fig. A2-6

E-Fig. A2-7
E-Fig. A2-8

E-Fig. A2-9
E-Fig. A2-10

E-Fig. A2-11

E-Fig. A2-12
E-Fig. A2-13

E-Fig. A2-14
E-Fig. A2-15
E-Fig. A2-16

E-Fig. A2-17
E-Fig. A2-18
E-Fig. A2-19

E-Fig. A2-20
E-Fig. A2-21
E-Fig. A2-22
E-Fig. A2-23

E-Fig. A2-24
E-Fig. A2-25
E-Fig. A2-26
E-Fig. A2-27
E-Fig. A2-28
E-Fig. A2-29

Major components of the bony pelvis, frontal 
superior view
Major ligaments and notches of the female pelvis, 
posterior view of the female pelvis 
Muscles of the pelvic diaphragm, oblique view 
Muscles of the pelvic diaphragm, superior view 
Muscles of the pelvic diaphragm, inferior view 
Fascial and peritoneal relationships of the pelvic 
diaphragm
Muscles of the deep perineal space, inferior view 
Muscles of the superficial perineal space, from 
below
Ischiorectal fossa, frontal section 
Ischiorectal fossa and urogenital diaphragm, sag
ittal section
External anal sphincter as viewed in dorsal lithot
omy position
Cutaneous nerve supply to the perineum 
Superficial perineal blood supply and nerves as 
viewed in dorsal lithotomy position 
Vessels and nerves of the deep perineal space 
Major organs of the pelvis, sagittal section 
Anatomy of the fallopian tube and ovary, poste
rior view
Anatomic regions of the uterus, lateral view 
Anatomic relationships of the uterus, lateral view 
Broad ligament and contained organs, frontal 
view
Organs of the pelvis, posterior view 
Major vessels of the pelvis, frontal view 
Major vessels of the pelvis, lateral view 
Blood supply to the uterus, fallopian tube, and 
ovary
Blood supply to the vagina 
Major lymphatics of the pelvis 
Major nerves of the pelvis, lateral view 
Afferent innervation of the female genital tract 
Changes in the uterus with age and parity 
Changes in the uterus caused by pregnancy and 
parturition

KEY POINTS

To facilitate childbearing, the female pelvis— as opposed 
to the male pelvis— is characterized by a wider subpubic 
angle, increased width of the sciatic notch, and greater 
distance from the symphysis pubis to the anterior edge 
of the acetabulum.
The levator ani, the major supporting structure for the 
pelvic viscera, is a tripartite muscle mass composed of 
the iliococcygeus, pubococcygeus, and puborectalis; the 
iliococcygeus is the broadest and most posterior portion. 
Innervation of the levator ani is through the third and 
fourth sacral nerves.
The major nerve supply of the perineum is derived from 
the pudendal nerve. However, the ilioinguinal, genito
femoral, perineal branch of the posterior femoral cuta
neous, coccygeal, and last sacral nerve also contribute; 
thus a pudendal nerve block anesthetizes only a portion 
of the perineum.
The internal iliac (hypogastric) artery arises at the level 
of lumbosacral articulation. It can be distinguished from 
the external iliac by its smaller size and by its more 
medial and more posterior position.
The ureter lies more superficially and is either medial or 
slightly anterior to the internal iliac artery.
The cardinal ligaments are located at the base of the 
broad ligament and are continuous with the connective 
tissue of the parametrium; they are attached to the 
pelvic diaphragm through continuity with the superfi
cial superior fascia of the levator ani.
Because the origin of the uterine artery is variable, its 
isolation and ligation for control of postpartum bleed
ing are often fruitless. The uterine artery usually arises 
as an independent vessel from the internal iliac artery, 
but it may also arise from the inferior gluteal, internal 
pudendal, umbilical, or obturator arteries.
Afferent pain fibers for the uterus, tubes, and ovary 
enter the cord at T10, T i l ,  and T12; thus spinal or 
epidural anesthesia must extend to these levels. Fortu
nately, efferent fibers to the uterus enter above these 
levels and thus do not interfere with contractions.
The body of the nonpregnant uterus weighs approxi
mately 70 g, whereas at term it weighs approximately 
1100 g.

SUGGESTED READING
___________________ 1. Moore KL, Dailey AF 2nd. Pelvis and perineum. In: Clinically O rien ted
*Figures for Appendix II are available at ExpertConsult.com. Anatomy. 6th ed. Baltimore: Lippincott Williams & Wilkins; 2009:326.
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I  Gray 100 cGy or 100 rads 
1,25[OH]2D3 1,25-Dihydroxyvitamin D
I I  (3-HSD1 11-P-Hydroxysteroid 

dehydrogenase type 1
11 |3-HSD2 ll-|i-Hydroxysteroid 

dehydrogenase type 2 
17-OH-P 17 a-hydroxyprogesterone caproate
2,3-DPG 2 ,3-Diphosphoglycerate 
3-D Three dimensional 
3P-HSD 3P-Hydroxysteroid dehydrogenase 

(type 1)
3TC Lamivudine 
AA Arterioarterial
AABB American Association o f Blood Banks 
AACE American Association o f Clinical 

Endocrinologists 
AAN American Academy o f Neurology 
AAP American Academy o f Pediatrics 
ap2—GP-I Anti-P2—glycoprotein I 

(antibodies)
AC Abdominal circumference 
ACC American College o f Cardiology 
ACE Angiotensin-converting enzyme 
ACEI Angiotensin-converting enzyme 

inhibitor 
AchE Acetylcholinesterase 
ACHOIS Australian Carbohydrate Intolerance 

Study in Pregnant Women Trial Group 
ACIP Advisory Committee on Immunization 

Practices 
aCL Anticardiolipin antibodies 
ACLS Advanced cardiovascular life support 
ACMG American College o f Medical 

Genetics and Genomics 
ACNM American College o f Nurse Midwives 
ACOG American College o f Obstetricians 

and Gynecologists 
ACR American College o f Rheumatology 
ACTG AIDS Clinical Trials Group 
ACTH Adrenocorticotropic hormone 
AD Abdominal diameter; aortic diameter;

atopic dermatitis 
ADA American Diabetes Association 
ADAMTS-13 von Willebrand cleaving 

enzyme
ADFLE Autosomal-dominant frontal lobe 

epilepsy
ADHD Attention-deficit/hyperactivity 

disorder 
ADO Allele dropout 
ADP Adenosine diphosphate 
ADTLE Autosomal-dominant temporal lobe 

epilepsy 
AED Antiepileptic drug

AEDV Absent end-diastolic velocity 
AEP Atopic eruption o f pregnancy 
AF Amniotic fluid 
AFI Amniotic fluid index 
AFLP Acute fatty liver o f pregnancy 
AFP Alpha-fetoprotein 
AFV Amniotic fluid volume 
AGA Appropriate for gestational age 
AHA American Heart Association 
AHRQ Agency for Healthcare Quality and 

Research
AIDS Acquired immunodeficiency syndrome 
A ll Angiotension II 
AIP Acute intermittent porphyria 
AIUM  American Institute o f Ultrasound in 

Medicine
ALARA As low as reasonably achievable 
ALL Acute lymphoblastic leukemia 
ALT Alanine aminotransferase 
AM A Advanced maternal age 
AM L Acute myeloid leukemia 
AM P Adenosine monophosphate 
a-WISH a-Melanocyte-stimulating 

hormone 
AN Anorexia nervosa 
ANA Antinuclear antibodies 
ANF Atrial natriuretic factor 
ANLL Acute nonlymphocytic leukemia 
ANP Atrial natriuretic peptide 
AP Anteroposterior 
APA Antiphospholipid antibody 
APC Activated protein C; antigen-presenting 

cells
APE Acute pulmonary embolus 
APGO Association o f Professors o f 

Gynecology and Obstetrics 
APOE Apolipoprotein E 
APR Australian Register o f Antiepileptic 

Drugs in Pregnancy 
APS Antiphospholipid syndrome 
aPTT Activated partial thromboplastin 

time
ARDS Acute respiratory distress syndrome;

adult respiratory distress syndrome 
ARF Acute renal failure 
ART Assisted reproductive technology 
ARV Antiretroviral
ASA American Society o f Anesthesiologists
ASB Asymptomatic bacteriuria
ASD Autism spectrum disorder
AST Aspartate aminotransferase
ATA American Thyroid Association
ATD Antithyroid drugs
ATP Adenosine triphosphate

AV Arteriovenous; atrioventricular 
AVM Arteriovenous malformation 
AVP Arginine vasopressin 
AWHONN Association o f Women’s Health, 

Obstetric and Neonatal Nurses 
AZA Azathioprine 
AZT Azidothymidine 
BAFF B-cell activating factor o f the tumor 

necrosis factor family 
BCG Bacille Calmette-Guerin 
BCR B-cell receptor 
BD Bipolar disorder 
BDMS Birth defect monitoring system 
BFHI Baby-Friendly Hospital Initiative 
P-hCG P-human chorionic gonadotropin 
BiPAP Bilevel Positive Airway Pressure 
BLS Basic life support 
BMD Bone mineral density 
BMI Body mass index 
BN Bulimia nervosa
BNP P-natriuretic peptide; B-type natriuretic 

peptide; brain natriuretic peptide 
BP Blood pressure 
BPA Biphenyl A, bisphenol A 
BPD Biparietal diameter; bronchopulmonary 

dysplasia 
BPP Biophysical profile 
BPS Biophysical profile score 
BREG Regulatory B cells 
BSA Body surface area 
BUN Biochemistry, ultrasound, nuchal 

translucency; blood urea nitrogen 
BV Bacterial vaginosis 
C/D Concentration/dose (ratio) 
cAMP Cyclic adenosine monophosphate 
CA-MRSA Community-acquired methicillin- 

resistant S ta p h y lo co ccu s  a u reu s  

CAPS Catastrophic antiphospholipid 
syndrome

cART Combination antiretroviral therapy 
CAT Computed axial tomography 
CBAVD Congenital bilateral absence o f the 

vas deferens 
CBG Corticosteroid-binding globulin 
CBT Cognitive behavioral therapy 
CBZ Carbamazepine 
CCffDNA Circulating cell-free fetal D N A  
CCL2 Monocyte chemotactic protein 1 

(MCP-1)
CCL5 Chemokine (C-C motif) ligand 5 
CCR CC receptor
CCR5 Chemokine (C-C motif) receptor 

type 5
cCTG Computerized cardiotocography
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CD Cesarean delivery; cluster o f 
differentiation; Crohn disease 

CDC Centers for Disease Control and 
Prevention 

CDD Cesarean delivery defect 
CEA Carcinoembryonic antigen 
CF Cystic fibrosis 
CcfDNA Cell-free D N A 
CGH Comparative genome hybridization 
CHB Congenital heart block 
CHC Combined hormonal contraception 
CHD Congenital heart disease 
CHP Catholic Healthcare Partners 
Cl Cardiac index; cervical insufficiency;

confidence interval 
CIITA Class II  transactivator 
CIN Cervical intraepithelial neoplasia 
CL Cervical length 
CLD Chronic lung disease 
CLIP Corticotropin-like intermediate lobe 

peptide
CMA Chromosomal microarray analysis 
CMACE Centre for Maternal and Child 

Enquiries 
CIVIL Chronic myelocytic leukemia 
CMQCC California Maternal Quality Care 

Collaborative 
CMV Cytomegalovirus 
CMZ Carbimazole
CNFA Clinically nonfunctioning adenoma
CNS Central nervous system
CNV Copy number variant
CO Cardiac output
C02 Carbon dioxide
COC Combination oral contraceptive
COP Colloidal oncotic pressure
COX Cyclooxygenase
CP Cerebral palsy
CPAM Congenital pulmonary adenomatoid 

malformation 
CPAP Continuous positive airway pressure 
CPD Cephalopelvic disproportion 
CPM Confined placental mosaicism 
CPR Cerebroplacental Doppler ratio;

contraceptive prevalence rate 
CPT Current procedural terminology 
CrCI Creatinine clearance 
CRF Corticotropin-releasing factor 
CRH Corticotropin-releasing hormone 
CRL Crown-rump length 
CRM Crew resource management 
CRP C -reactive protein 
CRS Congenital rubella syndrome 
CS Cesarean section 
CSE Combined spinal-epidural 
CSF Cerebrospinal fluid 
CSII Continuous subcutaneous insulin 

infusion (pump therapy)
CSL Consortium on Safe Labor 
CST Contraction stress test 
CT Computed tomography 
CTA Computer tomography angiography 
CTPA Computed tomography pulmonary 

angiography 
CVP Central venous pressure 
CVS Chorionic villus sampling; congenital 

varicella syndrome 
CVT Cerebral vein thrombosis

CXCR C-X-C receptor
CXCR4 C-X-C chemokine receptor type 4
DAT Direct amplification test
DC Dendritic cell; dichorionic
DCC Delayed cord clamping
dDAVP Desmop ressin
DES Diethylstilbestrol
DFA Direct fluorescence assays
DHA Dehydroepiandrosterone;

docosahexaenoic acid 
DHEAS Dehydroepiandrosterone sulfate 
DI Diabetes insipidus; disposition index 
DIC Disseminated intravascular coagulation 
DKA Diabetic ketoacidosis 
DMA Disease modifying agent 
DMPA Depot medroxyprogesterone acetate 
DNA Deoxyribonucleic acid 
dNK Decidual natural killer cell 
DOC Deoxycorticosterone 
DPG Diphosphoglycerate;

diphosphatidylglycerol 
DPI Dry-powder inhaler 
DPPC Dipalmitoylphosphatidylcholine 
DRI Daily recommended intake; dietary 

reference index 
DSM D ia g n o s t ic  a n d  S ta t is t ic a l  M a n u a l  o f  

M e n t a l  D is o rd e rs  

DTC Direct to consumer 
DV Ductus venosus 
DVP Deepest vertical pocket 
DVT Deep venous thrombosis 
DZ Dizygotic 
EA Early amniocentesis 
EASI Extraamniotic saline infusion 
EB Elementary bodies 
EBV Epstein -Barr virus 
EC Emergency contraception 
ECC Exocoelomic cavity 
ECG Electrocardiogram 
ECT Electroconvulsive therapy 
ECV External cephalic version 
ED Effective dose
EDC Endocrine disrupter chemical; estimated 

date o f confinement 
EDD Estimated delivery date 
EDSS Expanded disability status scale 
EEG Electroencephalogram 
EF Ejection fraction
EFM Electronic fetal heart rate monitoring
EFV Efavirenz
EFW Estimated fetal weight
EGD Esophagogastroduodenoscopy
EGF Epidermal growth factor
EGF-R Epidermal growth factor receptor
EGFR Estimated glomerular filtration rate
El Eryth ema infectiosum
EIA Enzyme immunoassay
EIAED Enzyme-inducing antiepileptic drug
ELBW Extremely low birthweight
ELISA Enzym e-linked immunosorbent assay
EMA European Medicine Agency
EMG Electromyography
EMR Electronic medical record
EP Ectopic pregnancy
EPA Eicosapentaenoic acid
EPDS Edinburgh Postnatal Depression Scale
EPO Erythropoietin
ER Estrogen receptor

ERCP Endoscopic retrograde 
cholangiopancreatography 

ES Endocrine Society 
ESC Embryonic stem cell 
ESR Erythrocyte sedimentation rate 
ESRD End-stage renal disease 
ETG Etonogestrel
EXIT Ex utero intrapartum treatment 
FAC Fetal activity count 
FAS Fetal alcohol syndrome 
FASD Fetal alcohol spectrum disorder 
FasL Fas ligand
FAST Focused abdominal sonography for 

trauma
FASTER First- and Second-Trimester

Evaluation o f Risk Research Consortium 
FBM Fetal breathing movement 
FBS Fetal blood sampling 
FDA U.S. Food and Drug Administration 
FDC Fixed-dose combination 
FEVj Forced expiratory volume in 1 second 
FFA Free fatty acid 
fFN Fetal fibronectin 
FFP Fresh frozen plasma 
FGM/C Female genital mutilation/cutting 
FGR Fetal growth restriction 
FHH Familial hypocalciuric hypercalcemia 
FHR Fetal heart rate
FIGO International Federation o f Gynecology 

and Obstetrics 
FI HPT Familial isolated primary 

hyperparathyroidism 
FIRS Fetal inflammatory response syndrome 
FISH Fluorescence in situ hybridization 
FL Femur length 
FMC Fetal movement counting 
FMH Fetomaternal hemorrhage 
FNA Fine-needle aspiration 
FNAB Fine-needle aspiration biopsy 
FPR False-positive rate 
FRC Functional residual capacity 
FSH Follicle -stimulating hormone 
FT3 Free triiodothyronine 
FT3I Free triiodothyronine index 
FT, Free thyroxine 
FT4I Free thyroxine index 
FVC Forced vital capacity 
FVL Factor V  Leiden
G6PD Glucose-6-phosphate dehydrogenase 
GAG Glycosaminoglycan 
GBS Group B S tre p to co ccu s  

G-CSF Granulocyte-colony stimulating factor 
g/dL Grams per deciliter 
GDM Gestational diabetes mellitus 
GDNF Glial cell-derived neurotropic factor 
GE Gastroesophageal 
GERD Gastroesophageal reflux disease 
GFR Glomerular filtration rate 
GGTP Gamma glutamyl transpeptidase 
GH Gestational hypertension; growth 

hormone
GLOWM Global Library o f Women’s 

Medicine 
GLUT1 Glucose transporter 1 
GMP Guanosine monophosphate 
GNI Gross national income 
GP Glycoprotein
GTD Gestational trophoblastic disease
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GTT Glucose tolerance test 
GU Genitourinary 
GVHD Graft -versus-host disease 
GWG Gestational weight gain 
Gy Gray
H, HA Hemagglutinin 
HAART Highly active antiretroviral therapy 
HAV Hepatitis A  virus 
H b A lc  Hemoglobin A le  
HBcAg Hepatitis B core antigen 
HBIG Hepatitis B immune globulin 
HBsAg Hepatitis B surface antigen 
HBV Hepatitis B virus 
HC Head circumference 
HCA Hospital Corporation o f America 
HCC Hepatocellular cancer 
hCG Human chorionic gonadotropin 
HCQ Hydroxychloroquine 
HCV Hepatitis C virus 
HD AC Histone deacetylase 
HDAg Hepatitis delta antigen 
HDFN Hemolytic disease o f the fetus and 

newborn 
HDL High-density lipoprotein 
HDN Hemolytic disease o f the newborn 
HDP Hypertensive disorder o f pregnancy 
HDV Hepatitis delta virus 
HELLP Hemolysis, elevated liver enzymes, 

low platelet count 
HG Hyperemesis gravidarum 
HIDA Hepatic iminodiacetic acid scan 
HIE Hyp oxic-ischemic encephalopathy 
HIF Hypoxia inducible factor 
HIT Heparin-induced thrombocytopenia 
HIV Human immunodeficiency virus 
HL Hodgkin lymphoma; humerus length 
HLA Human leukocyte antigen 
HLA-C M ajor histocompatibility complex, 

class I, C antigen 
HMD Hyaline membrane disease 
HPA Hypothalamic pituitary adrenal 
hPL Human placental lactogen 
HPV Human papillomavirus 
HR Heart rate
HRS A Health Resources and Services 

Administration 
HUS Hemolytic uremic syndrome 
Hz Hertz (1 cycle per second)
IA  Intermittent auscultation 
IAI Intraamniotic infection 
IBD Inflammatory bowel disease 
IBS Irritable bowel syndrome 
ICD Implantable cardioverter-defibrillator 
ICH Intracranial hypertension; intracranial 

hemorrhage 
ICP Intrahepatic cholestasis o f pregnancy 
ICPD International Conference on 

Population and Development 
ICSI Intracytoplasmic sperm injection 
ICU Intensive care unit 
l-D Induction-to-delivery interval 
IDDM Insulin-dependent diabetes mellitus 
IDM Infant o f a diabetic mother 
IDO Indoleamine 2,3 dioxygenase 
IFN Interferon 
IFN-y Interferon gamma 
IFN-y-1b Interferon gamma-1 b 
IFPS Infant Feeding Practices Study

Ig Immunoglobulin 
IgA Immunoglobulin A 
IGF Insulin-like growth factor 
IGF-1 Insulin-like growth factor 1 
IGFBP-1 Insulin-like growth factor binding 

protein 1 
IgG Immunoglobulin G 
IGRA Interferon-'/ release assay 
IL Interleukin 
IL-1 Interleukin-1 
IL-6 Interleukin-6 
IM Intramuscular 
INH Isoniazid 
INHA Inhibin A
iNOS Inducible form o f nitric oxide 

synthase
INR International normalized ratio 
INSTI Integ rase strand transfer inhibitor 
IOM Institute o f Medicine 
IPT Intraperitoneal transfusion 
IPV Internal podalic version 
IQ Intelligence quotient 
IQR Interquartile range 
IRIS Immune reconstitution inflammatory 

syndrome 
ISI Insulin sensitivity index 
ITP Idiopathic thrombocytopenic purpura; 

immune thrombocytopenic purpura
III International unit 
IUD Intrauterine device
IUFD Intrauterine fetal death/demise 
IUGR Intrauterine growth restriction 
IUPC Intrauterine pressure catheter 
IUT Intrauterine transfusion
IV Intravenous
IVC Inferior vena cava
IVF In vitro fertilization
IVH Intraventricular hemorrhage
IVIG Intravenous immunoglobulin
IVP Intravenous pyelogram
IVS Intervillous space
IVT Intravascular transfusion
KB Kleihauer-Betke test
kDa Kilodalton
kHz Kilohertz (1000 cycles per second)
KIR Killer cell immunoglobulin-like 

receptor 
KMC Kangaroo maternal care 
KOH Potassium chloride 
LABA Long -acting p-agonist 
LAC Lupus anticoagulant 
LAM Lactational amenorrhea method 
LARC Long-acting reversible contraception 
LBC Lamellar body count 
LBP Lipopolysaccharide binding protein 
LBW Low birthweight 
LCHAD Long -chain 3-hydroxyacyl coenzyme 

A  dehydrogenase 
LCPUFA Long -chain polyunsaturated fatty 

acid
LDA Low-dose aspirin
LDH Lactate dehydrogenase
LDL Low-density lipoprotein
LEEP Loop electrosurgical excision procedure
LES Lower esophageal sphincter
LGA Large for gestational age
LH Luteinizing hormone
LIC Low-income country

LLETZ Large loop excision o f the 
transformation zone 

LM L is te r ia  m on ocy togen es  

LMA Laryngeal mask airway 
LMNG Liverpool and Manchester 

Neurodevelopmental Group 
LMP Last menstrual period 
LMWH Low-molecular-weight heparin 
LN Lupus nephritis 
LNG Levonorgestrel 
LOA Left occiput anterior 
LOP Left occiput posterior 
LPD Luteal phase defect 
LPS Lipopolysaccharide 
LRD Limb reduction defect 
L/S ratio  Lecithin/sphingomyelin ratio 
LTBI Latent tuberculosis infection 
LTG Lamotrigine 
L-thyroxine Levothyroxine 
LTR Long terminal repeat 
LTRA Leukotriene receptor agonist 
LUS Lower uterine segment 
LVOT Left ventricular outflow tract 
LVP Largest vertical pocket 
(ig Microgram 
M A Microarray
MAC Membrane attack complex;

M y c o b a c te r iu m  a v iu m  complex 
MAP Mean arterial pressure 
MAS Meconium aspiration syndrome 
mBPP Modified biophysical profile 
Me Microchimerism 
MC Monochorionic 
MCA Middle cerebral artery 
MCH Maternal, infant, and child health 
MCP-1 Monocyte chemotactic protein 1 

(CCL2)
MCV Mean corpuscular volume 
MDE Major depressive episode 
MDG Millennium development goal 
MDI Metered-dose inhaler 
MDQ Mood disorders questionnaire 
MF Maternal-fetal
MFMU Maternal-Fetal Medicine Units 
MHA-TP Microhemagglutination T re p o n e m a  

p a l l id u m

MHC Major histocompatibility complex 
MHz Megahertz (1 million cycles 

per second)
M l Mechanical index; myocardial infarction 
MIC Middle -income country 
MLCK Myosin light-chain kinase 
M M  Malignant melanoma 
MMF Mycophenolate mofetil 
mm Hg Millimeters o f mercury 
M M I Methimazole 
M M P Matrix metalloproteinase 
MMP-1 Interstitial collagenase 
M M P-8 Neutrophil collagenase 
M M P-9 Gelatinase B 
MMR Maternal mortality ratio; measles, 

mumps, rubella 
M MW R M o r b id i t y  a n d  M o r t a l i t y  W eek ly  

R e p o r t

MODY Maturity-onset diabetes o f youth 
M oM  Multiples o f the median 
MOMP Major outer membrane protein 
MPR Multifetal pregnancy reduction
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MPSS Massively parallel D N A  shotgun 
sequencing 

MRA Magnetic resonance angiography 
MRCP Magnetic resonance 

cholangiopancreatography 
MRI Magnetic resonance imaging 
mRNA Messenger RNA 
MRSA M ethicillin -resistant S ta p h y lo co ccu s  

a u reu s

MRV Magnetic resonance venogram 
MS M ultiple sclerosis 
MSAFP Maternal serum alpha-fetoprotein 
MTCT Mother -to-child transmission 
MTX Methotrexate 
mV millivolts 
MVC M otor vehicle crash 
MVP Maximum vertical pocket 
MVU Montevideo unit 
MZ Monozygotic 
N, NA Neuraminidase 
NAAPR North American AED Pregnancy 

Registry
NAAT Nucleic acid amplification test 
NAEPP National Asthma Education and 

Prevention Program 
NAFLD Nonalcoholic fatty liver disease 
NAFTNet North American Fetal Therapy 

Network
NAS Neonatal abstinence syndrome 
NASBA Nucleic acid sequence-based 

amplification 
NAT Nucleic acid test 
NB Nasal bone
NCHS National Center for Health Statistics 
NCPP National Collaborative Perinatal 

Project 
ncRNA Noncoding RNA 
NDD Neurodevelopmental disorder 
NEAD Neurodevelopmental effect o f an 

antiepileptic drug 
NEC Necrotizing enterocolitis 
NGO Nongovernmental organization 
NHANES National Health and Nutrition 

Examination Survey 
NHL Non-Hodgkin lymphoma 
NICHD National Institute for Child Health 

and Human Development 
NICU Neonatal intensive care unit 
NIH National Institutes o f Health 
NIPT Noninvasive prenatal testing 
NK Natural killer 
NLE Neonatal lupus erythematosus 
NLR Nod-like receptor 
NM DA N  -methyl-D-aspartate 
NNRTI Nonnucleoside reverse transcriptase 

inhibitor 
NNT Number needed to treat 
NO N itric  oxide
NPWT Negative pressure wound therapy 
NPY Neuropeptide Y 
NRBC Nucleated red blood cell 
NRP Neonatal resuscitation program 
NRT Nicotine replacement therapy 
NRTI Nucleotide/nucleoside reverse 

transcriptase inhibitor 
NS Normal saline
NSAID Nonsteroidal antiinflammatory 

drug

NSPHPT Neonatal severe primary 
hyperparathyroidism 

NSR Normal sinus rhythm 
NST Nonstress test 
NT Nuchal translucency 
NTD Neural tube defect 
NTP Nortriptyline
NTSV Nulliparous term singleton vertex 
NVP Nausea and vomiting o f pregnancy;

nevirapine 
NYHA New York Heart Association
O2 Oxygen 
OA Occiput anterior 
OAE Otoacoustic emission 
OAT Opioid agonist therapy 
OC Oral contraceptive 
OFD Occipitofrontal diameter 
01 Opportunistic infections 
OP Occiput posterior 
OR Odds ratio 
0T Occiput transverse 
P450arom P450 cytochrome aromatase 
P450SCC Cytochrome P450scc 
PA Placenta accreta 
PABA Para-aminobenzoic acid 
PACU Postanesthesia care unit 
PAI Plasminogen activator inhibitor 
PAI-1 Type 1 plasminogen activator inhibitor 
PAMG-1 Placental a-microglobin 1 
PAMP Pathogen-associated molecular pattern 
Pap smear Papanicolaou smear 
PAPP-A Pregnancy -associated plasma protein 

A
PAWP Pulmonary artery wedge pressure 
PAX2 Paired box gene 2 
P/C Protein/creatinine (ratio)
PCA Patient-controlled analgesia
PCB Polychlorinated biphenyl
PCEA Patient-controlled epidural analgesia
PCOS Polycystic ovary syndrome
PCR Polymerase chain reaction
PCWP Pulmonary capillary wedge pressure
PD Potential difference
PD-1 Programmed death 1 receptor
PDA Patent ductus arteriosus
PDPH Postdural puncture headache
PDX1 Pancreatic duodenal homeobox 1
PE Preeclampsia; pulmonary embolus
PEEP Positive end-expiratory pressure
PEF Peak expiratory flow
PEFR Peak expiratory flow rate
PEP Polymorphic eruption o f pregnancy
PFMT Pelvic floor muscle training
PFP Pruritic folliculitis o f pregnancy
PG Pemphigoid gestationis;

phosphatidylglycerol 
PGC-1CX Peroxisome proliferator-activated 

receptor gamma coactivator 
PGD Preimplantation genetic diagnosis 
PGE, Prostaglandin E l (misoprostol)
PGE2 Prostaglandin E2 (dinoprostone)
PGH Placental growth hormone
PGI2 Prostaglandin I2
PGS Personal genome service;

preimplantation genetic screening 
PHPT Primary hyperparathyroidism 
PICC Peripherally inserted central catheter 
PID Pelvic inflammatory disease

PI Protease inhibitor 
PJP P n e u m o c y s t is  j i r o v e c i  pneumonia 
PK Pharmacokinetic 
PLGF Placental-like growth factor 
PLO Pregnancy and lactation—associated 

osteoporosis 
PMR Perinatal mortality rate 
PO Per os (by mouth)
POP Progestin-only oral contraception 
PP Prurigo o f pregnancy 
PPAR Peroxisome proliferator-activated 

receptor
PPCM Peripartum cardiomyopathy 
PPD Postpartum depression; purified protein 

derivative 
PPH Postpartum hemorrhage 
PPHN Persistent pulmonary hypertension o f 

the newborn 
PPROM Preterm premature rupture o f the 

membranes 
PPT Postpartum thyroiditis 
PPV Positive predictive value 
PR Progesterone receptor 
pRBCs Packed red blood cells 
PrEP Preexposure prophylaxis 
PRES Posterior reversible encephalopathy 

syndrome
PRIMS Pregnancy and multiple sclerosis 
PRL Prolactin
PROM Premature rupture o f the membranes 
PRR Pattern-recognition receptor 
PSV Peak systolic velocity 
PTB Preterm birth 
PTH Parathyroid hormone 
PTHrP Parathyroid hormone—related protein 
PTNA Percutaneous needle aspiration 
pTREG Peripheral T-regulatory cells 
PTSD Posttraumatic stress disorder 
PTU Propylthiouracil 
PUBS Percutaneous umbilical blood 

sampling 
PUD Peptic ulcer disease 
PUFA Polyunsaturated fatty acid 
PUVA Psoralen w ith ultraviolet light A  
PVC Premature ventricular contraction 
PVH/IVH Periventricular/intraventricular 

hemorrhage 
PVL Periventricular leukomalacia 
PVNH Periventricular modular heterotopia 
PVR Pulmonary vascular resistance 
Qp Pulmonary flow
QPCR Qualitative polymerase chain reaction 
Qs Systemic flow 
RA Rheumatoid arthritis 
RAAS Renin-angiotensin-aldosterone system 
RAD Radiation absorbed dose 
RANTES (CCL5) Regulated on activation, 

normal T-cell expressed and secreted 
RB Reticulate body 
RBC Red blood cell
RCOG Royal College o f Obstetricians and 

Gynaecologists 
RCT Randomized controlled trial 
RCVS Reversible cerebral vasoconstriction 

syndrome 
RDA Recommended daily allowance 
RDS Respiratory distress syndrome 
REDV Reversed end-diastolic velocity
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REM Rapid eye movement; recurrent early 
miscarriage 

REPL Recurrent early pregnancy loss 
RF Rheumatoid factor 
RFRA Religious Freedom Restoration Act 
Rh(D) Rhesus (D antigen)
RhIG Rhesus immune globulin 
RIBA Recombinant immunoblot assay 
RIDT Rapid influenza diagnostic test 
RIF Rifamp in 
RLS Restless legs syndrome 
RM Recurrent miscarriage 
RMR Resting metabolic rate 
RNA Ribonucleic acid 
ROA Right occiput anterior 
ROC Receiver operator characteristic 
ROP Retinopathy o f prematurity 
RPR Rapid plasma reagin 
RR Relative risk 
RT Reverse transcriptase 
RT3U Resin triiodothyronine uptake 
RUQ Right upper quadrant 
RV Right ventricle 
RXR Retinoid X  receptor 
SAGES Society o f American Gastrointestinal 

and Endoscopic Surgeons 
SAH Subarachnoid hemorrhage 
SBAR Situation, background, assessment, 

recommendation 
SBO Small bowel obstruction 
SCH Subclinical hypothyroidism 
SCN1A Sodium channel, voltage-gated, type 

1 alpha subunit 
SD Standard deviation 
S/D Systolic/diastolic (ratio)
SEFW Sonographically estimated fetal weight 
sFlt-1 Soluble fms-like tyrosine kinase 1 
SGA Small for gestational age 
SIDS Sudden infant death syndrome 
slgA  Secretory immunoglobulin A  
SIRS Systemic immune response syndrome 
SIRT1 NAD-dependent deacetylase sirtuin 1 
slUGR Selective intrauterine growth 

restriction 
SLE Systemic lupus erythematosus 
SMA Spinal muscular atrophy 
SMFM Society for Maternal-Fetal Medicine 
SNP Single nucleotide polymorphism 
SOAP Society o f Obstetric Anesthesia and 

Perinatology 
SP Surfactant protein 
SPTA Spatial-peak temporal-average 
sPTB Spontaneous preterm birth 
SROM Spontaneous rupture o f membranes 
SS Sjogren syndrome 
SSc Systemic sclerosis 
SSC Skin-to-skin contact 
SSI Surgical site infection 
SSKI Saturated solution o f potassium iodide 
SNRI Serotonin-norepinephrine reuptake 

inhibitor
SSPE Subacute sclerosing panencephalitis 
SSRI Selective serotonin reuptake inhibitor

ST Selective termination
STD Sexually transmitted disease
STI Sexually transmitted infection
SUD Substance use disorder
SUDEP Sudden unexpected death in epilepsy
SV Stroke volume
SVR Systemic vascular resistance
SYS Secondary yolk sac
T3 Triiodothyronine
T4 Thyroxine
T-ACE Tolerance-annoyance, cut down, eye 

opener
TA-CVS Transabdominal chorionic villus 

sampling
TAFI Thrombin-activatable fibrinolysis 

inhibitor
TAPS Twin anemia-polycythemia sequence 
TAU Transabdominal ultrasound 
TB Tuberculosis 
TBA Traditional birth attendant 
TBG Thyroxine-binding globulin 
TBII Thyroid-binding inhibitor 

immunoglobulin 
TBT Term Breech Trial 
TC-CVS Transcervical chorionic villus 

sampling 
TCD Transcerebellar diameter 
TCR T-cell receptor 
TEE Thermic effect o f energy 
TEF Thermic effect o f food 
TF Tissue factor
TFPI Tissue factor pathway inhibitor 
TFT Thyroid function test 
TGA Transposition o f the great arteries 
TgAb Antithyroglobulin antibodies 
TGC Time gain compensation 
TGF-P Transforming growth factor beta 
Th Thymus helper 
Th1 Helper T-cell type 1 
Th2 Helper T-cell type 2 
THBR Thyroid hormone-binding ratio 
Th ce ll Helper T  cell 
Tl Thermal index 
TIMP Tissue inhibitor o f matrix 

metalloproteinase 
TIPS Transjugular intrahepatic portosystemic 

shunt
TLC Total lung capacity 
TLR Toll-like receptor 
TLU Translabial ultrasound 
TNF -a  Tumor necrosis factor alpha 
TOLAC Trial o f labor after cesarean delivery 
TORCH Toxoplasmosis, other infections, 

rubella, cytomegalovirus, herpes 
tPA Tissue plasminogen activator 
TPE Total urinary protein excretion 
TPN Total parenteral nutrition 
TPO Thyroid peroxidase 
TPOAb Thyroid peroxidase antibody 
TPR Total peripheral resistance 
TR-p Thyroid receptor beta 
TRAb Thyroid-stimulating hormone receptor 

antibody

TRAb Thyroid-blocking antibody 
TRAIL TNF-related apoptosis-inducing 

ligand/Apo-2L 
TRAP Twin reversed arterial perfusion 
TREG Regulatory T  cells 
TRH Thyroid-releasing hormone;

thyrotropin-releasing hormone 
TSH Thyroid-stimulating hormone 
TSHRAb Thyroid-stimulating hormone 

receptor antibody 
TSI Thyroid-stimulating immunoglobulin 
TST Tuberculin skin testing 
TT3 Total triiodothyronine 
TT4 Total thyroxine 
TTP Thrombotic thrombocytopenic 

purpura
tTREG Thymic T-regulatory cells 
TTTS Twin -twin transfusion syndrome 
TVCL Transvaginai cervical length 
TVU Transvaginai ultrasound 
TXA2 Thromboxane A,
UAE Urinary albumin excretion 
UC Ulcerative colitis 
U-D Uterine incision-delivery interval 
UDPGT Uridine diphosphoglucuronosyl 

transferase 
llE3 Unconjugated estriol 
UFH Unfractionated heparin 
UK United Kingdom 
ULvWF Unusually large multimers o f von 

Willebrand factor 
UN United Nations
UNICEF United Nations Children’s Fund 
uPA Urokinase-type plasminogen activator 
UPD Uniparental disomy 
USDA U.S. Department o f Agriculture 
USPSTF U.S. Preventive Services Task 

Force
UTI Urinary tract infection
UVB Ultraviolet light B
V/Q Ventilation-perfusion scan
VAS Vibroacoustic stimulation
VBAC Vaginal birth after cesarean delivery
VDRL Venereal disease research laboratories
VEGF Vascular endothelial growth factor
VKA Vitamin K  antagonist
VLBW Very low birthweight
VLDL Very -low-density lipoprotein
VOUS Variants o f unknown significance
VPA Valproic acid
VPTD Very preterm delivery
VSD Ventricular septal defect
VTE Venous thromboembolism
VUS Venous ultrasonography
vWD von Willebrand disease
vWF von Willebrand factor
VZIG Varicella zoster immune globulin
VZV Varicella zoster virus
WBC W hite blood cell
WGA Whole genomic amplification
WHO World Health Organization
ZDV Zidovudine
ZPI Protein Z-dependent protease inhibitor
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Page numbers followed by “/ ” indicate figures, 
“ ?” indicate tables, “ b ”  indicate boxes, and V  
indicate online-only material.

A
“ABCDE” criteria for pigmented lesions, 1081 
Abdomen, ultrasound screening for 

anomalies in, 187 
Abdominal cerclage, 602, 60 3 /6 0 4 / 
Abdominal circumference (AC) 

for fetal growth assessment, 746 
normal values in pregnancy, 1219? 
for ultrasound gestational age

determination, 177, 178 /179 / 
Abdominal closure, in cesarean delivery, 

435-436, 43 6 /
Abdominal diameter-biparietal diameter 

difference (AD-BPD), 388 
Abdominal disorders, physiologic effects o f 

pregnancy to, 1012-1013 
Abdominal entry, in cesarean delivery, 

431-432, 43 1 /
Abdominal fetal electrocardiogram, and fetal 

status evaluation, 335 
Abdominal imaging, during pregnancy,

1000-1001 
Abdominal pain, 1013-1015, 1014? 

right lower quadrant, 1013, 1013b  

right upper quadrant, 999-1000 
Abdominal (heterotopic) pregnancy, 1014 
Abdominal skin incision, in cesarean 

delivery, 431-432, 43 1 /
Abdominal wall abscess, 438-439 
Abdominal wall defects, 483 
Abortion

partial-birth, 1183- 1184 
politics, 1186-1188 
reproductive liberty, 1183 
septic, as coagulopathy risk factor, 418 
smoking and, 149 

Abruptio placenta, 396-400 
in chronic hypertension, 697 
clinical manifestations, 397 
in cocaine use, 151 
definition of, 396-397 
diagnosis of, 398-399, 3 9 9 /40 0 / 
in eclampsia, 692 
in gestational hypertension, 664 
in HELLP syndrome, 675, 675?, 678 
incidence of, 397 
locations for, 398, 399/ 
management of, 399-400 
neonatal outcome, 400 
pathogenesis of, 396-397

Abruptio placenta (C o n t in u e d )

and perinatal morbidity and mortality, 400 
in preeclampsia, 683, 688 
in premature rupture o f the membranes,

649-650, 656 
risk factors, 397-398 
smoking and, 149 
thrombocytopenia and, 671 
w ith trauma, in pregnancy, 565-567, 

569-571
Abruption, prior, as abruptio placenta risk 

factor, 398 
Absccss

abdominal wall, 438-439, 438/ 
breast, 539-540 
epidural, 354 
hepatic, 1005 
pelvic, 1139?

Absorption, o f iron, 44 
Abuse

fetal, 1194
maternal maltreatment, 529-530 
trauma, in pregnancy, 567 

Abuse Assessment Score, 109 
AC. See Abdominal circumference (AC) 
Acardiac twinning, 721-722, 721/ 
Accelerations, in fetal heart rate monitoring, 

322-323 
absence of, 322-323, 323? 
definition of, 322, 322/ 
physiology of, 322-323 
uniform, 328 

Accutane, fetal effects of, 141-142, 141/ 
ACE. See Angiotensin-converting enzyme 

(ACE) inhibitors 
Acetabulum, 1 2 2 4 .fl/
Acetaminophen

fetal effects of, 149 
for hyperthermia, 358 

Acetylation, o f histone tails, 85 
Achondroplasia, 189 
Acid-base status, fetal, biophysical profile 

correlation with, 235 
Acidemia, 315-316 

and hypoxia, 315-316 
metabolic, 335-336 
mixed, 335-336 
respiratory, 335-336 

Acidosis
in acute renal failure, 854-855 
fetal, 235

Acid-suppressing drugs, fetal effects of, 146 
ACM G. S ee  American College o f Medical 

Genetics and Genomics (ACMG)

Acne
conglobata, 1076? 
vulgaris, 1079 

ACOG. See American College o f
Obstetricians and Gynecologists
(ACOG)

Acoustic neuroma, 1069
Acquired immunodeficiency syndrome

(AIDS) 
as cause o f death, 1199 
P n e u m o cy s t is  j i r o v e c i  pneumonia (PJP) 

and, 833-834 
Acrodermatitis enteropathica, 1081 
Acromegaly, 939-940 
AC TH . See Adrenocorticotropic hormone 

(ACTH)
Activated partial thromboplastin time, 46 
Activated protein C (APC)/sensitivity (S) 

ratio, 46 
Active phase o f labor 

cervical dilation in, 273 
defined, 271-272 
disorders of, 273-274 

arrest o f labor, 273
electromechanical classification of, 274 
protraction disorders, 273 

Active smoking, in preconception health 
counseling, 108 

Active transporters, 15-16 
Activity 

fetal
maternal assessment of, 227-228, 228/ 

885
maternal monitoring of, 755 

prenatal care and, 114 
Acupuncture

in breech presentation, 387 
for nausea and vomiting during 

pregnancy, 132 
Acute fatty liver o f pregnancy (AFLP), 

1008-1009, 1008? 
abdominal pain, 1014 
as coagulopathy risk factor, 418 

Acute intermittent porphyria, 1006 
Acute lymphoblastic leukemia (ALL), 1063 
Acute myeloid leukemia (AML), 1063 
Acute nonlymphocytic leukemia (ANLL), 

1063-1064
Acute normovolemic hemodilution, for 

postpartum hemorrhage, 421 
Acute pancreatitis, 1002-1003

hyperparathyroidism and, 912 
Acute pyelonephritis, abdominal pain and,

1015

1231
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Acute renal disease, in pregnancy, 853-855 
Acute renal failure, 854-855 

in eclampsia, 692 
in HELLP syndrome, 675, 675f 

Acute respiratory distress syndrome (ARDS), 
in HELLP syndrome, 675 

Acute urethral syndrome, 1133 
Acyclovir

in breast milk, 154
for eczema herpeticum, 1078
fetal effects of, 148
for herpesvirus, 1119
for varicella pneumonia, 832

ADAMTS13, 949 
Adaptive immune system, 71-72 

antibody isotypes in, 71-72, 72f  

humoral immune response in, 71 
major histocompatibility complex (M HC) 

in, 71 
overview of, 65, 6 7 /

Adaptive thermogenesis, 125-126 
Addiction, narcotic, 151 
Adenomas

clinically nonfunctioning, 940 
gonadotroph, 940 
hepatic, 1006 
parathyroid, 911-912 
pituitary, 938 

Adipogenesis, 89, 8 9 /
Adnexa, ultrasound of, 175-176, 176/ 
Adnexal masses 

aspiration of, 560 
corpus luteum cyst, 556, 557/ 
cystadenomas, 556-558, 558/ 
dermoids, 556-558, 558/ 
endometriomas, 556-558, 558/ 
follicular cysts, 556, 557/ 
imaging, 557/ 558-559 
malignant, 556-558 
ovarian cancer and, 1067 
ovarian torsion of, as complication, 559, 

560/
in pregnancy, 556-560 
prevalence of, 556 
Rokitansky tubercle, 556-558, 558/ 
theca lutein cysts, 556, 557/

Adnexal torsion, in abdominal pain,
1015

Adolescent
girls and lifetime risk o f maternal death, 

1197-1198 
weight gain recommendations for 

pregnant, 124-125 
Adrenal glands, fetal, 35 
Adrenal insufficiency, 942-943 
Adrenals, 941-944

adrenal insufficiency and, 942-943 
Cushing syndrome and, 941-942 
maternal, 55-56
pheochromocytoma in, 943-944 
primary hyperaldosteronism in, 943 

p-Adrenergic blocking agents, for 
hyperthyroidism, 924 

Adrenocorticotropic hormone (ACTH) 
fetal, 35
fetal endocrine manifestations o f placental 

insufficiency, 742 
maternal, 55

Adult health and disease
developmental origins of, 83-99 
programming in 

brain, 92 
cardiac, 91-92 
endocrine, 95 
energy-balance, 86-92 
by environmental agents, 87-89 
epigenetics and, 84-86 
gestational, 84-85, 84f  

hepatic, 89-90 
obesity, 88-89 
osteoporosis, 92 
pancreatic, 90-91 
renal, 96-97 
sexuality, 95-96 

Adult respiratory distress syndrome (ARDS), 
pyelonephritis and, 853 

Adverse events, preventable
factors that contribute to, 1175 
frequency of, 1174-1175 

Affordable Care Act (ACA), 1183, 1187 
AFLP. S ee  Acute fatty liver o f pregnancy 

(AFLP)
AFP. See Alpha-fetoprotein (AFP)
African American, preterm birth in, 621-622 
Afterload, 312
AGA. See Average for gestational age (AGA) 
Agency for Healthcare Research and Quality 

(AHRQ), 527 
Alanine aminotransferase (ALT), maternal, 

53-54
Alanine transaminase (ALT), in  HELLP 

syndrome, 671-672 
ALARA (as low as reasonably achievable) 

principle, 182-183 
Albright syndrome type la, 914 
Albumin

maternal levels of, 805-806 
urinary excretion of, 50, 50t  

Albuminuria, 50 
Alcohol

in breast milk, 155
fetal alcohol syndrome and, 150, 150/ 

1166 
diagnosis of, 150 
history taking for, 150 

management withdrawal, 1167 
in motor vehicle crashes (MVCs), 565 
pregnancy loss from, 587 
specific drugs o f abuse, 1166-1170 
substance abuse of, 108-109 

Alcoholism, during pregnancy, 1007 
Aldosterone, 51-52
Alemtuzumab, for multiple sclerosis, 1045 
Alimentary tract, maternal, 52-54 

appetite in, 52 
gallbladder in, 53 
intestines in, 53 
liver in, 53-54 
mouth in, 52-53
nausea and vomiting o f pregnancy and, 54 
stomach in, 53 

Alkaline phosphatase, maternal levels of, 
53-54

Alkylating agents, for cancer, 1059
ALL. See Acute lymphoblastic leukemia (ALL)
Allantoic circulation, 29

Allele dropout (ADO), 215 
Allergic disease, breastfeeding in, 527, 5291 

Allergic rhinitis, management of, 841 
Allergy

to local anesthetics, 354 
preterm labor induced by, 627 

Alloimmunization. S ee a lso  RhD 
alloimmunization 

historic perspectives of, 770-771 
nomenclature of, 770 
red cell, 770-785 

Alpha-fetoprotein (AFP)
for aneuploidy screening, 200 
intrauterine growth restriction and, 752 
maternal serum

for aneuploidy screening, 200 
intrauterine growth restriction and, 752 
for neural tube defects, 200, 209 
unexplained elevated, obstetric 

significance of, 209-210 
yolk sac secretion of, 12 

Alphanate, for von Willebrand disease, 
961-962

ALT. See Alanine aminotransferase (ALT) 
Alveolar oxygen (PaO2), maternal, 47 
Alveolar period, 469 
Alveolar-to-arterial gradient, 47 
Amenorrhea, postpartum, 503-504 
American Academy o f Pediatrics (AAP), 517 
American blacks, Rh gene locus, 772-773 
American College o f Medical Genetics 

(ACMG) 
on aneuploidy screening, 201 
on carrier screening, 206 
on cystic fibrosis screening, 207 
on newborn screening, 208 

American College o f Medical Genetics and 
Genomics (ACMG), 1189 

American College o f Obstetricians and 
Gynecologists (ACOG), 1186 

in amnioinfusion, 791-792 
on aneuploidy screening, 201 
on antenatal testing in multiple 

gestations, 727 
on antidepressant use, 1153 
on asymptomatic bacteriuria, 851-852 
on carrier screening, 206 
on cesarean delivery, 427, 429, 444-445 
fetomaternal hemorrhage screening and, 

775
G u id e lin e s  f o r  V a g in a l  D e l iv e r y  a f t e r  a  

P re v io u s  C esa rea n  B i r t h ,  444 
on misoprostol, 283 
on neuraxial techniques, 356 
on nondiagnostic use o f ultrasound, 

189-190
operative vaginal delivery classification, 

290
on oxytocin use, 276 
patient safety checklist, 3 9 2 .f l/3 9 2 .f2 / 
on prenatal diagnostic test 

recommendations, 203 
in prolonged pregnancy, 799-800 
in Rh immune globulin use, 773 
on three-dimensional ultrasound, 166 
on trial o f labor, 445, 449-450, 452 
vitamin D  deficiency, 915 

American College o f Radiology, 572
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American College o f Rheumatology,
diagnostic criteria of, for systemic lupus 
erythematosus, 982t  

American Institute o f Ultrasound in 
Medicine (A IUM ), 170, 182-183 

on nondiagnostic use o f ultrasound, 
189-190

American Psychiatric Association, 1153 
American Society o f Hematology (ASH), on 

immune thrombocytopenia purpura, 

951
American Thoracic Society (ATS), bacterial 

pneumonia guidelines of, 830 
American Thyroid Association (ATA)

Clinical Guidelines for Thyroid and 
Pregnancy, 932-933, 93 2 / 

guidelines, for thyroid function tests, 
916-917

Amikacin, for chorioamnionitis, 1136 
Amino acids

fetal growth and, 738 
metabolic responses to placental 

insufficiency, 741-742 
metabolism, in diabetes mellitus, 869-870 
placental transport of, 17-18, 1 I f  

Aminoglycosides, fetal effects of, 147-148 
Amiodarone, in  breast milk, 152 
Amitriptyline, fetal effects of, 142 
AM L. S ee  Acute myeloid leukemia (AML) 
Amniocentesis, 210-211 

early, 210
for fetal pulmonary maturity testing, 240 
for recurrent aneuploidy, 583 
in RhD alloimmunization, 777 
safety of, 210-211 
technique for, 210 
in  toxoplasmosis, 1143 
in tw in pregnancies, 210 
in women with preterm labor, 629-630 

Amnioinfusion
as conservative corrective measure, 332 
in labor, 791-792 

Amnion, 648
development of, 5 

Amnionicity, determination
in first trimester, 708, 708f, 70 9 / 
in second trimester, 708, 7 0 9 /7 1 0 / 

Amnionitis, 210-211
from fetal blood sampling, 213 

Amnioreduction, serial for tw in-tw in 
transfusion syndrome, 717 

Amniotic bands, ultrasound screening for,
185, 1 8 5 .f l/

Amniotic fluid
abnormalities, and fetal mortality, 225 
assessment for fetal growth restriction 

diagnosis, 747-748 
disorders of, 786-794 
embolism, as coagulopathy risk factor,

418
formation of, 788

fetal urine, 788, 78 9 / 
lung liquid, 788 

hypotonicity of, 27-28 
maternal assessment o f fetal activity and, 

228
maximum vertical pocket of, 787, 792 
meconium-stained, 477-478

Amniotic fluid (C o n t in u e d )

and presence o f pulmonary surfactant 
components, 240 

removal of, 789-790 
fetal swallowing, 789 
intramembranous absorption, 789-790, 

7 8 9 /7 9 0 / 
resorption of, fetal swallowing in, 27 
source o f

fetal lung secretions as, 27 
fetal urine as, 27 

volume of, 27-28, 786-788
amniotic fluid index for assessment of, 

237, 787, 78 7 /7 8 8 / 
average of, 27, 2 7 / 
biophysical profile of, 743-744 
fetal lung fluid secretion and, 27 
fetal urine and, 27 
as function o f gestational age, 787/ 
in growth-restricted fetus, 755-756 
maintenance of, 27, 27f  

measurement of, 786 
normal, 786
ultrasound of, 171-173, 786-788,

788/
Amniotic fluid index (AFI), 171-172, 172/ 

78 8 /
w ith gestational age, 78 8 / 
increased in hydration and, 791, 7911 

measurement technique of, 787, 787/ 
in modified biophysical profile, 237 
normal values in pregnancy, 12221 

Amniotomy, 273
intrauterine pressure catheter placement, 

273-274 
Amoxicillin

for asymptomatic bacteriuria and acute 
cystitis, 1134 

fetal effects of, 147
for premature rupture o f the membranes, 

655
Amoxicillin/clavulanate, fetal effects of, 147 
Amoxicillin-clavulanic acid

for asymptomatic bacteriuria and acute 
cystitis, 1134 

for premature rupture o f the membranes, 
655

Amphetamine, in preconception health 
counseling, 109 

Ampicillin
for asymptomatic bacteriuria and acute 

cystitis, 1134 
for chorioamnionitis, 1136-1137 
fetal effects of, 147 
for group B streptococcal infection, 

1132/
for premature rupture o f the membranes,

655
as prophylactic preoperative antibiotics,

429-430
Amplicor M y c o b a c te r iu m  tu b e rcu lo s is  

(Amplicor M TB) test, 835 
Anal canal, 1224.^8/
Anal incontinence, postpartum, 506-507 
Anal sphincter injury

after forceps injury, 300f 
laceration repair, 41 3 / 
repair of, 263

Analgesia, 347-358, 3471

epidural, 347, 347/ 350, 351/ 
complications, 350-351 
continuous, 350 
lumbar, 350, 3 5 1 /35 2 / 
segmental, 350, 352/ 
stress response to, 347, 347/ 

labor, 535
neuraxial techniques, 350-358

blocks of, complications of, 350-356 
allergy to local anesthetics, 354 
back pain, 356 
breastfeeding issues, 356 
effect of, on labor and method o f 

delivery, 356-358 
fever, 357-358
high spinal (total spinal) anesthesia, 

354
hypotension, 352-353 
local anesthetic toxicity, 353-354 
nerve injury, 354-355 
progress o f labor, 357 
spinal headache, 355-356 
and study design, 356-357 

paracervical block, 358, 358/ 
patient-controlled, 348 
placental transfer, 349-350, 349b  

procedures used, according to size o f 
delivery service, 347? 

psychoprophylaxis and nonpharmacologic 
techniques, epidural, 347-348, 347/ 
348f

reduction o f stress responses with, 347 
sedatives, 349 
systemic opioid, 348-349 

Analgesics
fetal effects of, 148-149 
placental transfer, 349-350, 349£

Anatomy
fetal anatomic survey, 747 
o f fetal heart, 3 0 / 
placental, 2-25 

Androgenic steroids, fetal effects of, 139 
Androgens

fetal effects of, 139, 140/ 
and sexual orientation, effect o f exposure 

on, 95-96
Anembryonic gestation, 169-170, 170/ 
Anemia

in chronic renal disease, 857 
diagnosis, in pregnancy, 130f 
dilutional, o f pregnancy, 551 
evaluation, 961/ 
fetal

hydrops fetalis and, 772 
placental size in, 13-14 

iron deficiency, 130, 566, 952-955, 952b  

maternal, placental size in, 13-14 
megaloblastic, 955-956 
neonatal, 486 
physiologic, 805 
postpartum, 507 

Anencephaly, 185, 185. e l f  

in diabetes mellitus, 872 
face presentation with, 371 

Anesthesia, 344-367 
for cancer surgery, 1059 
for cesarean delivery, 359-365, 361 b , 361 f
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Anesthesia (C o n t in u e d )  

antacids, 361, 362/ 
aspiration and aspiration prophylaxis 

in, 359-361 
epidural block, 364 
general anesthesia, 361-364, 361 b  

neuraxial (regional), 364-365, 3 6 4 b  

premedication in, 359 
spinal anesthesia, 364 

epidural, 350, 35 1 / 535 
general, for cesarean delivery, 361-364, 

361 b
advantages and disadvantages of,

361 b  

extubation, 364 
nitrous oxide and oxygen, 364 
postdelivery, 364 
preoxygenation, 361-362 
volatile halogenated agent, 364 

high spinal, 354
and labor progress, effects on, 275-276 
Mallampati airway classifications, 553, 

553/
neuraxial (regional), 364-365, 364b  

neurosurgical, 561
during nonobstetric surgery, 552-553 
pain pathways, 344-345, 34 5 / 
personnel, 344
pregnancy physiology and, 553 
regional, 560 
teratogenicity and, 553 
total spinal, 354 
for vaginal delivery, 358-359 

local anesthesia, 358 
monitored care for, w ith sedation, 359 
pudendal nerve block, 358-359, 36 0 / 
spinal (subarachnoid) block, 359 

Aneuploidy
autosomal trisomy, 581-582 
recurrent, 583?

genetic counseling and management 
for, 583 

screening for, 198-202
cell-free D N A  analysis for, 200-201 
confounding factors in, 200 
first- and second-trimester, 200 
first-trimester, 198-200, 198? 
in multiple gestation, 201-202 
second-trimester, 198?, 200 
ultrasound, 202 

ultrasound screening for, 184-185 
in first trimester, 184, 185/ 
in second trimester, 184-185, 185/ 

1 8 4 .f l/
Angiogenesis, 754

inhibition by thalidomide, 83-84 
in placental vasculature, 12 

Angiotensin, 51-52 
in nephrogenesis, 96 

Angiotensin-converting enzyme (ACE) 
inhibitors 

in breast milk, 154 
for cardiomyopathy, 820 
chronic renal disease and, 857 
for diabetic nephropathy, 875-876 
fetal effects of, 144 
for hypertension, 698 
in renal development impairment, 96

Angiotensin II
in cardiovascular regulation, fetal, 32-33 
as receptor blockers, for diabetic 

nephropathy, 875-876 
Angiotensin receptor blockers (ARBs), fetal 

effects of, 144 
Angiotensinogen, 51-52 
Anhydramnios, 172-173 

in ultrasound, 187, 1 8 8 .f l/
ANLL. S ee  Acute nonlymphocytic leukemia 

(ANLL)
Anococcygeal ligament, 1224.f2/1224.f3 / 
Anomalies, screening for, w ith standard 

ultrasound examination, 185-189 
in abdomen, 187 
in chest, 186-187 
in head and neck, 185-186 
in hydrops, 189 
in spine, 188 

Anorexia nervosa, 1161, 1163
diagnosis and prevalence, 1161-1162,

11626
natural history across childbearing, 

1162-1163 
treatment, 1163 

Antacids
for cesarean delivery, 361, 362/ 
fetal safety, 1021 
iron absorption and, 131 

Antepartum fetal evaluation 
algorithm for, 881/
in diabetes mellitus, 884-887, 885? 
for epilepsy, 1040 
for sickle cell disease, 960 

Anterior pituitary, 938-941
hormone changes in pregnancy, 938 
hypopituitarism in, 940 
lymphocytic hypophysitis in, 941 
Sheehan syndrome in, 940-941, 940? 
tumors in, 938-940 

acromegaly, 939-940 
clinically nonfunctioning adenomas, 

940
prolactinoma, 938-939, 939/ 
thyrotropin-secreting, 940 

Anterior recess, 1224.e G f  

Antianxiety, in breast milk, 152-153 
Antiasthmatics, fetal effects of, 145 
Antibiotics

antitumor for cancer, 1059 
for asymptomatic bacteriuria, 1134 
in breast milk, 154 
for chorioamnionitis, 1135 
for early-onset bacterial infection, 48 8 / 
for endomyometritis, 438 
fetal effects of, 147-148 
for group B streptococcal (GBS) 

infection, 630, 1132 
for opportunistic infections w ith HIV, 

1109?
for pneumonia, 830-831 
precesarean, in cesarean delivery, 429-430 
for premature rupture o f the membranes, 

655
for preterm birth prevention, 640 
in preterm labor, 630 
prophylaxis in labor and delivery in heart 

disease, 807-808, 808£

Antibiotics (C o n t in u e d )

for puerperal endometritis, 1138 
for pyelonephritis, 852-853 

Antibodies
antiphospholipid, 224 
hemolytic disease o f the fetus and 

newborn
due to non-RhD antibodies, 781-782, 

781?
rhesus alloimmunization, 773 

isotypes of, 71-72 
neutralization of, 71 
opsonization of, 71 
to red cell, 770 

Anticoagulant system, 967 
Anticoagulants

in breast milk, 154 
fetal effects of, 143-144, 143/ 

Anticoagulation, w ith  mechanical valve,
813

Anticonvulsant medications. S ee  a lso  

Antiepileptic drugs (AEDs) 
in breast milk, 153 
fetal effects of, 141 
pregnancy on, effects of, 1036-1037 

Antidepressants
in breast milk, 152-153, 1154 
dosage changes across pregnancy, 1153 
fetal effects of, 142-143

behavioral teratogenicity, 1152-1153 
growth effects, 1152 

integrative treatments, 1153-1154 
neonatal effects, 1153 
postpartum use, 1154 

Antiemetics, fetal effects of, 145-146 
Antiepileptic drugs (AEDs) 

breastfeeding and, 1041 
fetal effects of, 140-141, 140/^141/ 
for genetic generalized epilepsies, 1031 
postpartum period and, 1041 
teratogenic effects of, 1032-1036, 1033? 

dose of, effects of, 1036 
polytherapy and, 1036 

Anti-factor Xa, 813-814 
Antifungal agents 

in breast milk, 154 
fetal effects of, 148 

Antigen presenting cells, 72
maternal tolerance o f fetus through, 77 

Antigenic drift, 1113 
Antigenic shift, 1113 
Antigens, maternal tolerance o f fetus 

through presentation of, 77 
Antihistamines

for atopic dermatitis, 1078-1079 
fetal effects of, 146-147 

Antihypertensive therapy 
goals in pregnancy, 697-698 
safety in pregnancy, 698-699 

Antihypertensives
in breast milk, 153-154 
fetal effects of, 144 

Antiinfective agents, fetal effects of, 147-148 
Antimetabolites, for cancer, 1058-1059 
Antimicrobial peptides, 68 
Antimicrosomal antibodies, 928 
Antineoplastic drugs, fetal effects of,

144-145
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Antinuclear antibody (ANA) titer, for 
systemic lupus erythematosus, 982 

Antiphospholipid antibody syndrome, 224 
Antiphospholipid syndrome, 968 

catastrophic. S ee  Catastrophic 
antiphospholipid syndrome 

clinical presentation of, 988 
in collagen vascular disease, 987-991,

9876
definite, diagnosis of, 988 
diagnosis of, 988-989 
management of, in pregnancy, 989-990, 

9906
possible or probable, and equivocal cases, 

989
pregnancy complications and surveillance

of, 990-991 
treatment of, during pregnancy, 989-990 

Antiplatelet agents, for preeclampsia 
prevention, 669-670 

Antipsychotics
during breastfeeding, 1165 
during pregnancy, 1164-1165 

Antiretroviral agents, fetal effects of, 148 
Antiretroviral therapy (ART), 1101-1102 
Antirheumatic drugs, 992 
Antithrom bin III, 46 
Antithyroid drugs, fetal effects of, 144 
Antituberculosis drugs, fetal effects of, 148 
Antitum or antibiotics, for cancer, 1059 
Antiviral agents

antiretroviral therapy (ART), 11 l4 f  
fetal effects of, 148 

Anxiety, effects o f maternal, 92-93 
Anxiety disorders, 1160-1161 
Aortic arch receptors, 32 
Aortic plexus, 1224.e  15 /
Aortic regurgitation, 812 
Aortic stenosis, 811-812

hemodynamic monitoring during labor, 
804, 806/

Aortic valve replacement, 812 
Aortic/cardinal circulation, 29 
Aortocaval compression, 361, 553 
Apgar scoring system, 475^ 

w ith cesarean section, 3611 

depressed with
induction-to-delivery (I-D), prolonged,

362
uterine incision-to-delivery interval 

(U-D), prolonged, 362
Apnea

in late preterm infant, 496 
in preterm infants, 618 

Apoplexy, uteroplacental, 400 
Apoptosis

decidual membrane activation and, 625 
in villous membrane, 11 

Apparent diffusion coefficient mapping, 691 
Appendectomy, 555, 556/
Appendicitis, 53

acute, 1021- 1022, 10226 
Appendicolith, 1021-1022 
Appetite

appetite/satiety dysfunction, 89 
hypothalamic regulation of, 88 
maternal, 52 

A pt test, 212

Aquaporins, 19, 28 
Arachnoid cyst, 186, 186.f4 /
Arcuate pubic ligament, 1224 . e 4 f  

Arcus tendineus, I 2 2 4 . e 2 f - I 2 2 4 . e 3 f  

ARDS. See Acute respiratory distress 
syndrome (ARDS)

Areola mammae, 519 
Arginine vasopressin (AVP)

cardiovascular regulation of, fetal, 32 
maternal, 51 

Aripiprazole, for schizophrenia, 1165 
Arnold Chiari type II  malformation, 

ultrasound screening for, 185-186,
1 8 6 .f l/

Arrest o f labor, in active phase o f labor, 273 
Arrhythmias 

fetal, 233-234 
cardiac, 328 

malignant ventricular, 822 
maternal, 43, 808 
in septic shock, 1141 

ART. See Antiretroviral therapy (ART); 
Assisted reproduction technology
(ART)

Arterial blood gas values, normal values in 
pregnancy, 1215?

Arterial blood pressure 
fetal, 3 1 / 
maternal, 41, 4 1 /

Arterial carbon dioxide (PaCO2), maternal,
47

Arterial Doppler indices, 743?
Arterial embolization, selective, for uterine

atony, 409
Arterial ligation, for uterine atony, 409, 41 0 / 
Arterial oxygen desaturation, in heart disease 

diagnosis and evaluation, 806 
Artery stenosis, renal, 855 
Arthritis, rheumatoid, 991-993. See a lso  

Rheumatoid arthritis 
Ascites

capillary leak syndrome and, 664-665 
in HELLP syndrome, 675 
in hepatic disorders, 1000 

Ascorbic acid, 129 
Asherman syndrome, 507 
Ashkenazi Jews, genetic screening for, 207, 

207f
Aspartame, fetal effects of, 152 
Aspartate aminotransferase (AST), maternal 

levels of, 53-54 
Aspartate transaminase (AST), in HELLP 

syndrome, 671-672 
Asphyxia, 308

birth, 474-475, 474/ 
delivery room management and, 475 
sequelae of, 478, 4781 

in diabetes mellitus, 872 
intrapartum, 737-738, 764-765 

Aspiration
in general anesthesia, 359-361, 3611 

meconium, 477-478, 765 
Aspiration pneumonia, in eclampsia, 692 
Aspirin

fetal effects of, 148-149 
for intrauterine growth restriction, 754 
for preeclampsia prevention, 669-670, 

670;

Assisted reproduction technology (ART),
1188

and fetal mortality, 224-225 
intracytoplasmic sperm injection (ICSI) 

in, 203
preimplantation genetic diagnosis and,

213-215 
preterm birth risk with, 623 

AST. S ee  Aspartate transaminase (AST) 
Astemizole, fetal effects of, 146-147 
Asthma

antenatal, management of, 841-843 
breastfeeding and, 843 
classification of, 837, 838f 
diagnosis of, 837 
exacerbations

home management of, 842, 8426 
hospital and emergency department 

management of, 842, 8436 
labor and delivery management of,

842-843
management of, 838 
objective measures for, 838-839 
in offspring o f maternal smokers, 94-95 
patient education on, 839 
pharmacologic therapy for, 839-841, 

839f-840* 
in pregnancy, 837-843 

effect of, 838 
prenatal anxiety associated with, 93 
triggers, avoidance or control, 839 

Astrocytomas, 1069-1070 
Astroglide gel, 505
Asymmetric growth restriction, 181-182 
Asymptomatic bacteriuria, 851-852, 8526 
Asynclitism, 251 
A T l-A A , 71 
Atenolol

in breast milk, 153-154 
for hypertension, 698 

Atopic dermatitis, 1078-1079 
Atopic eczema, 1078-1079 
Atopic eruption o f pregnancy (AEP), 1083f 
Atosiban, for tocolysis, 637-638 
Atrial natriuretic factor (ANF), fetal, 34 
Atrial natriuretic peptide, maternal, 52 
Atrial septal defects (ASDs), 815 
Atrioventricular canal defect, 187, 815 
Atrioventricular septal defect (AVSD),

187.f2/
Atrophic thyroiditis, 928 
Attenuation, o f ultrasound, 161-162 
Attitude

deflection, 371, 371/ 
o f fetus, 250-251 
normal, 371, 371/

Atypical antipsychotic agents, 1159 
Audit, quality improvement of, 1180 
Auscultation, as alternative to electronic fetal 

monitoring, 336 
randomized controlled trials of, 336-338, 

336f 
summary of, 338 

AutoAnalyzer, 776 
Autoimmune disorders

cutaneous manifestations of, 1080-1081 
postpartum thyroiditis (PPT), 502 

Autoimmune hepatitis, 1005
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Autoimmune thyroid disease, 916 
Autologous blood donation and transfusion, 

preoperative, as blood conservation 
approach, 421 

Autonomic regulation, o f fetal cardiovascular 
system function, 32-33 

Autosomal deletions and duplications, 197, 
19 7 t

Autosomal trisomy, 195?, 196-197, 581-582 
trisomy 13, 197 
trisomy 18, 197
trisomy 21 (Down syndrome), 196-197, 

196/
Average for gestational age (AGA) 

defined, 738-739 
neonatal morbidity in postterm 

pregnancy, 7981 
Azathioprine

fetal effects of, 145
for systemic lupus erythematosus, 987 

Azelaic acid, for acne vulgaris, 1079 
Azithromycin

in breast milk, 154 
for chlamydia, 1091-1092 
for gonorrhea, 1093 
for syphilis, 1095^

Aztreonam, for septic shock, 1142

B
B cells

activation of, 71 
function of, 71
maternal tolerance o f fetus through 

regulation of, 75-77 
ontogeny o f fetal development of, 74 

B,2, normal values in pregnancy, 1216?
B19 parvovirus, 1114-1115 
Baby-Friendly Hospital Initiative (BFHI),

532
Bacille Calmette-Guerin (BCG) vaccination, 

834-835 
Back pain, 356
Backache, prenatal care and, 115 
Bacteria, group B streptococcus (GBS),

membrane stripping in carriers of, 285 
Bacterial infection, 1130-1146

early-onset, neonatal, 487, 48 7 /4 8 8 / 
group B streptococcal infection,

1130-1133 
diagnosis of, 1131, 1131 f, 1133? 
epidemiology of, 1130-1131, 113I f  
maternal complications of, 1131 
premature rupture o f the membranes, 

648
prevention of, 1131-1133, 1132/ 

septic pelvic thrombophlebitis, 1140- 
1141, 1141/ 

upper genital tract infections, 1135-1145 
chorioamnionitis, 1135-1137, 1137/ 
necrotizing fasciitis, 1140 
pelvic abscess, 1140 
puerperal endometritis, 1137-1139 
septic shock, 1141 
toxoplasmosis, 1142-1144, 1143 b  

wound infection, 1139-1140, 1140£ 
urinary tract infections, 1133-1135 

acute cystitis, 1133-1134 
acute pyelonephritis, 1134-1135, 1134/

Bacterial infection (C o n t in u e d )  

acute urethritis, 1133 
asymptomatic bacteriuria, 1133-1134 

Bacterial pneumonia, 829-831, 830/ 
Bacterial vaginosis (BV)

gene-environment interactions and, 626 
preterm birth and, 620 

Bacteriology, o f pneumonia, 829 
Bacteriuria, asymptomatic, 851-852, 852^, 

1133-1134, 1134*
B a c te ro id e s

chorioamnionitis, 1135 
pelvic abscess, 1140 

Bakri tamponade balloon, 408-409, 
40 8 /4 0 9 /

Balanced translocation, 583-584 
Balloon occlusion catheters, in placenta 

accreta, 464 
Balloon valvotomy, 812 
Banana sign, 185-186, 1 8 6 .f l/
Banding, 1001-1002 
Bariatric surgery, 560-561

pregnancy in, in preconception health 
counseling, 107 

Baroreceptors, fetal, 32 
Barrier methods, o f pregnancy prevention, 

512
Bart’s hemoglobin, 13-14, 959 
Basal plate, placental, 3, 3 /
Baseline

rate, 318-319, 319/ 
wandering, 328 

B-cell receptors, 71
Bed rest, in multiple gestation pregnancy, 

725
Behavior, fetal behavioral responses to 

placental insufficiency, 743 
Behavioral factors, preterm birth and,

620
Belfort-Dildy obstetrical tamponade system, 

408-409, 40 9 /
Benchmarking, quality improvement of, 

1180 
Bendectin, 1019 
Benzodiazepines

for alcohol withdrawal, 1167 
for convulsions, in local anesthetic 

toxicity, 353 
fetal effects of, 142, 1161 
for labor, 349 
withdrawal from, 1167 

Benzoyl peroxide, for acne vulgaris, 1079 
Betamethasone

antenatal exposure to
adverse cardiac outcomes of, 91 
insulin resistance in, 90 

antenatal for reducing risk o f death, 
630-631 

fetal effects of, 145
for intrauterine growth restriction, 754
for preeclampsia, 684
for premature rupture o f the membranes,

654-655 
Bevacizumab, 1059 
Bicarbonate 

maternal, 47
placental transport of, 17

B if id o b a c te r iu m  b i f id u m ,  528

Bilateral Looped Uterine Vessel Sutures 
(B-LUVS), 410, 41 0 /

Bilateral periventricular nodular heterotopia, 
1039, 1039/

Bile pigment metabolism, neonatal, 483, 
48 4 /

Biliary sludge, 53 
Bilirubin

fetal elimination of, 34-35 
hearing loss, association with, 780 
in HELLP syndrome, 689 
hyperbilirubinemia, neonatal, 483 

bile pigment metabolism, 48 4 / 
kernicterus, 541 
maternal levels of, 53-54 
maximum serum, distribution of, 48 5 / 

Bimanual uterine massage, for uterine atony, 
407, 40 7 /

Biochemistry Ultrasound Nuchal
Translucency (BUN) Study, 199, 1991 

Biologic agents, for rheumatoid arthritis,
992

Biophysical profile (BPP), fetal, 234-237 
amniotic flu id volume and, 743-744 
component fetal, 756 
correlation with

fetal acid-base status, 235 
perinatal morbidity/mortality, 235, 

23 6 / 
drawbacks of, 236
fetal breathing movements (FBMs), 234 
in growth-restricted fetuses, 756 
management of, 235? 
modified, 237
predictive value of, 236-237 
scoring, criteria of, 235?

Biophysics, o f ultrasound, 161 
Biopsy

blastomere, 213 
breast mass, 543 
placental, 211 
polar body, 213 
renal, 857
sentinel lymph node, 1060-1061 
trophectoderm, 213 
in vulvar cancer, 1068 

Biparietal diameter (BPD)
for fetal growth assessment, 745 
for ultrasound gestational age 

determination, 177, 178/
Bipolar disorder, 1155-1160 

breastfeeding for, 1159-1160 
diagnosis and prevalence, 1155-1156 
natural history across childbearing, 1156 
prevention o f recurrence after delivery, 

1159
treatment during childbearing,

1156-1159 
Birth asphyxia, 474-475, 474 f  

delivery room management and, 475 
sequelae of, 478, 478?

Birth control
barrier methods, 512 
combined hormonal contraception 

(CHC), 510-511, 510b  

counseling women w ith congenital heart 
disease, 815 

emergency contraception, 511
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Birth control (C o n t in u e d )

injectable contraception, 510 
intrauterine device (IU D ), 509, 5091 

long-acting reversible contraception 
(LARC), 509-510 

natural family planning methods, 512 
progestin-only oral contraception, 511 
sterilization, 511-512 

Birth defect surveillance monitoring systems 
(BDSMSs), 138-139 

Birth defects
clinical value o f screening for, 189 
“entertainment” ultrasound examinations 

for, 189-190 
epidemiologic approach to, 138-139 

case reports in, 138 
case-control studies in, 139 
clinical trials in, 139 
cohort studies in, 139 
descriptive studies in, 138-139 

etiology of, 137
ultrasound as screening tool for, 183-184, 

184/
Birth injuries, 478-480, 4791 

Birth spacing, 116 
Birthweight

breast-fed infant for, 522 
coronary heart disease and, 91 
definitions of, 616, 738-739 
insulin resistance and, 90 
maternal glycemia level and, 880/ 
in ponderal index, 739 
and prolonged second stage o f labor, 261 
vaginal birth after cesarean delivery 

(VBAC) and, 447 
Bishop score, 266

modified, 279-280, 279?
Bishydroxycoumarin, in breast milk, 154 
Bisphenol A  (BPA), 87, 8 7 / 
Bisphosphonates, fetal effects of, 149 
Biventricular cardiac output, fetal, 30 
Blacks

calcium supplementation for, 131 
obesity in, 122 
sickle cell anemia in, 207 

Bladder, 1224. e 6 f  \ 2 2 4 .e 8 f ,  

1224.e l0/1224.fl 1 / 
anatomic changes in, during pregnancy, 49 
outlet obstruction, 188, 188.f2f  

ultrasound screening for anomalies in,
188

Bladder flap, in cesarean delivery, 432 
Bladder injury, as complication, o f cesarean 

delivery, 436 
Blalock-Thomas-Taussig shunt, 814, 816 
Blastocyst, in placental development, 3 
Blastomere biopsy, 213 
Bleomycin

for Hodgkin lymphoma, 1062-1063 
for non-Hodgkin lymphoma, 1063 

P-Blockade
for cardiomyopathy, 820 
in hypertrophic cardiomyopathy, 822 
in Marfan syndrome, 821 
in mitral stenosis, 809-810, 810/ 

p-Blockers
in breast milk, 153-154 
for hypertension, 698

Blocks
neuraxial, complications of, 350-356 
neuraxial analgesia and anesthetic 

techniques, 350 
pudendal nerve block, 358-359, 360/ 
spinal (subarachnoid), 359 

Blood component therapy, for postpartum 
hemorrhage, 420-421, 420? 

fresh-frozen plasma, 420 
packed red blood cells, 420 
platelet concentrates, 420 
transfusion, risks and reactions of,

420-421, 421? 
whole blood, 420 

Blood conservation approaches, for
postpartum hemorrhage, 421-422 

acute normovolemic hemodilution, 421 
alternative oxygen carriers, 421-422 
intraoperative blood salvage, 421 
preoperative autologous blood donation 

and transfusion, 421-422 
Blood flow 

fetal
in gastrointestinal tract, 34 
redistribution in, 227 

placental
umbilical, 19 
uteroplacental, 19 

umbilical, 26 
Blood gases

w ith cesarean section, 361? 
maternal, 48?
in umbilical cord, determination of, 

335-336, 336?
Blood loss

with cesarean delivery, 44 
w ith cesarean hysterectomy, 44 
w ith vaginal delivery, 44 

Blood pressure
diastolic, in pregnancy, 4 1 ,4 1 / 
hemorrhage, response to, 395, 396/ 
maternal

arterial, 41, 4 1 /
hypotension o f supine women and,

40-41 
physiology of, 41, 4 1 / 
position when taken, 41, 4 1 / 

systemic vascular resistance and, 41 
Blood salvage, intraoperative, 421 
Blood typing, fetal, 776-777 
Blood urea nitrogen (BUN), maternal, 

49-50 
Blood volume

increases of, in pregnancy, 566 
maternal, 43-44, 4 4 / 551, 805-806 

Blood-blood barrier, diffusion across, 314 
Bloody show, 271
Blunt trauma, in pregnancy, 566-567 
B-Lynch suture, 410 
B-mode ultrasound, 163-164 
Body mass index (BMI), 86

low or underweight preconception, 124 
overweight and obese prepregnancy, 124 
in preconception health counseling,

106-107 
obesity, 106-107 
overweight, 106-107 
pregnancy after bariatric surgery, 107

Body mass index (BMI) (C o n t in u e d )  

underweight, 107 
weight gain, 106 

Body water, metabolism of, maternal, 51-52 
Bone 

loss
postpartum, 503-504 
in pregnancy, 58 

osteoporosis, 58 
Bone disease, hyperparathyroidism and, 912 
Bone marrow transplantation, 74 
Bone resorption, during pregnancy, 911 
Bottle feeding, mechanics of, 524-525, 525/ 
BPD. See Biparietal diameter (BPD)
Brachial plexus injury

w ith shoulder dystocia, 388 
shoulder dystocia and, 479 

Brachycephaly, 185, 185. e l f  

Bradyarrhythmia, fetal, 233-234 
Bradycardia, fetal, 232-233, 233/ 

w ith fetal blood sampling, 212 
fetal heart rate monitoring, 319 
in paracervical block, 358 
with uterine rupture, 416 

Brain, tumors, 1069 
Brain natriuretic peptide, maternal, 52 
Brain programming, 92

glucocorticoids and prematurity in, 93-94 
immune function in, 94-95 
maternal stress and anxiety in, 92-93 
substances o f abuse in, exposure to, 92 

Brandt-Andrews maneuver, 262-263 
BRCA1 and BRCA2 mutations, 1060 
Breast

abscess, 539-540 
adaptive immunology of, 528/ 
anatomic abnormalities of, 533-535 
anatomy and development, 518-519,

520/
augmentation, 534-535 
lymphoma of, 1062-1063 
mastitis, 539-540 
pain, 538-539
pregnancy-related changes in, 59 
reduction mammoplasty, 535 
surgeries, previous, 534-535 
tubular, 534 

Breast cancer, 543, 1060-1062 
breast reconstruction, 1062 
diagnosis and staging, 1060-1061 
lactation and, 1062 
prognosis, 1061 
subsequent pregnancy, 1061 
treatment of, 1060£, 1061

Breast milk, 526-531
artificial, 526
cognitive development, 527 
composition of, 526-531 
cost effective of, 530, 530? 
drugs in, 152-155, 543 
expression, 536-537 
galactogogues, 541-542 
immunoglobulin of, 527-528 
in infant feeding, 481 
metabolic competence, 526 
mother-infant bonding, 529 
responses to infection and reduces allergic 

disease, 527, 528/
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Breast m ilk (C o n t in u e d )  

somatic growth, 526, 5271 

storage, 5376 
Breast pump, 5376 
Breast reconstruction, 1062 
Breastfeeding, 517-548

antiepileptic drugs and, 1041 
antipsychotics during, 1165 
asthma and, 843 
back-to-work issues, 544-545 
in bipolar disorder, 1159-1160 
breast abscess, 539-540 
breast anatomic abnormalities of, 

533-535, 534/ 
previous breast surgeries, 534-535 

breast anatomy and development, 
518-519, 520/ 

breast and nipple pain, 538-539 
breast masses during, 543-544 
breast milk, 526-531 
contraception, 545

combined hormonal, 510-511 
drugs during

compatible, 153-155 
contraindicated, 152 

electric breast pump, 537 b  

galactogogues, 541-542 
by HIV-infected women, 1111 
incidence of, 517, 518/ 
in infant feeding, 482, 482? 
infant growth, 540-541 
jaundice, in newborn, 541 
labor and delivery management, 535-537 
lower obesity risk with, 87 
management of, 533 

resources for, 533? 
mastitis, 539-540 
maternal disease, 542-543 
maternal nutrition and exercise during, 

537-538 
mechanics of, 524-525, 524/ 
m ilk transfer, 523-526, 540-541 

football hold, 525, 525/ 
latch-on, 523, 524/ 
mechanics o f nursing, 524-525,

524/
side-lying nursing, 525, 525/ 

in multiple sclerosis, 1046 
obstetrician and gynecologist, role of, 

531-533, 531? 
ovarian function in, 501 
regional analgesia, effect of, 356 
steps to successful, 531-532, 5326 
treatment during, 1154 
weaning, 545-546 

Breathing 
fetal, 472

fetal breathing movements (FBMs), 
234 

patterns of, 36 
sleep-disordered, 48-49 

Breech presentation, 251, 376-382 
acupuncture, 387 
birth injuries with, 478 
categories of, 376, 3761 
cesarean delivery, 380-381, 383 
clinician, training for, 382 
complete, 376, 381-382

Breech presentation (C o n t in u e d )

contemporary management of, 381, 3826 
diagnosis of, 376
external cephalic version (ECV), 385-387, 

386/ 
footling, 376, 384 
frank, 376, 376/381-382 
hyperextended head, 384 
incidence of, 376 
incomplete, 376, 381 
and labor, mechanism and conduct of, 

376-381 
moxibustion, 387 
preterm breech, 384 
term breech trial, 382-387 
twins, 384-385 
ultrasound of, 171
and vaginal delivery, mechanism and 

conduct of, 376-381, 37 7 /3 7 8 / 
complications, 381 

incidence of, 3811 

Crede maneuver, 379 
episiotomy, 377
hyperextension o f fetal head during,

384
Mauriceau-Smellie-Veit maneuver, 379, 

379/
nuchal arm, trapped, 377, 378/
Pinard maneuver, 377-378, 3 7 8 /3 7 9 / 
Piper forceps in, application of, 379, 

380/
rushed delivery, 377, 37 8 / 
o f second twin, 385 
Zatuchni-Andros score, 381 

British Thoracic Society, bacterial 
pneumonia guidelines of, 830 

Broad ligament, 12 24 .f9 /1224 .fl0 / 
Bromocriptine

for acromegaly, 939-940 
in breast milk, 153 
fetal effects of, 148 
for pituitary adenoma, 1069-1070 
prolactin suppression by, 56 
for prolactinoma, 938 

Bronchopulmonary dysplasia (BPD), in 
preterm infants, 618 

Brow presentation, 373-374, 373/ 
frontum anterior, 373, 3 7 3 /3 7 5 / 
incidence of, 373 
open fetal mouth, 374, 375/ 
pelvimetry, 374 
perinatal mortality, 373 
prolonged labor, 374 
spontaneous conversion, 374 

B r u c e l la , abortion and, 586 
Budd-Chiari syndrome, 1007 
Bulbospongiosus muscle, 1224.?5/
Bulimia nervosa (BN), 1162 

diagnosis and prevalence, 1162 
natural history across childbearing,

1162-1163 
treatment of, 1163 

Bulk flow, placental, 15 
Bullous disorders, 1081 
Bupivacaine, toxicity, 353 
Buprenorphine 

fetal effects of, 151 
for opioid withdrawal, 1169

in breast milk, 1155? 
fetal effects of, 150 
for smoking cessation, 1167 

BV. See  Bacterial vaginosis (BV)

C
Ca2+ATPase, 15-16 
Cabergoline

for acromegaly, 939-940 
for prolactinoma, 938 

Caffeine
in breast m ilk, 155 
fetal effects of, 151-152 
during pregnancy, 133 
pregnancy loss from, 587-588 

Calcipotriene, for psoriasis, 1079 
Calcitriol, 911 
Calcium

fetal needs, 131
hypocalcemia and, in growth-restricted 

infants, 765 
metabolism

in diabetes mellitus, 874-875 
maternal, 57-58, 57 f  

normal values in pregnancy, 1217? 
placental transport of, 19 
supplementation 

guidelines for, 131 
for hypertension, 131 
for preeclampsia, 131 
for preeclampsia prevention, 669 

Calcium channel blockers 
in breast milk, 154 
fetal effects of, 144, 634 
for hypertension, 698 
for hypertension-preeclampsia, 685 
maternal effects of, 634 
for tocolysis, 633-635 
treatment protocol of, 634-635 

Calcium homeostasis, during pregnancy, 911 
Calendar method, natural family planning 

(NFP), 512 
Calories, in infant feeding, 481 
C a m p y lo b a c te r  j e j u n i ,  132 
Canalicular period, 469 
Canavan disease, 207 
Cancer, 1057 

breast, 543, 1060-1062 
breastfeeding in, 529 
central nervous system tumors,

1069-1070 
cervical', 1065-1067, 1066/ 
colon, 1023-1024, 1069 
endometrial, 1069 
fetal-placental metastasis, 1070 
gastrointestinal, 1069 
leukemia

acute, 1063-1064 
chronic, 1064 

lymphoma, 1062-1063
Hodgkin, 1062-1063, 1062?, 1063/ 
non-Hodgkin, 1063 

melanoma, 1064-1065, 1064?, 1065/ 
ovarian, 1067-1068 
parathyroid, 912 
in pregnancy, 1060-1069 

diagnosis, delays in, 1057

Bupropion
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Cancer (C o n t in u e d )

preimplantation genetic diagnosis and,
215

radiation therapy, 1059 
rectal, 1069 
surgery for, 1059 
thyroid, before pregnancy, 933 
upper GI, 1069 
urinary tract, 1069 
vulvar and vaginal, 1068-1069 

C a n d id a  a lb ic a n s , breast and nipple pain,
538

C a n n a b is

fetal effects of, 151
in preconception health counseling, 109 
use/abuse, 1168 

Capillary leak syndrome, 664-665 
Captopril

fetal effects of, 144 
Carbamazepine (CBZ) 

for bipolar disorder, 1158 
in breast milk, 153 
childbearing age and, 1038 
fetal effects of, 140 
teratogenic effects of, 1034 

Carbapenems
for chorioamnionitis, 1136 
for puerperal endometritis, 1138 

Carbidopa, for restless legs syndrome, 49 
Carbohydrate

in infant feeding, 481 
metabolism of, maternal, 56 

Carbon dioxide
arterial, maternal, 47 
placental transport of, 17 

Carcinoembryonic antigen (CEA),
1060-1061 

Carcinoma, thyroid, incidence of, 931 
Cardiac activity, ultrasound of, 171 
Cardiac anomalies, in  diabetes mellitus, 872 
Cardiac arrest, as maternal trauma, surgery 

for, 574
Cardiac failure, in sickle cell disease, 957 
Cardiac hypertrophy, 39 
Cardiac output (CO) 

fetal
adaptation to hypoxemia, 227 
biventricular, 30 
heart rate and, 31, 3 1 / 

hemodynamic management of, 825, 825' f  

hemodynamic monitoring of, 824 
hemorrhage, response to, 395, 396f  

increase in, and pregnancy, 395 
maternal, 39-41, 40f  

in aortic stenosis, 811 
hemodynamics of, 804, 80 4 /8 0 6 / 
hypotension o f supine women and,

40-41 
increase in, 39, 4 0 / 
in labor, 42, 4 3 / 
position, depending on, 40 
in septal defects, 816 
in transposition o f the great arteries,

816-817
in pregnancy, postpartum, 502-503 

Cardiac programming, 91-92 
Cardiac rhythm, pregnancy on, 43 
Cardiac surgery, in pregnancy, 561

Cardinal ligament, 1224.^10/
Cardinal movements, in labor, 253-255,

256/ 
descent, 253, 256/ 
engagement, 253, 256/257/^ 
expulsion, 255 
extension, 255 
external rotation, 255 
flexion, 253
internal rotation, 253-255 

Cardiomegaly, 39 
Cardiomyopathy

acute treatment of, 820 
in diabetes mellitus, 875 
diagnostic criteria for, 819 b  

dilated, 819, 8196 
hypertrophic, 822
from maternal betamethasone treatment,

91
mortality rate of, 819-820 
peripartum, 819, 8196 

Cardiopulmonary arrest, in eclampsia, 692 
Cardiopulmonary complications, o f 

(J-mimetic tocolytics, 637 
Cardiopulmonary transition, neonatal, 

469-474 
abnormalities of, 474-478 
circulatory transition, 473-474, 4 7 3 / 

47 4 / 474* 
fetal breathing, 472 
first breaths, 472
pulmonary development, 469-472, 

4 7 0 /4 7 1 /
Cardiovascular adaptation, to pregnancy,

550
Cardiovascular causes, o f respiratory distress, 

neonatal, 487 
Cardiovascular system

fetal, 29-33
autonomic regulation o f function of,

32
biventricular cardiac output in, 30 
development of, 29-30, 3 0 / 
heart in, 30-32, 3 0 / 
hemoglobin in, 33, 3 3 / 
hormonal regulation o f function of,

32-33
fetal cardiovascular responses to placental 

insufficiency, 743 
maternal physiology of, 39-43

arterial blood pressure and systemic 
vascular resistance in, 41, 4 1 / 

cardiac output in, 39-41, 4 0 / 
central hemodynamic assessment in,

41-42 
heart in, 39
in immediate puerperium period,

42-43
labor effects on, 42-43 
normal changes that mimic heart 

disease in, 42, 4 3 / 
venous pressure in, 41 

postpartum, 502-503 
Care, for patient w ith epilepsy, 1040 
Caroli disease, 1000 
Carotid body, receptors in, 32 
Carpal tunnel syndrome, 1051-1052 
Carpenter-Coustan criteria, 881

Carrier screening, 1191
for heritable disorders, 206-208 

Case ascertainment, 138 
Case definition, 138 
Case reports, o f birth defects, 138 
Case-control studies, o f birth defects, 139 
Catastrophic antiphospholipid syndrome 

diagnosis of, 988-989 
management of, 990 

Catecholamines, pheochromocytoma and,
943

Catholic Healthcare Partners (CHP),
1178 

Cavitation, 182
CCR5, as H IV  coreceptor, 70, 1101 
CD4, 72
CD4+ cell count, for P n e u m o cy s t is  j i r o v e c i  

pneumonia (PJP), 834 
CD7, 73-74 
C D 8, 72 
CD 14, 528
CD16, natural killer cells and, 68
CD 19, 74
CD20, 74
CD25+, 75
CD34, 73-74
CD56, natural killer cells and, 68 
CD59, 69, 77 
CD71+, 74 
Cefazolin

in breast milk, 154 
for group B streptococcus (GBS) 

infection, 1132/ 
for puerperal endometritis, 1139 

Ceftriaxone
for gonorrhea, 1093, 10936 
for syphilis, 10956 

Cell-free D N A  analysis, for aneuploidy 
screening, 200-201 

P-cell response, in type 2 diabetes mellitus, 
867

insulin sensitivity and, 868, 869/
Cell trafficking, maternal-fetal, 78 
Centers for Disease Control and Prevention 

(CDC)
group B streptococcal infection 

guidelines, 1131-1132 
on human immunodeficiency virus 

(H IV ), 1101 
in maternal trauma, 569 
in prevalence o f obesity, 900 
sexually transmitted disease data, 

1089-1090
Central hemodynamic assessment, maternal,

41-42, 42*
Central nervous system (CNS)

CNS response to placental insufficiency,
745

damage of, b irth asphyxia, 478 
fetal, 35-36

ionizing radiation in, 551 
local anesthetic toxicity, 353 
malformations, in diabetes mellitus,

872 
maternal, 59 
tumors, 1069-1070 

Central tendon o f perineum, \ 2 2 A .e 2 f -  

1224.f3f  I 2 2 4 . e 5 f - I 2 2 4 . e 6 f
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Central venous pressure (CVP)
hemodynamic monitoring of, 823-824 
in preeclampsia, 680 

Cephalexin, for asymptomatic bacteriuria 
and acute cystitis, 1134 

Cephalic presentation, 251 
Cephalohematoma, 478-479

in operative vaginal delivery, 300-301 
Cephalopelvic disproportion (CPD), 274 

birth injuries with, 478 
brow presentation with, 374 
in cesarean delivery, indications for, 427 
face presentation with, 371 

Cephalosporins
in breast milk, 154 
for chorioamnionitis, 1136 
for eczema herpeticum, 1078 
fetal effects of, 147
as prophylactic preoperative antibiotics,

429-430 
for puerperal endometritis, 1136 
for pyelonephritis, 852 

Cerclage 
cervical

for premature rupture o f the 
membranes, 656 

for preterm birth prevention, 641 
for cervical insufficiency, 601-605 

abdominal, 602, 60 3 /60 4 / 
alternative treatments to, 609-611 

activity restriction, 609 
pessary, 609-610, 610/ 
progesterone, 610-611 

diagnosis of, 599, 5996 
effectiveness of, based on evidence, 

605-609 
emergent, 605, 606/ 
history-indicated, 601-607 
McDonald, 601, 601/ 
in multiple gestation, 609 
physical examination-indicated,

604-605, 608-609 
randomized trials of, 607, 607f 
risks of, 605 
technique, 601
transvaginal, 602, 60 2 / 604, 604/ 
ultrasound-indicated, 607-608, 6086 

in multiple gestation pregnancy, 726 
placement, prior, as genital tract 

laceration risk factors, 412 
Cerebellum, ultrasound of, 186, 186.e2/ 
Cerebral arteriogram, 692/
Cerebral palsy

biophysical profile and, 236 
birth asphyxia and, 478 
breech presentation and, 384 
causes of, 316

in premature rupture o f the 
membranes, 650 

in congenital rubella syndrome,
1117-1118 

intrapartum events related to, 316 
in multiple gestations, 711 
reduce with maternal magnesium sulfate, 

630
Cerebral pathology, in eclampsia, 690-691, 

6916, 69 1 /6 9 2 /
Cerebral vein thrombosis, 1049-1050

Cerebroplacental Doppler ratio, w ith 
advancing gestational age, 75 1 / 

Cerebrospinal fluid (CSF), for syphilis 
detection, 1094 

Cervical branch, 1224.^12/
Cervical cancer, 1065-1067 

diagnosis, delays in, 1066 
incidence of, 1065 
invasive

distant metastasis, 1067 
early-stage disease, 1066-1067 
locally advanced disease, 1067 

method o f delivery, 1067 
microinvasion, 1066 
protocol for evaluation o f abnormal 

cytology, 1066/ 
staging, 1066 
survival, 1067 
symptoms for, 1065 

Cervical dysplasia, in human papillomavirus, 
1125

Cervical funneling, 624 
Cervical insufficiency, 595-614 

cerclage, 601-605
abdominal, 602, 6 0 3 /6 0 4 / 
alternative treatments to, 609-611 

activity restriction, 609 
pessary, 609-610, 610/ 
progesterone, 610-611 

diagnosis of, 599, 599b  

effectiveness of, based on evidence,
605-609 

emergent, 605, 60 6 / 
history-indicated, 601-607 
McDonald, 601, 601/ 
in multiple gestation, 609 
physical examination-indicated,

604-605, 608-609 
randomized trials of, 607, 6071 

risks of, 605 
technique, 601
transvaginal, 602, 60 2 / 604, 60 4 / 
ultrasound-indicated, 607-608, 6086 

diagnosis o f
on physical examination, 600-601 
sonographic, 599-600, 6006 

as distinct entity, 596 
as evidence, o f preterm parturition,

596
incidence of, 595-596 
on physical examination, 6016 
pregnancy loss from, 586 
preterm birth and, 627-628 
risk factors for, 597-599 
short cervix, 596-597, 597/ 600/ 
spontaneous preterm birth (sPTB), 

595-596 
tests for, 599
treatment for, comparative trials of, 611 

Cervical laceration 
repair of, 412, 41 2 / 
as risk, o f cerclage, 605 

Cervical length (CL)
assessment, ultrasonography, 280 
preterm birth and, 620, 627-628, 627/ 
ultrasound of, 724-725 

Cervical mucus method, natural family 
planning (NFP), 512

Cervical ripening, 280 
methods of, 280, 280f 
preterm birth and, 624 
techniques for, 281-285 

oxytocin, 281-283 
prostaglandins, 283-284 

mifepristone, 285 
prostaglandin Ei, 283-284 
prostaglandin E2, 283 

stripping or sweeping, o f fetal 
membrane, 285 

transcervical balloon catheter, 285 
Cervical ultrasound, 6416 
Cervix, 595, 1224.e \ 6 f  

assessment o f
Bishop score, modified, 279-280, 27 9 t  

sonographic length measurements, 280 
changes during pregnancy, 59 
changes in preterm birth, 624 
colposcopy, 1065
contractions against closed, 628-629 
cytology, 1065 
dilation o f

in active phase o f labor, 273 
assessment, 255-257 
failed induction, 280 
labor progression and, 257, 258?, 271, 

272/
effacement, 255-257 
hypoplastic, 604 
postpartum, 501 
shortening of, 620, 641 
surgery, history of, 620 
ultrasound of, 175 

Cervix isthmus, 1224.^9/
Cesarean birth/delivery, 425-443, 1207 

anesthesia for, 359-365, 359f, 3616 
aspiration and aspiration prophylaxis 

in, 359-361 
epidural, 364 
general, 361-364 
induction, 362 
intubation, 362-363, 36 3 / 
left uterine displacement, 361 
neuraxial (regional), 364-365, 3646 
premedication in, 359 
and progress o f labor, 357 
spinal, 364 

blood loss with, 44 
complications of, 436-439 

intraoperative, 436-437, 437f  

maternal postoperative morbidity, 
438-439, 43 8 / 

o f conjoined twins, 723 
counseling in, 303-304 
definition of, 425 
diabetes mellitus and, 888 
in eclampsia, 695 
in Eisenmenger syndrome, 819 
face presentation, 372-373 
forced, 1193-1194
HELLP syndrome management in, 677, 

6776, 67 8 / 
history of, 425-426
human immunodeficiency virus (H IV ), 

1109
for idiopathic intracranial hypertension, 

1049
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Cesarean birth/delivery (C o n t in u e d )  

incidence of, 426-427 
indications for, 427-429, 42 7 / 
for intrauterine growth restriction,

764-765
o f large for gestational age (LGA) infants, 

83
malpresentation

for abnormal lie, 370 
cesarean delivery, 383 
for compound presentations, 375-376 
deflection attitudes, 371, 371/ 
shoulder dystocia, 388 
technique of, uterine incision and fetus 

delivery, 370 
maternal complications w ith trial o f labor 

after cesarean birth, 2 1 1 1 

maternal glycemia level and, 880/ 
on maternal request, 427-429 
in multiple sclerosis, 1046 
pain after, causes of, 344-345 
perimortem, implications of, 574 
in placenta accreta, 457-459, 4 5 8 /4 5 9 / 
in  placenta previa, 403 
in preeclampsia, 686 
with premature rupture o f the 

membranes, 650 
in preterm infant, 639 
prior

multiple, as uterine rupture risk factor, 
416

as placenta previa risk factor, 401-402 
as uterine rupture risk factor, 4161 

rates of, 289-290
risk and maternal weight gain, 125/ 
technique of, 429-436

abdominal closure, 435-436 
abdominal entry, 431-432, 43 1 / 
abdominal skin incision, 431-432, 

43 1 / 
bladder flap, 432 
delivery, o f fetus, 434 
evidence-based recommendations for, 

430*
placental extraction, 434 
postpartum hemorrhage and, 

prevention of, 434 
precesarean antibiotics, 429-430 
precesarean thromboprophylaxis, 430 
prophylactic precesarean interventions,

430-431 
site preparation, 431 
uterine incision, 432-434, 43 3 / 
uterine repair, 434-435, 4 3 4 /4 3 5 / 

uterine incision
low transverse (Kerr), 370 
vertical, 370 

vaginal birth after, 444-455 
birthweight, 447 
cervical examinations in, 447 
incision types for, 447 
labor status in, 447 
multiple prior, 447 
planned repeat, risks associated with, 

452
prior indication for, 447 
prior vaginal delivery, 447 
trends, 444-445, 44 5 /

Cesarean birth/delivery (C o n t in u e d )  

trial o f labor after 
candidates for, 445 
cost-effectiveness of, 454 
counseling for, 452-454 
induction o f labor in, 449-450 
interpregnancy interval in, 449 
labor augmentation, 450 
management of, 452, 453/ 
maternal complications in, 45 I f  
maternal demographics, 446-447 
number o f prior cesarean deliveries 

in, 449
prior vaginal delivery in, 449 
rates for, 445-446, 44 6 / 446? 
risks associated with, 447-454 
success rates for, 447, 447? 
uterine closure technique in, 449 
uterine rupture in, 447-448, 

448?-450?
c-fos, 627
Chemical pneumonitis, 829 
Chemicals, pregnancy loss from, 588 
Chemokines, 70

helper T-cells and, 73 
maternal tolerance o f fetus through 

regulation of, 77 
Chemotherapeutic agents, pregnancy loss 

from, 587 
Chemotherapy 

agents, 1058-1059 
alkylating agents, 1059 
antimetabolites, 1058-1059 
antitumor antibiotics, 1059 
platinum agents, 1059 
targeted therapies, 1059 
vinca alkaloids, 1059 

for breast cancer, 1061 
for cervical cancer, 1067 
for colon cancer, 1024 
for colorectal cancer, 1069 
fetal effects of, 145 
for Hodgkin lymphoma, 1062 
for ovarian cancer, 1068 
pharmacology, 1058 
during pregnancy, 1058-1059 

Cherney incision, for cesarean delivery, 432 
Chest

bell-shaped, 1 8 8 .f l/  
circumference of, changes in, 46 
ultrasound screening for anomalies in, 

186-187 
Child marriage, 1197 
Chlamydia, 1089-1092 

diagnosis of, 1091 
epidemiology of, 1089-1090 
incidence of, 1089-1090 
pathogenesis of, 1090-1091, 1090? 
treatment of, 1091-1092 

C h la m y d ia  p n e u m o n ia e  

disease spectrum, 1090? 
pneumonia and, 830 

C h la m y d ia  p s i t t a c i, 1090?
C h la m y d ia  t ra c h o m a t is  

abortion and, 586 
acute urethritis, 1133 
premature rupture o f the membranes and, 

648

C h la m y d ia  tra c h o m a t is  (C o n t in u e d )

recommended treatment regimens for,
1092b

screening for, 10911

T h l and, 73 
Chlorambucil, 1059 
Chlordiazepoxide

for alcohol withdrawal, 1167 
fetal effects of, 142 

Chlorhexidine, for site preparation, o f 
cesarean delivery, 431 

Chloride sweat test, for cystic fibrosis, 207 
Chloroprocaine

for paracervical block, 358 
for pudendal nerve block, 358-359 

Chloroquine, fetal effects of, 145 
Chlorothiazide, in breast milk, 153 
Chlorpheniramine

for atopic dermatitis, 1078-1079 
fetal effects of, 146-147

Cholangiopancreatography, therapeutic 
endoscopic retrograde, 1001 

Cholecystitis, 1003 
Choledochal cysts, 1003-1004 
Choledocholithiasis, 1001, 1003 
Cholelithiasis, 1003

in sickle cell disease, 957 
Cholestasis, 53-54

intrahepatic, o f pregnancy, 1008, 1008? 
neonatal, 1000 

Cholesterol
increase in pregnancy, 56-57, 57 / 
normal values in pregnancy, 1216? 
placental synthesis of, 20 

Choline, supplementation guidelines for, 
131-132 

Chorioadenoma destruens, 1072 
Chorioamnionitis, 1135-1137 

acute, 77-78
after premature rupture o f the 

membranes, 649-652, 656 
bacterial infection, risk of, 487 
chronic, 77-78 
diagnosis, 1135, 1136? 
epidemiology of, 1135 
management of, 1135-1137, 1137/ 
prolonged second stage o f labor and,

263
as retained products o f conception risk 

factor, 415 
treatment for, 430, 1136? 

Choriocarcinoma, 1014, 1072-1073, 1072? 
Chorion, 648 
Chorion laeve, 3 
Chorionic plate, placental, 3, 3 /
Chorionic somatotropin, 21 
Chorionic villi, 313-314 

surface area of, 314 
Chorionic villus sampling (CVS), 211-212, 

211/
for chromosomal abnormalities, 581 
prior to multifetal pregnancy reduction,

712
safety of, 211-212
transabdominal (TA-CVS), 211, 211/  
transcervical (TC-CVS), 211, 211/ 
in twin pregnancies, 212 
in women with bloodborne viruses, 212
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Chorionicity
determination in first trimester, 708, 

708*, 709/ 
determination in second trimester, 708, 

70 9 /7 1 0 / 
in intrauterine fetal demise o f one twin, 

713-714 
in multiple gestations, 707, 707/ 

Choroid plexus, ultrasound screening for 
anomalies in, 186, 186.f3f  

Chromatin, 85
Chromosomal microarray analysis (CMA), 

1190
Chromosome abnormalities, 195-206 

aneuploidy in, screening for, 198-202 
cell-free D N A  analysis for, 200-201 
confounding factors in, 200 
first- and second-trimester, 200 
first-trimester, 198-200 
in multiple gestation, 201-202 
second-trimester, 200 
ultrasound, 202 

autosomal deletions and duplications in, 
197

autosomal trisomy in, 195*, 196-197 
trisomy 13, 197 
trisomy 18, 197 
trisomy 21 (Down syndrome), 

196-197, 196/ 
incidence of, 195-196 
maternal age and, 196* 
numerical, 214

autosomal trisomy, 581-582, 581* 
frequent cause of, 580-583 
monosomy X, 582-583, 582/ 
polyploidy, 582
recurrent aneuploidy, 583, 583* 
recurrent losses and, 583 
sex chromosome polysomy, 582 
types of, 581-583 

preimplantation genetic diagnosis and,
213

prenatal diagnostic testing for, 202-206 
assisted reproduction through

intracytoplasmic sperm injection 
in, 203 

cytogenetic testing, 202-205 
parental chromosome rearrangements 

in, 202
previous child w ith abnormality in, 

202 
sex, 197-198

Klinefelter syndrome in, 198 
monosomy X  in, 197-198 
polysomy X  in girls in, 198 
polysomy Y in boys in, 198 

structural, 214 
Chromosome microarrays

copy number variants in, 203 
for cytogenetic testing, 203-205, 204* 

Chronic autoimmune thyroiditis, 916 
Chronic disease, screening for, in

preconception health counseling,
110

Chronic hepatitis B, 1005 
Chronic hepatitis C, 1005 
Chronic myelocytic leukemia (CML),

1064

Chronic renal disease, in pregnancy,
855-859 

effect of, 856-857 
management of, 857 

Chronic thyroiditis, w ithout goiter, 928 
CHSP60, 1090-1091 
Chvostek sign, 914
Cigarette smoking, pregnancy loss from, 588 
Cimetidine

in breast milk, 155 
fetal effects of, 146 

Ciprofloxacin, fetal effects of, 148 
Circle o f W illis, ultrasound of, 777/ 
Circulation

fetal, 473-474, 47 3 / 73 9 /
cardiovascular responses to placental 

insufficiency, 743 
development of, 738 
preferential streaming in, 738 
pressure in, 474*
pulmonary hemodynamics during,

474/ 
schematic, 74 4 / 

placental
failure to establish maternal circulation 

and, 7
spiral artery conversion and, 6, 7/ 8/  
vasculature in, 11-12 

umbilicoplacental, vasomotor control of,
19-20 

Circumcision, 493 
Cisplatin, for cervical cancer, 1059 
Cisterna magna, ultrasound screening for 

anomalies in, 186 
Citalopram

in breast milk, 1155* 
fetal effects of, 143 

C17HCO3- exchanger, 16 
Clarithromycin, fetal effects of, 148 
Clavulanate, fetal effects of, 147 
Cleft lip

from corticosteroids, 145 
ultrasound screening for, 186,

1 8 6 .fl/1 8 6 .f2 /
Cleft palate

from corticosteroids, 145 
ultrasound screening for, 186, 186.f2f  

Clindamycin
for acne vulgaris, 1079
in breast milk, 154
for chorioamnionitis, 1136
for endomyometritis, 438
group B streptococcal infection and,

1132/ 
for pelvic abscess, 1140 
as prophylactic preoperative antibiotics, 

429-430 
for septic shock, 1142 

Clinical hypothyroidism, 928 
Clinical Institute Withdrawal Assessment o f 

Alcohol Scale, Revised, 1167 
Clinical trials, on birth defects, 139 
Clinically nonfunctioning adenomas, 940 
Clitoris

crus and body of, 1224.f5/ 
dorsal artery of, 1224.f8f  

dorsal nerve of, 1224.f7/1224.f8 / 
Clomiphene, fetal effects of, 148

Clonidine
in breast m ilk, 154 
for hypertension, 857 

C lo s t r id iu m  d if f ic i le , 528 
C lot lysis, 967 
Clotrimazole

in breast m ilk, 154 
fetal effects of, 148 

Clubfoot, 189, 189.f3f  

CM A. S ee  Chromosomal microarray analysis 
(CMA)

CNVs. See  Copy number variants (CNVs) 
Coagulation

maternal, pregnancy-related increase in, 
procoagulant blood factors, 395 

normal values in pregnancy, 1217* 
postpartum, 502-503 
in preeclampsia, 671 

Coagulation cascade, 966-967, 967/ 
Coagulation system, maternal, 45-46, 46* 
Coagulopathy, 418-419

clinical manifestations of, 418 
consumptive, 418

and abruptio placenta, 398 
management of, 400 

definition of, 418 
diagnosis of, 418 
incidence of, 418 
management of, 418-419

consumptive, pathophysiology of, 41 9 / 
fibrinogen concentrate, 419 
hemostatic agents, 419 
prothrombin complex concentrate,

419
recombinant activated factor V II, 419 
tranexamic acid, 419 
vitamin K, 419 

pathogenesis of, 418 
risk factors of, 418 

Coarctation o f the aorta, maternal, 819 
Cobalamin, megaloblastic anemia and, 955 
Cocaine

as abruptio placenta risk factor, 397 
fetal effects of, 151
in preconception health counseling, 109 
prenatal exposure to

cardiac function and, 91 
cerebral effects of, 92 

substance use/abuse, 1168 
Coccygeal nerves, 1224.f7 f  

Coccygeus, 1224.f2/1224.f3 / 1 2 2 4 .f l l/  
Coccyx, 1224.f2/1224.f3 /
Cochrane Collaboration, 632-633 
Codeine

in breast milk, 153 
fetal effects of, 149 

Cognitive development, breastfeeding in,
527

Cognitive effects, w ith operative vaginal 
delivery, 301-302 

Cognitive therapy, 1161 
Cohort studies, o f birth defects, 139 
Coincidental maternal deaths, 1198 
Cold preparations, in breast milk, 153 
Cold symptoms, chronic, 46 
Collagen vascular disease

and fetal oxygenation effects on,
312-313
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Collagen vascular disease (Continued) 
in pregnancy, 981-997

antiphospholipid syndrome in,
987-991, 9876 

rheumatoid arthritis in, 991-993 
Sjogren syndrome in, 994 
systemic lupus erythematosus, 981-987 
systemic sclerosis, 993-994 

Colloidal oncotic pressure (COP), 41-42 
Colon cancer, 1069
Colonoscopy, of gastrointestinal disorders, 

1017
Color and pulse-wave Doppler, 164-165, 

165/
Colostrum, composition of, 521 
Colpocephaly, ultrasound screening for,

18 6.e4/
Colposcopy, for cervical cancer, 1065 
Columbia Presbyterian Medical Center, 773 
Coma, eclamptic convulsions and, 693 
Combined hormonal contraception (CHC), 

of pregnancy prevention, 510-511 
Comfort gel, 505
Communication, genetic counseling and,

194-195
Comparative genomic hybridization (CGH) 

for cytogenetic testing, 203, 203/ 
disadvantage of, 204 
for preimplantation genetic diagnosis,

214
Complement system, 66/ 69

antibody activation of classical, 71 
maternal tolerance of fetus through 

regulation of, 77 
Compound presentation, 249-250, 374-376, 

375/
cesarean birth in, 375-376 
cord prolapse in, 370 
perinatal mortality, 374-375 

Computed tomographic pulmonary 
angiography 

spiral, for pulmonary embolism, 971 
versus ventilation-perfusion scanning, 971 

Computed tomography (CT)
of broad ligament hematoma, 438/ 
in eclampsia, 691, 6916 
in hepatic hematoma and rupture, 679 
in hepatic infarction, 679/ 
in pelvic abscess, 1141/ 
pelvimetry, 251-253, 254f  

in breech presentation, 382 
in brow presentation, 374 

in septic pelvic thrombophlebitis, 1141/ 
Computer analysis, of fetal heart rate, 334 
Condoms, 512 
Cone biopsy 

cervical, 1066
as risk factor, for cervical insufficiency, 

597
Confined placental mosaicism (CPM), 205, 

584
Congenital abnormalities 

of breast, 534 
preterm birth and, 620 
of uterus, 620 

Congenital bilateral absence of the vas
deferens (CBAVD), cystic fibrosis and, 
207-208

Congenital heart block, management of, 
985-986, 986f 

Congenital pulmonary adenomatoid 
malformation (CPAM), 186-187,
187.fl/

Congenital rubella syndrome, 1117 
Congenital varicella syndrome (CVS),

1121
Congestive heart failure, respiratory distress, 

neonatal, 487 
Congressman Henry Hyde (R-IL), 1187 
Conjoined twins, 722-723, 723/
Connective tissue, changes induced by 

pregnancy, 10766, 1077-1078 
Conserved noncoding sequence 1 (CNS1),

75
Consortium of Safe Labor (CSL), 272 
Constipation

differential diagnosis of, 1016 
from iron supplements, 131 
maternal, 53 
in pregnancy, 132 

Constructive interference, 162-163 
Continuous glucose monitoring (CGM),

881
Continuous subcutaneous insulin infusion 

(CSII), 881-882 
open-loop, pump therapy, 883 

Contraception, 545
diabetes mellitus and, 894-895 
dual, 1203
of pregnancy prevention

combined hormonal, 510-511, 5106 
emergency, 511 
injectable, 510
long-acting reversible, 509-510, 5091 
oral, progestin-only, 511 

of sexual and reproductive health, 
1202-1203 

for women with epilepsy, 1041 
Contraceptive agents, pregnancy loss from, 

588
Contraceptive methods, 1202-1203,

1203?
Contraceptive prevalence, 1202 
Contractility, 312
Contraction stress test (CST), 228-230,

755
definition, 228 
false-positive, 230 
interpretation of, 229f 
negative, 229-230, 229/ 
positive, 229-230, 230/ 
predictive value of, 229-230 

Contractions, cessation of, with uterine 
rupture, 416 

Contrast agents 
in breast milk, 543 
in maternal trauma, 572-573 

Controlled Antenatal Thyroid Screening 
trial, 930 

Convulsions, 1031 
in eclampsia, 689

prevention of maternal injury, 693-694 
prevention of recurrent, 694 
treatment of, 693-694 

in hypocalcemia, 914 
in local anesthetic toxicity, 353

Cooley anemia, 959-960 
Copper, of intrauterine device (IUD), 509 
Copy number variants (CNVs), 197, 203, 

1190
Cord blood transplantation, 74 
Cord occlusion, for selective termination in 

monochorionic twins, 713 
Cord prolapse, 370

in breech presentation, 384 
in compound presentation, 370 

Cordocentesis, 212, 777. See also Fetal blood 
sampling (FBS) 

technique for, 212 
Corneal thickening, 59 
Coronary angioplasty and stenting, for 

myocardial infarction, 820-821 
Coronary heart disease 

birthweight and, 91 
diabetic, 878 

Corpus luteum cyst, 556, 557/ 
Corticosteroid-binding globulin (CBG), 

maternal, 55 
Corticosteroids. See also Glucocorticoids 

antenatal, for preterm labor, 630-631 
duration of benefit, 631 
fetal effects, 631 
maternal effects, 631 
risks of, 631 

for asthma
inhaled, 840, 840? 
oral, 841 

in breast milk, 154 
fetal effects of, 145, 631 
for fetal growth, 28-29 
for HELLP syndrome, 674-675 
for herpes (pemphigoid) gestationis,

1083
for hyperthermia, 358
for intrauterine growth restriction, 754
maternal effects of, 631
for multiple sclerosis, 1042-1043
for placenta previa, 403
placental size and, 14
for preeclampsia, 684
for premature rupture of the membranes,

652, 654-655 
in pulmonary development, 471-472 

Corticotropin-like intermediate lobe peptide 
(CLIP), fetal, 35 

Corticotropin-releasing factor (CRF)
AVP effects of, 32 
fetal, 35

Corticotropin-releasing hormone (CRH), 
55-56

fetal endocrine manifestations of placental 
insufficiency, 742 

placental production of, 247 
Cortisol

in amniotic fluid, 92-93 
changes in pregnancy, 938 
epidural analgesia, effect of, 347/ 
fetal endocrine manifestations of placental 

insufficiency, 742 
in LBW babies, 93 
maternal, 55-56 

Cotransporters, 15-16 
Coumarin, for venous thromboembolism, 

975
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Counseling
genetic, 194-195, 1189-1193 

communication in, 194-195 
nondirective, 195 
psychological defenses in, 195 
for recurrent aneuploidy, 583 

for HIV-infected women, ongoing 
counseling, 1112-1113 

for nutrition, 123, 124? 
on operative vaginal delivery, 303-304 
preconception health, 105-110 

body mass index in, 106-107 
genetic and family history in, 108 
hazards in, 108-110 
immunization in, 107-108 
infections in, 107-108 
managing medication exposure in, 110 
maternal age in, 105-106 
optimizing care in, 110 
screening for chronic disease in, 110 
substance abuse in, 108-110 

pregnancy following cancer therapy, 
10606

regarding medical conditions, 116-117 
regarding obstetric complications, 

116-117 
Couvelaire uterus, 400 
COX (Cyclooxygenase), 635 
Coxsackie virus, 1125 
CpG dinucleotides, 85 
CpG islands, 85/
C-reactive protein (CRP) 

insulin resistance and, 865 
maternal glycemia level and, 880/
PPAR inhibition of, 90 

Creatinine
clearance, in pregnancy, 49 
in diabetic nephropathy, 876-877 
maternal, 49-50 
in renal function, 856 

Creatinine kinase-MB, 42 
Creatinine phosphokinase, maternal levels 

of, 53-54 
Crede maneuver, 262-263, 379 
Credibility, in FHR management, 329 
Cretinism 

endemic, 55
iodine deficiency-induced, 86 

CRF. See Corticotropin-releasing hormone 
(CRH)

Crigler-Najjar syndrome, 484 
Critical stages, of development, 138 
Crohn disease (CD), 1024 
Cromolyn sodium, fetal effects of, 145 
Crosstalk, 528
Crown heel length, in ponderal index, 739 
Crown-rump length (CRL)

for gestational age determination, 
168-169, 169/ 177, 177/ 

normal values in pregnancy, 1219? 
Cryoprecipitate, 420 
Cryotherapy, for human papillomavirus, 

1125
CST. See Contraction stress test (CST)
CT. See Computed tomography (CT) 
Curettage

prior, placenta previa risk factor,
401-402

Curettage (Continued)
uterine, for retained products of 

conception, 416 
Cushing syndrome, 55, 941-942 
CVP. See Central venous pressure (CVP) 
CVS. See Chorionic villus sampling (CVS) 
CXCR4, as HIV coreceptor, 70, 1101 
Cyanosis

in congenital heart disease, 814, 814?, 
816

respiratory distress, neonatal, 487 
Cyclooxygenase (COX), 635 
Cyclooxygenase (COX) inhibitors 

fetal or neonatal effects of, 635-636 
maternal effects of, 635 
side effects of, 635 
for tocolysis, 635-636

protocol for indomethacin tocolysis, 
636

Cyclophosphamide, 1059 
in breast milk, 152 
fetal effects of, 145 
for multiple sclerosis, 1045 
for non-Hodgkin lymphoma, 1063 
for systemic lupus erythematosus, 987 

Cyclosporine, 858 
in breast milk, 152 
fetal effects of, 145 

Cyclosporine A, for systemic lupus 
erythematosus, 987 

Cystadenocarcinoma, 559/
Cystadenomas, 556-558, 558/
Cystic fibrosis, 844-847 

carrier screening for, 207-208, 208? 
pregnancy and

counseling patients with, 846 
effect of, 845-846 
management of, 846-847 

Cystic hygroma, ultrasound screening for,
186, 186.fl/

Cystitis
abdominal pain and, 1015 
acute, 1133-1134, 1134? 
in pregnancy, 852 

Cystometry, postpartum, 503 
Cysts

adnexal masses, 556-560, 557/560/ 
arachnoid, 186, 186.f4/ 
choledochal, 1003-1004 
in choroid plexus, 186 
hepatic, 1005 
porencephalic, 186.f4/

Cytokines, 69-70
antiinflammatory, 75-77 
and chemokines, 70 
helper T-cells and, 73 
maternal stress, effects on, 94 
maternal tolerance of fetus through 

regulation of, 77 
primary actions of, 70? 
proinflammatory, 69-70 

Cytology, cervical, 1065, 1066/ 
Cytomegalovirus (CMV) infection,

1118-1119 
abortion and, 586 
clinical manifestations of, 1118 
congenital infection of, 1118-1119 
diagnosis of, 1118

Cytomegalovirus (CMV) infection 
0Continued) 

epidemiology of, 1118 
management during pregnancy, 1118 
in preconception health counseling,

107-108 
screening for, 112 
virology of, 1118 

Cytotoxic drugs, in breast milk, 152 
Cytotoxic T cells, 72 
Cytotrophoblast, 738

in placental development, 4-5, 4/ 
Cytotrophoblast cells 

columns, 4-5 
proliferation of, 10-11 
syncytiotrophoblast generation from, 10 
villous membrane integrity and, 11 

Cytotrophoblastic shell, 4-5, 7, 7/

D
Danazol, fetal effects of, 139, 140/ 
Dandy-Walker malformation, ultrasound 

screening for, 186, \86.e2f 
Data sources, 1180 
Daunorubicin, 1059 
de Lange syndrome, 740 
De novo structural abnormalities, 

implications of, 205-206 
Death-to-disability ratio, 1198 
Deaths, 1197 

babies, 1198-1199 
life and, place between, 1197 
maternal, 1199-1201

adolescent girls and lifetime risk of, 
1197-1198 

“causes of the causes,” 1200 
clinical causes of, 1199 
coincidental, 1198 
direct, 1198
health system factors, 1199 
late, 1198
vulnerability and underlying social 

determinants, 1200 
women’s rights, 1200-1201 

neonatal, 1198-1199 
Decay accelerating factor, 77 
Decelerations, in fetal heart rate monitoring, 

323
early, 323, 323/ 
late, 323-324, 324/325/ 
with late component, 328-329 
prolonged, 326, 327/ 
significant, 333 
variability in, 329 
variable, 324-326, 326/ 

atypical, 328-329 
mild, moderate, and severe, 329 
overshoot, 329 
V- and W- shaped, 329 

Decidua, placenta accreta and, 456-457, 45/f  
Decidual membrane activation, 625 
Decision-to-delivery time, determination of, 

332
Decongestants, fetal effects of, 146-147 
Deep dorsal vein, 1224.e&f 
Deep perineal space 

muscles of, 1224.f4/ 
vessels and nerves of, 1224.f8f
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Deep transverse perinei, 1224.f4/
Deep venous thrombosis (D V T ). See a lso  

Thrombosis 
clinical signs and symptoms of, 969 
as complication, for cesarean delivery, 439 
D-dimer assays for, 970 
definition of, 965 
imaging of, 969-970 
risk-scoring system of, 969 
symptoms of, 966 
treatment of, 975-977 
workup on, for suspected patients, 970, 

97 1 /
Deepest vertical pocket, 237 
Defensins, 68
Definite antiphospholipid syndrome, 

diagnosis of, 988 
Dehydroepiandrosterone sulfate (DHEAS),

20, 56, 246, 248/
Delayed cord clamping, 639 
DeLee forceps, 291 
DeLee suction, 262 
Deletions, autosomal, 197 
Delirium tremens, 1167 
Delivery

abnormal, management of, 276 
breastfeeding and, 535-537 
in cervical cancer, 1067 
versus expectant management, 333, 33 4 / 
fear o f labor and, 1160 
fetal variables, 249 
glucoregulation during, 888-889 
heart disease and

in mitral regurgitation, 811 
in mitral stenosis, 810 

maternal hemodynamics during, 804 
midtrimester induction, 285, 286* 
in  multiple gestations

intrapartum management o f twin 
vaginal delivery, 732-733, 7336 

mode of, 730-732, 731/
nonvertex presenting twin, 731 
triplets, 732
vertex-nonvertex twins, 731-732 
vertex-vertex twins, 731 

time interval between deliveries, 733 
tim ing of, 728-730, 73 0 / 

in  multiple sclerosis, 1045-1046 
pain pathways in, 344-345, 34 5 / 
o f placenta and fetal membranes, 

262-263 
in placenta previa, 403 
and placental abruption at or near term, 

400 
precipitous

birth injuries with, 478 
as genital tract laceration risk factors, 

412
in preeclampsia, mode of, 687 
prophylactic antibiotics for, 8086 
rapid

clear obstacles to, 332 
as uterine inversion risk factor, 417 

standard cardiac care for, 807-808, 8086 
stillbirth, 286* 
tim ing o f

complicating conditions, 643#-644f 
in diabetes mellitus, 887-888, 8886

Delivery (C o n t in u e d )  

ultrasound in, 265-266 
in water, 347-348 
o f women with epilepsy, 1040 

Delivery room
breastfeeding in, 535 
management, 475-478, 475*-476f, 

47 6 /4 7 7 / 
thermal regulation, 480 

Demographic, o f preterm birth, 619,
6196

Demographic risks, in prenatal care, 111 
Dendritic cells, maternal tolerance o f fetus 

through presentation of, 77 
Denman’s law, 289
Deoxycorticosterone (DOC), maternal, 56 
Depot medroxyprogesterone acetate

(DMPA), 510
Depression

Edinburgh Postpartum Depression Scale, 
5066, 1149, 1150/ 

postpartum, 504-505, 507, 510, 513 
“maternity blues,” 512 

Depth, ultrasound, 163 
Dermal melanocytosis, 1076*
Dermatitis

atopic, 1078-1079 
autoimmune progesterone, 1079 

Dermatomes, 355/
Dermoids, -556-558, 558/ 

ovarian, ultrasound of, 176/
Descent, in labor, 253, 256/
Descriptive studies

o f birth defects, 138-139 
surveillance programs in, 138-139 

Desmopressin, 961 
Developing economies, 1197 
Development

o f cardiovascular system, 29-30, 3 0 / 
classic teratogenic period in, 137, 137/ 
critical stages of, 138 
embryonic period of, 138 
fetal, 26-37
fetal growth, regulation of, 738 
in growth-restricted infants, 766 
placental, 3-5, 4 /

Developmental origins, o f adult health and 
disease, 83-99

programming in 
brain, 92 
cardiac, 91-92 
endocrine, 95 
energy-balance, 86-92 
by environmental agents, 87-89 
epigenetics and, 84-86 
gestational, 84-85, 8 4 / 
hepatic, 89-90 
obesity, 88-89 
osteoporosis, 92 
pancreatic, 90-91 
renal, 96-97 
sexuality, 95-96 

Dexamethasone
antenatal for reducing risk o f death, 

630-631 
fetal effects of, 145 
fetal exposure to, 93 
for HELLP syndrome, 675, 675*

Dexamethasone (C o n t in u e d )

for premature rupture o f the membranes,
654-655

suppression, 56 
Dextran, iron, 954, 954*
Diabetes

screening for, 113 
transgenerational effect of, 91 
type 2

pancreatic programming and, 90 
prevalence of, 89 

Diabetes insipidus, 51
in posterior pituitary, 941 
in Sheehan syndrome, 940-941 

Diabetes mellitus
amino acid metabolism in, 869-870 
antepartum fetal evaluation in, 884-887, 

885*
classification of, 866-871, 866* 
complicating pregnancy, 862-898 
contraception and, 894-895 
coronary heart disease in, 878 
delivery and

glucoregulation during, 888-889,
8886

tim ing and mode of, 887-888 
diet therapy for, 883, 8846 
energy expenditure and, 871 
and fetal mortality, 223 
fetal oxygenation, effect on, 312-313
gestational, 56, 866*, 867-869, 8 6 8 /86 9 / 

amino acid metabolism in, 870 
controversies concerning, 863 
detection of, 878-881, 8796, 881* 
fetal macrosomia in, 873 
lipid metabolism in, 870-871 
management of, 889-892 
neonatal body composition, 874* 
postpartum follow-up for, 892-894,

892f i  892* 
randomized treatment trials for, 889, 

889*
treatment of, 889-892, 8916 

glucose metabolism in, 863-866, 864/ 
glucose tolerance, normal, 863 
ketoacidosis in, 884, 8856, 886/  
lip id metabolism in, 870-871 
maternal classification in, 875-878 

class A, 875 
class B, 875 
class C, 875 
class D, 875 
class E 876, 876* 
class H , 878 
class R, 877 
class T, 877 

maternal weight gain and, 871 
maturity-onset diabetes o f youth

(M O DY), 866 
nephropathy in, 875-877 
pathophysiology of, 863-866 
perinatal morbidity and mortality in, 871 
placental size and, 13-14 
pregestational, 866* 

type 2, 867 
pregnancy loss from, 585 
prepregnancy counseling for, 894, 8946 
respiratory distress syndrome in, 874

ak
us

he
r-li

b.r
u



1246 Index

Diabetes mellitus (C o n t in u e d )  

retinopathy in, 877-878 
risk assessment in, 875-878 
shoulder dystocia associated with, 387 
treatment of, 881-884 
type 1, 866-867

maternal insulin requirements, 863, 
864/

treatment of, 881-884, 8846 
type 2, 867-869 

frequencies of, 878 
pathophysiology of, 867 
screening of, 878-879 
treatment of, 881-884, 8846 

Diabetic ketoacidosis (DKA), 866-867, 884, 
8856, 886/

Diagnostic imaging 
in pregnancy, 551-552

ionizing radiation, 551-552 
magnetic resonance imaging, 552 
radiocontrast, 552 
ultrasound, 552 

for trauma, in pregnancy, 571-573 
algorithm, 573, 573/ 
contrast agents, 572-573 
ionizing radiation, 572, 572f 
magnetic resonance imaging, 572 
radiologic evaluation of, 573 
ultrasound, 571 

Diagonal conjugate, 253 
Diaphragm, 512

displacement in pregnancy, 39, 46 
hernia, 187, 483, 1 8 7 .f l/

Diarrhea
differential diagnosis of, 1016 
maternal, 53 

Diastolic blood pressure, in pregnancy, 41, 
4 1 /

Diazepam
for alcohol withdrawal, 1167 
in breast milk, 153 
for eclamptic convulsions, 693 
fetal effects of, 142 

D IC . S ee  Disseminated intravascular 
coagulation (DIC)

Dickey-Wicker amendment, 1188 
Dicloxacillin

in breast milk, 154 
for eczema herpeticum, 1078 

Diet, supplements in, history o f use, 123 
Diet therapy, for diabetes mellitus, 883,

8846
Dietary reference intakes (DRIs), 127, 

128M 29f 
Diethylstilbestrol (DES)

epigenetic mechanisms and, 84 
programming effects of, 84 
as risk factor, for cervical insufficiency,

597
Diffuse cutaneous systemic sclerosis, 993 
Diffusion

facilitated, 15-16 
Fick’s law of, 15 
flow limited, 15 
o f hydrophilic molecules, 15 
o f hydrophobic molecules, 15 
in placenta, 9, 15 

Diffusional exchange, role o f placenta in, 9

Digoxin
in breast milk, 154 
for cardiomyopathy, 820 
fetal effects of, 144 

Dilation and curettage, in premature rupture 
o f the membranes, 649-650 

Dilation and evacuation, 1185 
for stillbirth delivery, 285, 286f 

Dilational division, o f labor, 271-272 
Dilutional anemia, o f pregnancy, 551 
Dimenhydrinate, fetal effects of, 145 
Dimethyl fumarate, for multiple sclerosis, 

1044 
Dinoprostone, 283 
Diphenhydramine

for atopic dermatitis, 1078-1079 
fetal effects of, 146 
for sleep problems, 49

2,3-diphosphoglycerate (2,3-DPG), 33 
Direct amplification tests (DATs), 835 
Direct fetal injuries, maternal trauma and, 

569
Direct fluorescence assay, for chlamydia 

detection, 1091 
Direct maternal deaths, 1198 
Direct method, 297 
Direct-to-consumer (DTC), 1192 
Disability, 1196-1201 
Discharge

instructions, for observation, after trauma, 
5756

from nursery care, 493, 4946 
Disease-modifying agents, for multiple 

sclerosis, 1042-1045, 1043?
Dispermy, 582
Disseminated intravascular coagulation 

(DIC) 
in eclampsia, 692
in HELLP syndrome, 672, 675, 678 
in hemolytic uremic syndrome, 855 
as influenza virus complication, 1113 

Diuresis, for pulmonary edema, 812 
Diuretics

for cardiomyopathy, 820 
controversial use of, 857 
for hypertension, 700-701 
in m ilk volume, 542-543 

D N A
chromatin and, 85
fetal, in maternal blood, cell-free, 215 
free D N A  in maternal blood, 776-777 
obtaining embryonic and gamete, for 

preimplantation genetic diagnosis, 
213

D N A  methylation, 85, 8 5 /
Dobutamine, for septic shock, 1142 
Docosahexaenoic acid (DHA), 126 
D o e  v. B o l t o n , 1184 
Dolichocephaly, 185 
Domestic violence, trauma and, in 

pregnancy, 567 
Domperidone, as galactogogue, 541-542 
Dopamine

for hemodynamic management, 825 
for septic shock, 1142 

Dopamine agonists, for prolactinoma, 938 
Doppler evaluation, in ultrasound imaging, 

o f placenta accreta, 459-460

Doppler imaging, vasa previa, 405, 40 5 / 
Doppler measurements, umbilical artery,

800
Doppler shift, 164 
Doppler ultrasound

and antepartum fetal evaluation, 230, 237 
fetal growth restriction and, 756-759, 

7 5 7 /7 5 9 / 
early responses to placental 

insufficiency, 756 
late responses to placental insufficiency,

756
o f middle cerebral artery, 165/ 
middle cerebral artery and, 777, 77 8 / 
placenta accreta, 404 
pulse-wave, 164-165, 165/

Doppler umbilical artery velocimetry, in 
diabetes mellitus, 885-886 

Doppler velocimetry
cerebroplacental Doppler ratio w ith 

advancing gestational age, 75 1 / 
ductus venosus pulsatility index, 751/ 
for fetal growth restriction diagnosis,

748-749, 7 4 9 /7 5 1 / 
maternal, 752-753 
middle cerebral artery flow-velocity 

waveform, 750/ 
middle cerebral artery pulsatility index, 

75 1 /
precordial venous flow-velocity 

waveforms, 75 7 / 
umbilical artery, 749/ 
umbilical artery pulsatility index, 75 1 / 
umbilical vein, 75 8 / 
uterine artery, 626-627 
venous flow-velocity waveform, 75 0 / 

Doppler-derived velocity o f flow across the 
valve, 806-807 

Doula, labor, 259-260, 535 
Down syndrome, 196-197, 196/ 584 

human chorionic gonadotropin (hCG) 
concentration in, 21 

screening for, 198
cell-free D N A  analysis for, 200-201 
confounding factors in, 200 
first- and second-trimester, 200 
first-trimester, 198-200 
in multiple gestation, 201-202 
second-trimester, 200 
ultrasound, 202 

translocations in, 196 
in twins, 201-202
ultrasound for, 184-185, 185/ 1 8 4 .f l/  

Doxorubicin, 1059
antitumor antibiotics and, 1059 
in breast milk, 152 
for Hodgkin lymphoma, 1062-1063 
for non-Hodgkin lymphoma, 1063 

Doxycycline
for chlamydia, 1091-1092 
for syphilis, 10956 

Doxylamine
fetal effects of, 145
for nausea and vomiting o f pregnancy, 54 

Drugs 
o f abuse

alcohol, 150, 150/ 
aspartame, 152
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Drugs (C o n t in u e d )

breastfeeding and, 152 
caffeine, 151-152 
C a n n a b is , 151 
cocaine, 151
narcotics and methadone, 151 
tobacco and nicotine products,

149-150 
in breast milk, 152-155 
FDA categories for use of, in pregnancy, 

136
fetal effect of, 1058 
obstetricians role in evaluating 

reproductive risks with, 157 
placental crossing of, 136 
in pregnancy, 136-159 
teratogenicity o f

all-or-none effect in, 137 
species specificity in, 136 
tim ing o f exposure in, 137 

DTC. S ee  Direct-to-consumer (DTC)
Dual contraception, 1203 
Ductus arteriosus

circulatory transition, 473 
constriction of, from indomethacin 

tocolysis, 635-636 
development of, 29 

Ductus venosus (DV) 
development of, 29 
shunting, 738 

Ductus venosus pulsatility index, 75 1 / 
Duffy antigen system, 782 
Diihrssen incision, as genital tract laceration 

risk factors, 412 
Dumping syndrome, 561 
Duodenal atresia, 483 

polyhydramnios and, 792 
ultrasound screening for, 187, 1 8 7 .e 4 f  

Duplications, autosomal, 197 
Dysautonomia, familial, 207 
Dyshidrosis, 1076?, 1078 
Dyspareunia, postpartum, 505 
Dyspepsia, 53

differential diagnosis of, 1015, 10156 
Dysphagia, differential diagnosis of, 1016 
Dyspnea, in septic pelvic thrombophlebitis, 

1141 
Dystocia

definition of, 260
frequency of, in  cesarean delivery, 427 
shoulder, in diabetes mellitus, 887, 887/

E
Eating disorders, 1161-1163

diagnosis and prevalence of, 1161-1162, 
11626

natural history across childbearing, 
1162-1163 

treatment of, 1163 
Ebola, 1126-1127

clinical manifestations of, 1126 
diagnosis of, 1126 
epidemiology of, 1126 
management during pregnancy, 1127 
virology of, 1126 

Ebstein anomaly, 142
lithium-induced, 1156-1158 

Eccrine function in pregnancy, 1078

ECG. S ee  Electrocardiogram (ECG) 
Echocardiography

for aneuploidy screening, 199-200 
maternal

cardiomegaly and, 39 
in heart disease diagnosis and 

evaluation, 806-807 
Eclampsia, 689-695. S ee a lso  Hypertension; 

Preeclampsia 
before 20 weeks’ gestation, 690 
cerebral pathology of, 690-691, 6916, 

69 1 /6 9 2 / 
definition of, 662-663, 689 
diagnosis of, 689-690, 6901 

differential diagnosis of, 691-692, 6926 
management o f

intrapartum, 694-695 
postpartum, 695 
o f severe hypertension, 694 

maternal and perinatal outcome of, 692 
pathophysiology of, 689 
prevention of, 692-693 
recurrent, 695, 695? 
remote prognosis of, 695 
seizure prevention in, 686 
simulation, 1177 
time o f onset of, 690, 690? 
transport o f patient with, 693 
treatment o f convulsions, 693-694

prevention o f maternal injury, 693-694 
prevention o f recurrent, 694 

Ectopic pregnancy (EP), 1014 
Eczema

atopic, 1078-1079 
herpeticum, 1078 
nipple, 1079
prenatal stress associated with, 93 

Edema
capillary leak syndrome and, 664-665 
definition of, 662 
in eclampsia, 689 
facial, 664-665 
macular, 878
periorbital, in acute glomerulonephritis, 

853
postpartum, 501
tracheal, in face presentation delivery, 373 

Edinburgh Postnatal Depression Scale, 505, 
5066

Edinburgh Postpartum Depression Scale, 
1150/

Education
prenatal, 110, 116 
for preterm birth prevention, 643 
residency training, in operative vaginal 

delivery, 304-305, 304?
EEG. S ee  Electroencephalography (EEG) 
Efavirenz, fetal effects of, 148 
EFW (estimated fetal weight), 181 
Ehlers-Danlos syndrome

as uterine inversion risk factor, 417 
as uterine rupture risk factor, 416 

Eicosapentaenoic acid (EPA), 126 
Eisenmenger syndrome, 818-819 

in congenital heart disease, 814 
mortality of, 818
in patent ductus arteriosus, 816, 818 
in septal defects, 815, 818

Electrocardiogram (ECG)
abdominal fetal, and fetal status 

evaluation, 335 
and fetal heart rate monitoring, 309, 310/ 
in heart disease diagnosis and evaluation, 

806
Electroconvulsive therapy (ECT), 1159 
Electroencephalography (EEG), in 

eclampsia, 691 
Electrolytes

in neonatal nutrition, 481 
normal values in pregnancy, 1216? 

Electromechanical classification, o f active- 
phase disorders o f labor, 274 

Electronic fetal monitoring, 310-311 
Elementary bodies (EBs), in C h la m y d ia ,

1090
Elliot forceps, 292/
Embolization, selective arterial, for uterine 

atony, 409 
Embryo

DNA, for preimplantation genetic 
diagnosis, 213 

HLA-compatible, 214 
Embryonic period, teratogen exposure in,

138
Embryopathy, methimazole, 923 
Emergent cerclage, 605, 606/
Employment

breastfeeding and, 544 
prenatal care and, 114 

Enalapril, fetal effects of, 144 
Encephalitis

adult varicella zoster virus infection, 
1120-1121 

in measles, 1115-1116 
Encephalocele, ultrasound screening for, 185 
Encephalopathy

hypertensive, 701-702 
treatment of, 702 

hypoxic-ischemic, 429, 448 
posterior reversible encephalopathy 

syndrome, 691 
Endemic cretinism, 55 
Endocrine changes, maternal, 54-56 

adrenals, 55-56 
pituitary, 56 
thyroid, 54-55, 54 /

Endocrine disorders, preterm birth and, 628 
Endocrine programming, 95 
Endocrine Society (ES), guidelines, for 

thyroid function tests, 916-917 
Endocrine system

cardiovascular system, in regulation o f 
fetal, 32

fetal endocrine manifestations o f placental 
insufficiency, 742 

Endocrine tests, normal values in pregnancy, 
1218?

Endocrinology
o f lactogenesis, 521-523, 522/ 
placental, 20-22 

estrogens in, 20
human chorionic gonadotropin in,

20-21 
leptin in, 22
placental growth hormone in, 22 
placental lactogen in, 21-22
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Endocrinology (C o n t in u e d )

pregnancy-associated plasma protein A 
in, 22 

progesterone in, 20 
Endocytosis, placental transport and, 16 
Endometrial cancer, 1069 
Endometrial defects, as placenta accreta risk 

factor, 403-404 
Endometrial glands 

in first trimester, 8 
secretions into intervillous space, 8 

Endometrial-myometrial integrity, in 
placenta accreta, 457-458 

Endometriomas, 556-558, 55 8 /55 9 / 
Endometritis

postpartum, 507 
w ith premature rupture o f the 

membranes, 656 
puerperal, 1137-1139 

Endometrium
defects, as placenta accreta risk factor, 

403-404 
role in first trimester, 8-9 

Endomyometritis, as complication, o f 
cesarean delivery, 438, 438/ 

Endoplasmic reticulum stress, 14 
Endorphins, 346, 347/
Endoscopic variceal sclerotherapy,

1001-1002
Endoscopy

o f gastrointestinal disorders, 1017-1018, 
1018*

therapeutic, during pregnancy, 1001-1002 
Endothelin-1, in fetoplacental blood flow, 26 
Endotoxin, 1142 
Endovascular trophoblast, 6 
End-stage renal disease (ESRD), 857 
Energy

fuel utilization changes in pregnancy, 126 
maternal needs for, 125-126, 126/

Energy cost, o f pregnancy, 871 
Energy expenditure

components of, 125-126, 126/ 
in diabetes mellitus, 871 

Energy-balance programming, 86-92 
Engagement, 253, 2 5 6 /25 7 / 

and head flexion, 250-251 
Engorgement

m ilk transfer and, 526, 526/ 
pain and, 538 

Enigmatic fever, 1141 
Enoxaparin, fetal effects of, 143 
Env gene, HIV, 1101 
Environmental agents, in pregnancy,

136-159
Environmental exposures, in preconception 

health counseling, 110 
Environmental Mutagen Information 

Center, 157 
Enzyme immunoassay (EIA), for chlamydia 

detection, 1091 
Enzyme-linked immunosorbent assay 

(ELISA)
for human immunodeficiency virus 

(H IV ), 1101 
influenza, 1113 
for parvovirus, 1115 
for varicella, 1121

Ephedrine, for hypotension, 352-353 
Epidemiology

o f birth defects, 138-139 
o f cytomegalovirus (CM V) infection,

1118
o f hepatitis B virus (HBV), 1122 
o f hepatitis C virus (HCV), 1123-1124 
o f herpesvirus, 1119 
o f influenza, 1113 
o f measles, 1115 
o f parvovirus, 1114-1115 
population at risk, defining, 138 
o f preterm birth, 619, 6196 
prospective studies in, 139 
o f rubella, 1116-1117 
o f varicella, 1120 

Epidermal growth factor (EGF), 10-11, 14, 
28-29

placental expression of, 29 
receptor, 29 

Epidural analgesia and anesthesia, 347, 351/ 
blocks, complications of, 350-356 

allergy to local anesthetics, 354 
back pain, 356 
breastfeeding issues, 356 
effect of, on labor and method o f 

delivery, 356-358 
fever, 357-358
high spinal (total spinal) anesthesia,

354
hypotension, 352-353, 352* 
local anesthetic toxicity, 353-354 
nerve injury, 354-355 
progress o f labor, 357 
spinal headache, 355-356 
and study design, 356-357 

combined spinal-epidural (CSE) 
technique, 350 

continuous, 350
in hypertension-preeclampsia, 685 
labor progression, effects on, 275-276 
lumbar, 350, 35 1 /35 2 / 
postoperative care, 365 
second stage o f labor progression, effect 

on, 261 
segmental, 350, 35 2 / 
stress response, effects on, 347, 347/ 

Epidural blood patch, 355-356 
Epigenetics

diethylstilbestrol (DES) and, 84 
gestational programming and, 84-85, 8 4 / 
mechanism o f

D N A  methylation in, 85, 8 5 / 
histone modification in, 85, 8 5 / 
ncRNAs in, 85-86, 85 / 

thalidomide and, 84 
Epilepsy

and fertility, 1032 
genetic counseling for, 1038-1039 
obstetric and neonatal outcomes of, 

1037-1038 
and pregnancy, 1032-1041 
risk o f passing, 1038-1039 
and seizures, 1031-1032 
women with

contraception for, 1041 
labor and delivery of, 1040 
postpartum safety of, 1041

Epinephrine
epidural analgesia, effect of, 347, 347/ 
fetal, 35
in local anesthetics, 353 
stress response to labor, 346 

Episiotomy, 263-265, 505 
w ith breech presentation, 377 
as genital tract laceration risk factors, 412 
implants in cervical cancer, 1067 
indications for, 265 
median, 263-264, 264f  

mediolateral, 263-264, 265/ 
rates of, 263-264 
for shoulder dystocia, 391 

Epstein-Barr virus (EBV), 1125 
Epulis gravidarum, 52 
Erb-Duchenne paralysis, 479 
Ergotamine

in breast milk, 153 
for migraines, 1049 

Erlotinib, 1059 
Ertapenem

for pelvic abscess, 1140 
for puerperal endometritis, 1138 
for septic shock, 1142 

Erythema infectiosum (El), 1114 
Erythrocyte sedimentation rate, 46 
Erythromycin

for acne vulgaris, 1079
in breast milk, 154
fetal effects of, 148
for mastitis, 539-540
for premature rupture o f the membranes,

655
Erythropoietin (EPO) 

for anemia, 857 
for postpartum anemia, 507 

E s c h e r ic h ia  c o l i , 528
acute pyelonephritis, 1134-1135 
acute urethritis, 1133 
asymptomatic bacteriuria, 852, 1133 
puerperal endometritis, 1137 
septic shock, 1141 

Escitalopram, for depression, 1153 
Esophageal atresia, 170, 483 

polyhydramnios and, 792 
Esophagogastroduodenoscopy (EGD),

1001-1002 
o f gastrointestinal disorders, 1017-1018 

Esterified fatty acids, 18 
Estimated fetal weight (EFW), 181 
Estradiol, for depression, 1154 
Estriol, placental, 246 
Estrogen

absolute contraindications to, 5106 
in breast milk, 154 
in fallopian tube, 501 
fetal effects of, 139 
gastrointestinal motility, effect on, 53 
GE reflux disease, effect on, 53 
for monosomy X, 198 
placental, 20 
preterm labor and, 628 
in regulatory T  cell proliferation, 75 
synthesis from dehydroepiandrosterone 

sulfate (DHEAS), 20 
Estrogen receptor, 628 
Ethambutol, for tuberculosis, 836
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Ethnic groups, Rh gene locus and, 772,
77 2 /

Ethnicity
in aneuploidy screening, 200 
genetic screening and, 206f 

Etomidate, for induction o f general 
anesthesia, 362 

Euchromatic, 85 
Euglycemic ketoacidosis, 884 
Euglycemic-hyperinsulinemic clamp,

864-865
European League Against Rheumatism, 

criteria of, for rheumatoid arthritis,
991f

European Surveillance o f Congenital 
Anomalies (EUROCAT) database,
1033

Euthyroid chronic thyroiditis, 930-931 
Exacerbations, asthma

home management of, 842, 8426 
hospital and emergency department 

management of, 842, 8436 
Exchange transporters, 15-16 
Exercise

in lactation, 537-538 
thermic effect of, 125-126, 126/ 

Exocoelomic cavity (ECC), 5
analogy to antrum o f graafian follicle, 13 
physiology of, 12-13 

Exocytosis, placental transport and, 16 
Exogenous agents, pregnancy loss from, 

587-588 
Expectant management, 275 

versus delivery, 333, 33 4 / 
o f small placental abruptions, 400 

Expiratory reserve volume (ERV), 4 7 / 
Expulsion, o f fetus, 255 
Extension, in  delivery, 255 
External anal sphincter, 1224.^6/
External cephalic version (ECV), 385-387, 

386/
External os, 1224.^9/
External rotation, o f fetus, 255 
Extrapulmonary tuberculosis, 835 
Extravillous trophoblast invasion, 6-8, 7 / 8 /  
Extremely low birth weight (ELBW), 616, 

738-739
Extremities, ultrasound screening for 

anomalies in, 188-189 
Extubation, 364
Eyes

intraocular pressure in, maternal, 59 
maternal, 59

F
Face presentation, 371-373 

characterized by, 371 
diagnosis of, 371-372, 37 2 / 
mechanism o f labor of, 372-373, 373/ 
mentum anterior, 372-373, 37 2 / 
mentum posterior, 371, 372/ 
mentum transverse, 372-373, 37 2 / 
palpation o f maternal abdomen in,

371-372, 372/
Facial palsy, 479 
Facilitated diffusion, 15-16 
Facilities, for obese pregnant women, 906 
Factor V  Leiden, 966

Facultative thermogenesis, 125-126 
F a e c a l ib a c te r iu m , 60 
Failure to thrive, 541 
Fallopian tube, 1224.f8/ 1224.*40/

1224.e l2 /  
anatomy of, 1224.^9/ 
postpartum, 501 

Falls, trauma and, in  pregnancy, 567 
Famciclovir, fetal effects of, 148 
Familial dysautonomia, 207 
Family history, in preconception health 

counseling, 108 
Family planning, 1202 
Famotidine, in breast milk, 155 
Fas ligand (FasL), 75 
Fascia, 1224.^3/
Fascia lunata, 1224.f5/
FASTER trial, 199, 199*
Fasting hepatic glucose production,

863-864, 865/ 867 
Fat, in infant feeding, 481 
Fatty acids

fetal growth and, 738 
metabolic responses to placental 

insufficiency, 741-742 
as placental energy source, 18 
placental transfer of, 18-19 

FBS. S ee  Fetal blood sampling (FBS)
Fecal incontinence, w ith operative vaginal 

delivery, 299-300 
Feedback, quality improvement of, 1180 
Female fetal gender, as placenta accreta risk 

factor, 403-404 
Female genital tract, 1224.^15/
Femoral cutaneous nerve, posterior, 1224.e l f  

Femur length (FL)
for fetal growth assessment, 746 
normal values in pregnancy, 1220* 
for ultrasound gestational age 

determination, 177, 180/
Fentanyl

epidural use, 356 
for labor, 349 

Ferning, 791
in premature rupture o f the membranes,

650 
Ferritin, 130

in iron deficiency anemia, 953 
Ferrous sulfate, for iron deficiency anemia, 

953 
Fertility

awareness, 512 
epilepsy and, 1032 
multiple sclerosis and, 1042 
preservation, 1070 

Fetal activity
maternal assessment of, 227-228, 228/

885
maternal monitoring of, 755 

Fetal alcohol syndrome (FAS), 108-109,
150, 150/ 1166 

diagnosis of, 150 
history taking for, 150 

Fetal benzodiazepine syndrome, 142 
Fetal biometry, 745-747

abdominal circumference, 746 
biparietal diameter, 745 
femur length, 746

Fetal biometry (C o n t in u e d )

growth chart in asymmetric IUGR, 746/ 
growth chart in symmetric IUGR, 746/ 
head and abdominal circumference (HC / 

AC ratio), 746 
head circumference, 745 
sonographically estimated fetal weight,

745
transcerebellar diameter, 745 

Fetal blood sampling (FBS), 212-213, 777. 
See a lso  Cordocentesis 

cordocentesis and, 212 
safety of, 213 
technique for, 212-213 
ultrasound-directed, 777 

Fetal blood typing, 776-777 
Fetal breathing movements (FBMs), 234 
Fetal breathing patterns, 36 
Fetal cells, intact, 215 
Fetal death

in diabetes mellitus, 871-872 
tonic-clonic seizures and, 1031 
unexplained preterm, 77-78 

Fetal distress, 282, 309 
Fetal D N A  in maternal blood, cell-free,

215
Fetal evaluation

antepartum, 219-243
biophysical techniques, 227-237 

comparison of, 227f 
contraction stress test (CST),

228-230 
fetal biophysical profile, 234-237 
maternal assessment o f fetal activity, 

227-228, 228/ 
nonstress test (NST), 230-234 

clinical application o f tests, 237-240, 
238/

evidence for condition-specific 
testing, 239-240 

initial testing strategy, 239* 
condition-specific testing, evidence for,

239-240
contraction stress test (CST), 228-230 

definition, 228 
false-positive, 230 
interpretation of, 229* 
negative, 229-230, 229/ 
positive, 229-230, 230/ 
predictive value of, 229-230 

Doppler ultrasound, 237 
fetal biophysical profile, 234-237

correlation w ith fetal acid-base
status, 235 

correlation w ith perinatal morbidity/ 
mortality, 235, 236/ 

fetal breathing movements (FBMs), 
234 

modified, 237 
predictive value of, 236-237 

fetal death 
causes of, 221
characteristics of, 220-221, 221/ 
common risk factors for, 2231 

continuum o f certainty in 
pathophysiology, 222f  

identifying those at risk, 222, 223/ 
by maternal race and ethnicity, 220/
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Fetal evaluation (C o n t in u e d )  

timing of, 221-222 
trends in, 220/ 

fetal pulmonary maturation 
assessment of, 240-241 
determination of, in clinical practice, 

241
measurement o f surfactant function 

in, 241
quantitation o f pulmonary surfactant

in, 240-241 
tests of, 240 

fetal testing
fetal state, information on, 226-227 
utility  of, 225-226, 226/ 

future directions for, 241 
maternal characteristics, 222-223 

amniotic fluid abnormalities, 225 
and assisted reproductive technology, 

224-225 
diabetes mellitus, 223 
early pregnancy markers, 225 
fertility history, 224-225 
fetal malformation, 225 
hypertensive disorders, 223-224 
intrahepatic cholestasis, 224 
intrauterine growth restriction, 225 
maternal age, 222, 224/ 
maternal race, 222 
multiple gestations, 225 
obesity, 223 
parity, 225
postterm pregnancy, 225 
prenatal care, 222-223 
renal disease, 224 
socioeconomic factors, 222-223 
substance abuse, 222-223 
systemic lupus erythematosus, 224 
thrombophilia, 224 

nonstress test (NST), 230-234, 232f  

arrhythmias, 233-234 
bradycardia, 232-233, 233/ 
deceleration, 234
nonreactive pattern, 231-232, 231/ 
predictive value of, 234 
reactive pattern, 230-231, 231/ 
sinusoidal pattern, 232 
tachycardia, 233 

perinatal mortality, definitions,
219-222 

fetal heart rate monitoring
auscultation as alternative, 336 

randomized controlled trials of, 
336-338, 336? 

benefits of, 339 
decelerations, 323 

early, 323, 323/ 
late, 323-324, 3 2 4 /32 5 / 
w ith late component, 328-329 
prolonged, 326, 327/ 
significant, 333 
variability in, 329 
variable, 324-326, 326/ 

fetal status, evaluation of, other 
methods for, 333-336 

abdominal fetal electrocardiogram
in, 335 

computer analysis, 334

Fetal evaluation (C o n t in u e d )

fetal pulse oximetry, 334 
fetal scalp stimulation, 334 
intrapartum fetal scalp pH, 333-334 
lactate determination, 333-334 
P-R and ST-segment analysis in, 

334-335
umbilical cord blood gas

determination in, 335-336,
336?

vibroacoustic stimulation, 334 
history, 309
instrumentation for, 309-310, 

31 0 /3 1 1 / 
interpretation of, standardized,

327-328 
limitations of, 339-340

and fetal head compression, 339 
prediction and prevention o f fetal 

stroke as, 339-340 
prediction and prevention o f hypoxic 

in jury as, 339 
management decision model,

standardized, 329-336, 333/ 
“ABC D ” approach to, 33 0 / 331-332 
conservative corrective measures in, 

331-332 
fetal heart rate components, 

evaluation of, 330-331 
initiation o f monitoring in, 329-330 
standard o f care in, 329 

physiologic basis of, 310-311 
bradycardia, 319 
tachycardia, 319 

risks of, 338-339 
infection as, 338-339 
operative intervention as, 339 

sinusoidal pattern, 327, 327f  

standardized fetal heart rate definitions 
in, evolution of, 317, 317? 

variability, 319-322, 3 2 0 /3 2 1 / 
intrapartum, 308-343

history o f fetal monitoring, 309 
oxygen transfer, from environment to 

fetus, 311-315, 311/ 
external environment in, 311 
fetal blood in, 315 
interrupted

causes of, 315? 
fetal response to, 315-317 
injury threshold in, 316-317, 317? 
mechanisms o f in jury in, 316 

maternal blood, 312, 312/ 
maternal heart, 312 
maternal lungs, 311-312 
maternal vasculature, 312-313 
placenta, 313-315, 313/ 
umbilical cord in, 315 
uterus in, 313 

pattern recognition and interpretation in, 
317

perinatal mortality, defining the problem 
of, 219-222 

Fetal fibronectin (fFN), 280, 724-725 
Fetal growth

assessment of, ultrasound for, 180-181 
abnormal growth diagnosis in, 181 
estimating weight in, 181

Fetal growth (C o n t in u e d )

genetic potential for, 738-739 
regulation of, 738 

Fetal growth restriction (FGR). See a lso

Intrauterine growth restriction (IUGR) 
assessment o f fetal well-being, 754-762 

amniotic fluid volume, 755-756 
anticipating progression to fetal

compromise, 759-762, 76 0 /7 6 3 / 
biophysical parameters, 756 
Doppler ultrasound, 756-759, 

7 5 7 /7 5 9 / 
fetal heart rate analysis, 755 
integrated fetal testing, 761-762 
invasive fetal testing, 759 
maternal monitoring o f fetal activity, 

755
definition and patterns of, 738-740 
delivery and, 764-765 

tim ing of, 762-764 
diagnostic tools in, 745-750

amniotic fluid assessment, 747-748 
Doppler velocimetry, 748-749, 

7 4 9 /7 5 1 / 
fetal anatomic survey, 747 
fetal biometry, 745-747 
integrated approach, 75 2 / 
invasive testing, 749-750 
reference ranges, 747 

in eclampsia, 692 
in hypertension, 699-701 
management of, 753-754 
in multiple gestations, 727 
outcomes in, 765-766 
w ith preeclampsia and eclampsia, 663, 

683
preventive strategies of, 753 
screening of, 750-753 
spiral artery conversion and, 7 

Fetal heart rate monitoring (FHR) 
acceleration, 319-322 
auscultation as alternative, 336 

randomized controlled trials of, 
336-338, 336? 

summary of, 338 
baseline rate, 318-319, 319/ 
benefits of, 339 
w ith breech presentation, 376 
o f compound presentation, 375-376 
decelerations, 323 

early, 323, 323/ 
late, 323-324, 3 2 4 /3 2 5 / 
w ith late component, 328-329 
prolonged, 326, 32 7 / 
significant, 333 
in tachysystole, 249 
variability w ithin, 329 
variable, 324-326, 32 6 / 

atypical, 328-329 
mild, moderate, and severe, 329 
overshoot in, 329 
V- and W - shaped, 329 

in diabetic ketoacidosis, 884, 886/ 
o f face presentation, 373 
fetal status, evaluation of, other methods 

for, 333-336, 336? 
in growth-restricted fetuses, 745, 755 
history, 309
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Fetal heart rate monitoring (FHR)
(C o n t in u e d )  

instrumentation for, 309-310, 31 0 /3 1 1 / 
direct, 309-310, 31 0 / 
indirect, 310 

interpretation of, standardized, 327-328 
limitations of, 339-340

fetal head compression as, 340 
prediction and prevention o f fetal 

stroke as, 339-340 
prediction and prevention o f hypoxic 

injury as, 339 
management decision model,

standardized, 329-336, 333/ 
“ABCD” approach to, 33 0 / 331-332 

assess oxygen pathway in, 331, 331* 
begin corrective measures as 

indicated in, 331-332 
clear obstacles to rapid delivery,

332
determine decision-to-delivery time, 

332
conservative corrective measures in, 

331-332 
amnioinfusion in, 332 
correct maternal hypotension, 332 
fetal heart rate tracing reevaluation, 

332
intravenous fluid administration,

331
maternal position changes in, 331 
second-stage pushing and breathing 

technique, altering of, 332 
supplemental oxygen, 331 
uterine activity reduction, 332 

fetal heart rate components, evaluation 
of, 330-331 

monitoring, 554 
patterns of, 318 
physiologic basis of, 310-311 

bradycardia, 319 
tachycardia, 319 

in placental abruption, 400 
risks of, 338-339 

infection as, 338-339 
operative intervention as, 339 

sinusoidal pattern, 327, 327/ 
standardized definitions in, evolution of, 

317
tracings, categories of, 317-318 
variability, 319-322 

absent, 319-320, 32 0 / 
marked, 319-320, 321/ 
minimal, 319-320, 320/ 
moderate, 319-320, 321/ 
physiology of, 320-322 

Fetal heart rate tracing, reevaluation of, as 
conservative corrective measure, 332 

Fetal hydantoin syndrome, 140, 140 /141 / 
Fetal hydrops, in  syphilis, 1096 
Fetal hyperthyroidism, 925-926, 925b  

Fetal immune system, 73-74
cord blood transplantation in, 74 

Fetal indications, in cesarean delivery, 427 
Fetal inflammatory response syndrome 

(FIRS), 70, 626 
Fetal injury, in operative vaginal delivery,

300

Fetal loss
in abnormal axial lie, 370 
w ith chorionic villus sampling, 212 
with fetal blood sampling, 213 
pathophysiology of, from maternal 

trauma, 569 
Fetal malformations, and fetal mortality, 225 
Fetal membranes, delivery of, 262-263 
Fetal monitoring 

fetal activity
maternal assessment of, 227-228, 228/ 
maternal monitoring of, 755 

in surgery, during pregnancy, 554 
in trauma, in pregnancy, 570-571, 571/ 

Fetal mortality
causes of, 221, 222f  

characteristics of, 220-221, 221/ 
common risk factors for, 223* 
continuum o f certainty in 

pathophysiology, 222f  

and fetal death, 397 
identifying those at risk, 222, 223/ 
w ith intrauterine growth restriction

(IUGR), 221 
maternal characteristics, 222-223, 224/ 
maternal conditions, amniotic fluid 

abnormalities, 225 
by maternal race and ethnicity, 220/ 
predictors of, in maternal trauma, 569 
tim ing of, 221-222 
trends in, 220/

Fetal paralysis, pancuronium bromide for,
212-213 

Fetal physiology, 26-37 
o f adrenal glands, 35 
o f cardiovascular system, 29-33

autonomic regulation o f function of, 32 
biventricular cardiac output in, 30, 31* 
development of, 29-30, 30 / 
heart in, 30-32, 3 0 / 
hemoglobin in, 33, 3 3 / 
hormonal regulation o f function of, 

32-33
o f central nervous system, 35-36 
o f gastrointestinal system, 34-35 
growth and metabolism in, 28-29 
o f kidney, 33-34 
o f thyroid gland, 35 

Fetal physiology, trauma in, 566 
Fetal pulmonary maturity

criteria for confirmation of, 278* 
premature rupture o f the membranes and,

653 
testing of, 630 

Fetal pulse oximetry, and fetal status 
evaluation, 334 

Fetal radiation exposure, 973, 973*
Fetal rejection, 77-78
Fetal resuscitation, diabetic ketoacidosis, 884 
Fetal scalp

pH, intrapartum, and fetal status 
evaluation, 333-334 

stimulation, and fetal status evaluation,
334 

Fetal size, 249
Fetal stroke, prediction and prevention of, as 

lim itation o f fetal heart rate 
monitoring, 339-340

Fetal swallowing, in amniotic fluid removal,
789

Fetal urine, in amniotic fluid formation,
788, 789/

Fetal-maternal tolerance, breakdown of, 627 
Fetal/neonatal alloimmune 

thrombocytopenia, 952 
Fetal-placental metastasis, 1070 
Fetomaternal hemorrhage (FM H), 771, 775 
Fetus

assessment o f fetal well-being, 754-762 
breathing, 472

fetal breathing movements (FBMs),
234

circulation of, 473-474, 4 7 3 /4 7 4 / 474* 
delivery of, in cesarean delivery, 434 
in labor and delivery, 249-251 

attitude, 250-251 
fetal lie, 249, 250/ 
fetal size, 249 
position of, 25 0 /2 5 1 / 251 
presentation of, 249-250, 251/ 
presenting diameter, 250-251, 250/ 
station of, 251, 252/ 

maternal tolerance of, 74-78, 7 6 / 
through dendritic cells and antigen 

presentation, 77 
through human leukocyte antigens, 77 
through regulation o f complement, 

chemokines and cytokines, 77 
through regulation o f maternal B cells, 

75-77
through regulation o f maternal T  cells, 

75
membrane anatomy and physiology of, 

648
placental vasculature of, 11-12 
position of, 25 0 /2 5 1 / 251 
thymus of, 73-74 

Fever, maternal, w ith epidural analgesia,
357-358 

fFN. See Fetal fibronectin (fFN)
FGR. See  Fetal growth restriction (FGR) 
FHR. See Fetal heart rate monitoring (FHR) 
Fibrinogen, 46

concentrate, for coagulopathy, 419 
hypofibrinogenemia, and abruptio 

placenta, 398 
in preeclampsia, 671 
and pregnancy, 395 

Fibrinolysis, 967 
Fibroadenomas, breast, 543 
Fibroid

as placenta accreta risk factor, 403-404 
ultrasound of, 174, 175/ 
as uterine inversion risk factor, 417 

Fibromas, breast, 543 
Fibronectin, 280, 629 
Fibula length, normal values for, 1220* 
Fick’s law o f diffusion, 15 
Fifth disease, 1114
“ Fight or flight response,” breastfeeding on,

529
Filtration fraction, 49 
Fine-needle aspiration (FNA) 

breast, 1060 
for breast mass, 543 

Fingolimod, for multiple sclerosis, 1044
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FIRS (Fetal inflammatory response 
syndrome), 626 

First stage o f labor 
defined, 271-272 
disorders o f

active phase, 273-274 
latent phase, 272-273 

pain during, 344-345 
First trimester

aneuploidy screening in, 198-200 
calcium metabolism during, 5 7 / 
cervical cancer, 1066 
chorionicity determination in, 708, 709/ 
cocaine use in, 151 
constipation in, 53 
endometrium during, role of, 8-9 
in fetal growth restriction screening, 753 
hemoglobin in, 130 
iron requirements during, 44-45 
maternal-fetal relationship during, 5-6 
multifetal pregnancy reduction, 711-712 
platelet count during, 45 
in pregnancy loss, 579, 586 
proteinuria in, 50 
sleep characteristics in, 48 
ultrasound during, 168-170 

abnormal findings in, 169-170, 
169/170/ 

normal findings in, 168-169, 168/169/ 
in screening for aneuploidy, 184, 185/ 
transvaginal, 168 

white blood cell (WBC) count during,
45

First-line agents, for multiple sclerosis,
1043-1044 

Fish, mercury in, 156-157 
Fish oil, for preterm birth prevention, 640 
Flexion, 253 

o f fetal head, 253 
Fluconazole, for mastitis, 540 
Flumazenil, for benzodiazepine reversal,

349
Fluorescence in situ hybridization (FISH) 

for chromosomal rearrangements, 584 
for cytogenetic diagnosis, 204-205, 204/ 

Fluorescent treponemal antibody absorbed 
(FTA-ABS) test, 1094 

Fluoroquinolones
CA-MRSA (community-acquired

methicillin-resistant S ta p h y lo co ccu s  

a u re u s ), 831 
fetal effects of, 148 

Fluoxetine
in breast milk, 152-153, 1155* 
for bulimia, 1163 
for depression, 1153 
fetal effects of, 142 

FM H. See Fetomaternal hemorrhage (FMH) 
Focal epilepsy, 1031 
Focal syncytial necrosis, 11 
Focus, ultrasound, 162-163 
Focused abdominal sonography for trauma 

(FAST) exam, 570 
Folate

neural tube defects and, 130 
supplementation guidelines for, 129-130 
supplementation of, 130 

Folate deficiency, 955

Folic acid, 955
supplementation o f 

for (i-thalassemia, 960 
clinical trials on, 139 
epilepsy and, 1039-1040 
for megaloblastic anemia, 955 

Follicle-stimulating hormone (FSH) 
in breastfeeding, 501 
dizygotic twinning and, 707 
from gonadotroph adenomas, 940 
maternal, 56 

Follicular cysts, 556, 557/
Follicular helper T  cells, 73 
Fondaparinux, for venous

thromboembolism, 974-975 
Fontan procedure, 817-818, 818*
Food

intake, maternal, 52
thermic effect of, 125-126, 126/

Food and Drug Administration (FDA) 
categories for use o f drugs, in pregnancy, 

136
categories o f labeling for drug use in 

pregnancy, 1058, 1058* 
in energy exposure, during 

ultrasonography, 571 
ultrasound equipment standards of,

182
and use o f vacuum assisted delivery 

devices, 301 
Food contamination, 132-133 
Foot length, normal values for, 1221* 
Foramen ovale, 474 
Forced cesarean delivery, 1193-1194 
Forced expiratory volume in 1 second 

(FEVi), maternal, 47 
Forceps, 291-294, 29 1 /2 9 2 / 

anatomy of, 291, 292f  

application of, stepwise approach to,
293/

classic, 291, 2 9 2 / 294-297 
for delivery o f aftercoming head o f the 

breech, 2 9 2 / 294 
described, 291 
history of, 289
morbidities associated with, 303* 
for occiput anterior and occiput posterior 

positions, 294-297, 29 6 / 
for occiput transverse positions, 297 
rotation, for occiput posterior position, 

297-298 
rotational, 29 2 / 293-294, 297 
sequential use of, w ith vacuum, 303 
types o f 

DeLee, 291 
Elliot, 29 2 /
Hawks-Dennen, 291 
Irving, 291
Kielland, 29 2 / 293-294, 297 
Piper, 29 2 /
Simpson, 291, 29 2 /
Tucker-McLane, 291, 292f  

Forcing function, 329 
Four-dimensional ultrasound, 165 
Fourth intercostal nerve, lateral cutaneous 

branch of, 519 
“Fourth trimester,” 504 
Fox-Fordyce disease, 1076*, 1078

Fractures
as birth injuries, 479 
maternal trauma, 567-568, 568/

Freda, Vincent, 773, 775 
Free fatty acids (FFAs), in diabetes mellitus,

870
Free oxygen radicals, diabetes mellitus and, 

873
Free radicals, in preeclampsia, 667 
Free thyroxine index (FTI), 54-55 
Frequency, ultrasonography, 161 
Fresh-frozen plasma, for postpartum 

hemorrhage, 420 
cryoprecipitate, 420 
massive transfusion protocols for, 420 

Frontum anterior brow presentation, 373, 
37 3 /3 7 5 /

FSH. S ee  Follicle-stimulating hormone (FSH) 
FTA-ABS (fluorescent treponemal antibody 

absorbed) test, 1094 
Fuel metabolism, maternal, 56-57 
Functional residual capacity (FRC) 

maternal, 47, 4 7 / 
neonatal, in  first breath, 472 

Fundus, 1224.^9/
palpation of, inability to, in uterine 

inversion, 417 
Funic presentation, 249-250 
Funipuncture, 212

G
Gadolinium, safety of, 1000-1001 
Gag gene, HIV, 1101 
GAGs (Glycosaminoglycans), 624 
Gain, ultrasonography, 16 2 /16 3 / 
Galactogogues, 541-542 
Galactopoiesis, 521 
Galactosemia, 482 
Gallbladder, maternal, 53 
Gallstones, 53
Gamete DN A, for preimplantation genetic 

diagnosis, 213 
Gap junctions, 11, 624-625, 635 
G a rd n e re lla  v a g in a lis , abortion and, 586 
Gas exchange, maternal, 47-48 
Gaskin maneuver (all-fours maneuver), for 

shoulder dystocia, 391 
Gastric banding, 560-561 
Gastric bypass, 560-561 
Gastric emptying

breastfeeding, 525-526 
maternal, 53
in pregnancy physiology, 553 

Gastroenterology, neonatal, 481-486 
Gastroesophageal reflux, 1019-1021 

management of, 841 
Gastroesophageal reflux disease (GERD), 53 
Gastrointestinal disorders, during pregnancy, 

1012-1029 
acute appendicitis, 1021-1022, 10226 
clinical presentation and diagnosis of, 

10206
colon cancer, 1023-1024 
diagnostic testing of, 1016-1019 
differential diagnosis and evaluation of, 

1013-1016 
abdominal pain, 1013-1015, 1014* 
lower gastrointestinal symptoms, 1016
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Gastrointestinal disorders, during pregnancy 
(C o n t in u e d )

upper gastrointestinal symptoms, 
1015-1016 

gastroesophageal reflux and peptic ulcer 
disease, 1019-1021 

hemorrhoids, 1025-1026 
inflammatory bowel disease, 1024-1025, 

1025?
intestinal obstruction, 1022-1023 
intestinal pseudoobstruction, 1023 
irritable bowel syndrome, 1026 
mesenteric ischemia and infarction,

1026
nausea and vomiting o f pregnancy and 

hyperemesis gravidarum, 1019 
splenic artery aneurysm rupture, 1026 

Gastrointestinal surgical conditions, 483 
Gastrointestinal system 

disorders, cancer, 1069 
fetal, 34-35 

Gastrointestinal tract 
fetal, 34
injury of, as complication, o f cesarean 

delivery, 436 
trauma, in  pregnancy, 566 

Gastroschisis, 188, \ 8 8 .e 3 f  

Gatekeeper symptoms, 1149 
G-banded karyotype, in cytogenetic testing, 

203
GBS. See Group B S tre p to co ccu s  (GBS) 
GEN-TOX, 157
Gene-environment interactions, in preterm 

labor, 626 
Generalized anxiety disorder, 1160 
Generic consent, 1191 
Genes, imprinted, in fetal growth, 29 
Genetic conflict theory, 667 
Genetic counseling, 194-195, 1189-1193 

communication in, 194-195 
nondirective, 195 
psychological defenses in, 195 
for recurrent aneuploidy, 583 
for women with epilepsy, 1038-1039 

Genetic diagnosis, 193-218
indications for prenatal cytogenetic 

testing for, 202-205 
assisted reproduction through

intracytoplasmic sperm injection
as, 203

chromosome microarrays and, 
203-205

parental chromosome rearrangements 
as, 202

previous child w ith chromosome 
abnormality as, 202 

o f Mendelian disorders, 206-209 
o f multifactorial disorders, 209-210 
novel indications for, 213-214 

adult-onset disorder as, 213-214 
to avoid pregnancy termination, 213 
chromosomal, 214 
human leukocyte antigen-compatible 

embryos, 214 
nondisclosure o f parental genotype,

213-214 
preconceptional diagnosis as, 213 

o f polygenic disorders, 209-210

Genetic diagnosis (C o n t in u e d )  

preimplantation, 213-215
chromosomal indications for, 214 
clinical u tility  and, 215 
novel indications addressed only by,

213-214
obtaining embryonic and gamete D N A  

for, 213 
safety of, 215
for single-gene disorders, 214-215 

procedures for, 210-213 
amniocentesis, 210-211 
chorionic villus sampling, 211-212,

211/
fetal blood sampling, 212-213 

o f single-gene disorders, molecular 
approach to, 208-209 

Genetic generalized epilepsies, 1031 
Genetic history, 194

in preconception health counseling, 108 
Genetic imprinting, in preeclampsia, 667 
Genetic screening, 193-218, 1189-1193 

for aneuploidy, 198-202
cell-free D N A  analysis for, 200-201 
confounding factors in, 200 
first- and second-trimester, 200 
first-trimester, 198-200 
in multiple gestation, 201-202 
second-trimester, 200 
ultrasound, 202 

in Ashkenazi Jewish genetic diseases, 207 
carrier, 206-208 
genetic history for, 194 
for hemoglobinopathies, 207 
maternal alpha-fetoprotein screening for 

neural tube defects, 209 
for newborn, 208 

Genetics
and genetic imprinting, 667 
o f Marfan syndrome, 821 
postterm pregnancy predisposition, 797 
o f preeclampsia, 667 
preterm birth and, 622 

Genital tract, infections of, 620 
Genital tract lacerations, 411-414 

clinical manifestations, 412 
definition of, 411-412 
diagnosis of, 412 
incidence of, 412 
management of, 412-414

cervical laceration, 412, 412/ 
perineal laceration, 412-413, 41 2 /4 1 3 / 
retroperitoneal hematoma, 414, 41 5 / 
vaginal hematoma, 414, 41 5 / 
vulvar hematoma, 413-414, 414/ 

pathogenesis, 411-412 
risk factors, 412 

Genitofemoral nerves, 1224. e l f  

Genitourinary tract, preterm birth factors, 
620

Genotype, teratogen susceptibility and,
137-138 

Gentamicin
in breast milk, 154 
for chorioamnionitis, 1136-1137 
for endomyometritis, 438 
for listeriosis, 1144-1145 
for pelvic abscess, 1140

Gentamicin (C o n t in u e d )

as prophylactic preoperative antibiotics, 
429-430 

for septic shock, 1142 
Germ cell tumors, 1067-1068 
Gestation, term, as uterine rupture risk 

factor, 416 
Gestational age

assessment of, 491/
confirmation of, criteria for confirmation 

of, 278?
growth and, classification o f newborns by,

490-491
infant death and, 616-617, 618/ 
parvovirus infection risk and, 1115? 
perinatal mortality and, 798, 798/ 
survival rates by, 617-618, 618/ 

Gestational age determination, ultrasound 
for, 176-182 

abdominal circumference in, 177, 
178/179/ 

biparietal diameter in, 177, 178/ 
crown-rump length in, 168-169, 169/ 

177, 177/ 
femur length in, 177, 180/ 
head circumference in, 177, 178/ 
standard measurements in, 177 
when to use ultrasound dating in,

180-182, 180?
Gestational dating, ultrasound to, postterm 

pregnancy and, 797 
Gestational diabetes mellitus (G DM ), 863.

S ee a lso Diabetes mellitus, gestational 
Gestational hyperthyroidism, 918 
Gestational programming, 84-85, 8 4 / 
Gestational sac, 579, 580/
Gestational thrombocytopenia, 45, 947-948 

therapy of, 950 
Gestational trophoblastic disease (GTD), 

1070-1073
algorithm for management o f molar 

pregnancy, 1071/ 
choriocarcinoma, 1072-1073 
hydatidiform mole (complete mole), 

1070-1072 
invasive mole (chorioadenoma destruens), 

1072
partial hydatidiform mole, 1072, 1072/ 
placental site trophoblastic tumor, 1072 

Gestational weight gain (GWG), 39 
recommendations in, 39?

Gestations, multiple, rapid uterine
decompression associated with, 398 

GFR. See Glomerular filtration rate (GFR) 
Giant cells, formation o f multinucleated, 6 
Ginger

fetal effects of, 146 
for nausea and vomiting during 

pregnancy, 132 
Gingivitis o f pregnancy, 52 
Glandular changes, induced by pregnancy, 

1078
Glatiramer acetate, for multiple sclerosis, 

1044 
Gliomas, 1069
Global Health Network for Perinatal and 

Reproductive Health, 608-609 
Glomerular disease, 853-854

ak
us

he
r-li

b.r
u



1254 Index

Glomerular filtration rate (GFR) 
fetal, 33-34
increase in pregnancy, 850 
maternal, 49 
in preeclampsia, 670-671 

Glomerulonephritis 
acute, 853 
IgA, 854 

Glucagon, fetal secretion of, 28 
Glucocorticoids

antenatal, for preterm labor, 630 
duration o f benefit, 631 
fetal effects of, 631 
maternal effects of, 631 
risks of, 631 

antenatal exposure to
adverse cardiac outcomes of, 91 
in developmental programming,

93-94
insulin resistance and, 91 

in developing fetus, 630 
fetal effects of, 631 
for hypopituitarism, 940 
for immune thrombocytopenia purpura, 

951
in pulmonary development, 471-472 
for systemic lupus erythematosus, 986 

Glucokinase mutation, 866 
Glucose 

fetal
fetal growth and, 738, 741 
as substrate for fetal brain, 36 

hepatic, production of, in diabetes 
mellitus, 863-864, 865f  

gestational, 867, 868/ 
maternal

continuous monitoring, 881 
excretion of, 50
metabolism in diabetes mellitus, 

863-866, 864/ 
physiology of, 56 

metabolic responses to placental 
insufficiency, 741-742 

placental transport of, 17 
target levels of, in pregnancy, 881, 881* 
transporters, 865 

Glucose-6-phosphate dehydrogenase 
(G6PD), hemolytic anemias, 484 

Glucose-6-phosphate dehydrogenase
(G6PD) deficiency, sulfonamides and,
147

Glucose intolerance, long-term effects of, 
893-894

Glucose metabolism, in diabetes mellitus, 
863-866 

gestational, 867, 868/ 
type 1, 866-867 

Glucose tolerance 
impaired, 878 
normal, 863 

Glucose tolerance test (GTT) 
for class A  diabetes mellitus, 875 
for gestational diabetes mellitus, 879, 

880/
Glucose-challenge screening, for gestational 

diabetes mellitus, 880
G L U T I, 865 

in type 1 diabetes mellitus, 867

G LU T I glucose transporter, 15-17 
GLUT3, 865
G LUT3 glucose transporter, 17 
GLUT4, 865, 868-869 
G LUT4 glucose transporter, 17 
Glutamate, as energy source, 18 
y-glutamyl transferase (GGT), 53-54 
Gluteal artery

inferior, 1 2 2 4 .f l l/  
superior, \224.e\\f 

Gluteus maximus, I224.e5f-I224.e6f 
Glycodelin, 8
Glycosaminoglycans (GAGs), 624 
Glycosuria, 50, 850-851 
Glycyrrhiza, 94 
Goiter

fetal, face presentation with, 371 
iodide-induced, 146/ 
maternal, 54 
in pregnancy, 916 

Gonorrhea, 1092-1093 
Gonzales v. Carhart, 1185 
Gorman, John, 773 
Graft-versus-host disease (G VHD), 74 
Gram stain, group B streptococcal infection 

and, 1131 *
Granulocytopenia, in newborn after 

chemotherapy, 1064 
Granuloma gravidarum, 10766, 1077 
Granulomas, pyogenic, 52, 1077, 1077/ 
Graves disease

hyperemesis gravidarum and, 920 
hyperthyroidism in, 920-924, 9206,

920*
postpartum thyroiditis and, 934 

Greater sciatic foramen, 1 2 2 4 .fl/
Grieving, perinatal, managing, 512-514, 

5136
Griswold v. Connecticut, 1184 
Gross national income (G NI), 1197 
Group B streptococcal infection, 1130-1133 

diagnosis of, 1131, 1131*, 1133* 
epidemiology of, 1130-1131, 1131* 
maternal complications of, 1131 
premature rupture o f the membranes 

(PROM) and, 1130-1131 
prevalence of, 1130 
prevention of, 1131-1133, 1132/ 
puerperal endometritis, 1137-1139 
risk factors for early-onset, 1130-1131 

Group B Streptococcus (GBS), 1179 
early-onset, 487
intrapartum antimicrobial prophylaxis for,

48 7 /
membrane stripping in carriers of, 285 
premature rupture o f membranes and,

648, 651 
in preterm labor, 630 
screening for, 113 
treatment of, 630 

Growth
classification o f newborns by, gestational 

age and, 490-491 
curves, for weight, intrauterine, 492f  

fetal
growth curve for sonographically 

estimated fetal weight, 747 
imprinted genes in, 29

Growth (Continued)
physiology of, 28-29 

hormones in, 28-29 
substrates of, 28 

in placental physiology, 13-14 
potential for growth-restricted infants, 

766 
Growth chart

in asymmetric IUGR, 74 6 / 
in symmetric IUGR, 74 6 /

Growth factors, fetal, 29 
Growth hormone (GH) 

acromegaly and, 939 
changes in pregnancy, 938 
for hypopituitarism, 940 
maternal, 56 
for monosomy X, 198 
placental, 22 

Growth Intervention Trial, 763, 764* 
Growth restriction, fetal, 181-182 
Growth-promoting peptide hormones, in 

placenta, 14 
Guidelines fo r Vaginal Delivery after a 

Previous Cesarean Birth, 444 
Gut microbiome, 60 
Gynecologist, in breastfeeding, 531-533, 

531*

H
Haemophilus influenzae, pneumonia and,

829
Hair

changes induced by pregnancy, 10766,
1078

growth, postpartum, 503-504 
Harmonic imaging, tissue, 161 
Hashimoto thyroiditis, 930-931 
Hawks-Dennen forceps, 291 
Hayman vertical sutures, 410, 4 1 1 / 
Hazards, in preconception health 

counseling, 108-110 
H C /AC  ratio, 181-182, 746 
HDACs (histone deacetylases), 85 
H D FN . See Hemolytic disease o f the fetus 

and newborn (HD FN )
Head

fetal, compression of, 340 
ultrasound screening for anomalies in,

185-186
Head and abdominal circumference (H C / 

AC ratio), 746 
Head circumference (HC)

for fetal growth assessment, 745 
normal values in pregnancy, 1219* 
for ultrasound gestational age 

determination, 177, 178f  

Head circumference/abdominal 
circumference (HC/AC) ratio,
181-182 

Headache, 1046-1050, 1046/ 
abortive treatments for, 1047* 
migraine and, 1046-1049 
postdural puncture headache (PDPH), 

355-356
prophylactic treatments for, 1048* 
secondary, 1049-1050. See also Secondary 

headache 
spinal, 355-356
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Health
maternal and reproductive, 1196-1201 
sexual and reproductive, 1201-1205 
staff, respect and, 1208 

Health and Human Services (HHS), 1187 
Health and Human Services Appropriations 

Act, 1187 
Health care quality, defined, 1174 
Health care staff, 1208-1209 
Health insurance, U.S Senate bill on, 1187 
Health system factors, 1199 
Healthy People 2020 Maternal, Infant, and 

Child Health (M IC H ), objectives of, 
518

Healthy Start Programs, 118 
Hearing loss, 780, 1059 
Heart

in acardiac twins, 721-722, 72 1 / 
disease of. See Heart disease 
fetal

anatomy of, 30f  

physiology of, 30-32, 3 0 /3 1 / 
shunts for, 30, 3 0 / 

hemodynamics of, maternal, 804-806, 
80 4 /8 0 6 / 

management of, 824-825, 825/ 
monitoring of, 823-824, 8236, 824/ 

maternal
auscultation in pregnancy, 42, 4 3 / 
and oxygen transfer, 312 

physiology of, maternal, 39 
structured assessment o f cardiac 

symptoms in, 8076 
in ultrasound, four-chamber view of, 187,

187.e2f  

Heart disease
arrhythmias, 822 
cardiomyopathy

acute treatment of, 820 
diagnostic criteria for, 8196 
dilated, 819, 8196 
hypertrophic, 822 
mortality rate of, 819-820 
peripartum, 819, 8196 

congenital, 814-819
coarctation o f the aorta, 819 
counseling women in, 815 
Eisenmenger syndrome, 818-819 
Fontan procedure, 817-818, 818* 
incidence of, 814*, 815 
inheritance and, 815 
neonatal outcomes of, 814-815, 814* 
patent ductus arteriosus, 816 
septal defects, 815-816 
tetralogy o f Fallot, 816 
transposition o f the great arteries, 

816-817, 817* 
counseling patient in, 808 
diagnosis and evaluation of, 806-807, 

807/
general care of, 807-809 
implantable cardioverter-defibrillators for, 

822
intercurrent events in, 807 
labor and delivery

prophylactic antibiotics for, 8086 
standard cardiac care for, 807-808, 

8086

Heart disease (C o n t in u e d )

Marfan syndrome, 821, 821* 
maternal hemodynamics of, 804-806, 

8 0 4 /80 6 / 
management of, 824-825, 825f  

monitoring of, 823-824, 8236, 824/ 
myocardial infarction, 820-821, 820* 
normal changes that mimic, 42, 4 3 / 
in pregnancy, 803-827 
pulmonary hypertension, 822 
structured assessment o f cardiac 

symptoms in, 8076 
valvular disease, 809-814 

aortic regurgitation, 812 
aortic stenosis, 811-812 
mitral regurgitation, 811 
mitral stenosis, 809-811, 810/ 
prosthetic valves, 812-814 

Heart failure
cystic fibrosis and, 847 
respiratory distress, neonatal, 487 

Heart rate 
fetal

contraction stress test, 228 
deceleration, 234 
nonstress test (NST), 230-232 

bradycardia, 233, 233/ 
sinusoidal pattern, 232 
tachycardia, 233 

regulation of, 227 
during sleep, 227 
variability in, 31 

maternal
hemodynamics of, 804, 8 0 4 /80 5 / 
increase in pregnancy, 40, 4 0 / 
in labor, 42 

Heart sound, in pregnancy 
maternal, 42, 4 3 /

pathologic murmur and, 806 
split second, 806 

Heartburn, 132
prenatal care and, 115 

Hegar dilator, 599 
H e lic o b a c te r  p y lo r i, 53 
Helper T  cells

asthma associated w ith exaggerated 
response of, 95 

CD4 and, 72 
subsets of, 73 

Hemagglutinin, 1113 
Hematemesis, as upper gastrointestinal 

symptoms, 1015-1016 
Hematocrits, polycythemia, 486 
Hematologic changes 

in preeclampsia, 671 
in pregnancy, 43-46

coagulation system in, 45-46, 46* 
iron metabolism in, 44-45 
leukocytes in, 45 
plasma volume in, 43-44, 4 4 / 
platelets in, 45, 4 5 / 
red cell mass in, 43-44 

Hematologic complications, o f pregnancy,
947-964

hemoglobinopathies, 956-960, 956* 
hemoglobin S, 956-958 
hemoglobin SC disease, 958 
thalassemia, 958-960

Hematologic complications, o f pregnancy 
(C o n t in u e d )  

hemolytic uremic syndrome, 948-949 
management of, 951-952 

iron deficiency anemia, 952-955, 9526 
megaloblastic anemia, 955-956 
thrombocytopenia in 

evaluation of, 949-950 
fetal/neonatal alloimmune, 952 
pregnancy-associated, 947-949 

von Willebrand disease, 960-962 
Hematologic indices, normal values in 

pregnancy, 1216*
Hematology

fetal hematologic responses to placental 
insufficiency, 742 

neonatal, 486-487 
Hematoma

broad ligament, 438/
in genital tract lacerations, 411-412 

hepatic, 678-680, 679f  6806 
retroperitoneal, 411-412, 414, 41 5 /
retroplacental, and abruptio placenta,

398
umbilical cord, 212-213 
vaginal, 414, 415/ 
vulvar, 413-414, 414/

Hematuria
asymptomatic bacteriuria and acute 

cystitis, 1133 
in placenta previa, 404 
in urinary tract cancer, 1069 
w ith uterine rupture, 416 

Hemodialysis, in pregnancy, 857-858 
Hemodynamic instability

maternal, in uterine inversion, 417 
signs of, w ith uterine rupture, 416 

Hemodynamics
changes in, pregnancy-related, 395 
maternal, 804-806, 80 4 /80 6 / 

assessment of, 41-42 
decompensation, 804 
management of, 824-825, 825/ 
monitoring of, 806/ 823-824, 8236, 

824/ 824* 
waveforms and normal pressure values 

associated w ith catheter positions,
824/

in preeclampsia, 680-683 
Hemoglobin, 956 

Bart’s, 13-14, 959 
C, 958
fetal, 33, 3 3 / 566 
genes and, 33 
glycosylated, 877-878 
oxyhemoglobin dissociation curves and,

33, 3 3 / 
in pregnancy, 130
release o f oxygen by, tendency to, 312
S, 956-958
SC disease, 958
values of, in pregnancy, 44*

Hemoglobin alkaline denaturation test,
212

Hemoglobinopathies, 956-960, 956* 
carrier screening for, 207 
hemoglobin S, 956-958 
hemoglobin SC disease, 958
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Hemoglobinopathies (C o n t in u e d )  

sickle cell, 1006
abdominal pain and, 1015 

thalassemia, 207, 958-960 
Hemolysis, elevated liver enzymes, and low 

platelets (HELLP) syndrome, 671-678 
clinical findings of, 672-673, 672? 
as coagulopathy risk factor, 418 
differential diagnosis of, 673, 6736 
disorders confused with, 6736 
hepatic complications in, 678-680

hematoma and rupture, 678-680, 679'f ,  

6806
infarction, 678, 678f  

liver transplantation for intractable 
hemorrhage, 680 

laboratory criteria for diagnosis of, 
671-672, 6726 

management of, 673-675 
algorithm for, 677f  

corticosteroids for, 674-675 
expectant, 673-674 
intrapartum, 677-678, 6776, 678f  

postpartum, 678 
recommended, 676-677 
therapeutic modalities used, 6746 

maternal and perinatal outcome of, 
675-676, 675?-676? 

pregnancy outcome of, 688-689, 689? 
severe preeclampsia and, 1014 
thrombocytopenia in, 678 

Hemolysis, in HELLP syndrome, 672 
Hemolytic disease o f the fetus and newborn 

(HDFN)
amniocentesis to follow severity of, 777 
due to non-RhD antibodies, 781-782, 

781?
Duffy antigen system, 782 
Kell antigen system, 782 
K ID D  antigen system, 782 
RhC, 782 
Rhc, 781-782 
RhE, 782 
Rhe, 782 

gene frequencies and zygosity o f 
associated antigens with, 7821 

historical perspectives of, 770 
incidence of, 771, 771/ 
intrauterine transfusion of, 778-780 

complications and outcome, 780 
neonatal transfusions, 780 
neurologic outcome, 780 
technique, 778-780 

nomenclature of, 770 
pathophysiology of, 772 
plasmapheresis for, 780-781 
rhesus alloimmunization, 772-773 

clinical management of, 778 
diagnostic methods of, 776-778 
genetics of, 772-773, 772/ 
history of, 773
intrauterine transfusion of, 778-780 
prevention of, 773-778 

Hemolytic uremic syndrome (HUS), 855,
948-949 

with HELLP syndrome, 678 
management of, 951-952 
in systemic sclerosis, 993

Hemorrhage, 395-424 
anemia and, 486 
antepartum, 396-406

abruptio placenta, 396-400 
as coagulopathy risk factor, 418 
placenta accreta, 403-405 
placenta previa, 400-403 
placental abruption, 396-400 
vasa previa, 405-406 

birth injuries and, 479 
classification of, 395-396, 396? 
decidual, 626-627 
delayed, postpartum, 507 
w ith fetal blood sampling, 212 
fetomaternal, 771, 775 
intracranial, 479

with operative vaginal delivery,
301

intraventricular, 490
in premature rupture o f the 

membranes, 654 
in preterm infants, 618 

management of, 40 7 / 
maternal morbidity and mortality from,

395
physiologic adaptation to, 395, 396/ 
postpartum, 406-422, 1205

with active management o f third stage 
o f labor, 275 

blood conservation approaches, 
421-422 

as coagulopathy risk factor, 418 
definition of, 406 
etiologies, 406-419 

coagulopathy, 418-419 
genital tract lacerations, 411-414 
retained products o f conception, 

415-416 
uterine atony, 406-411 
uterine inversion, 416-418 
uterine rupture, 416 

fluid resuscitation and transfusion in, 
419-421

blood component therapy, 420-421, 
420?

volume resuscitation, 419-420 
normal blood loss and, 406 
placenta accreta, 456 

with premature rupture o f the 
membranes, 649-650 

prevention and protocol, 422, 42 2 / 
retroperitoneal, 566 
w ith shoulder dystocia, 388 
subarachnoid, 479, 1050 
subchorionic, and placental abruption, 

398 
subdural, 479 
subgaleal, 478-479

with operative vaginal delivery,
300-301 

transplacental, 213 
Hemorrhagic stroke, 1051 
Hemorrhoids, 506, 1016, 1025-1026 
Hemostasis

immediately after birth, 500 
physiology of, 966-967 

Hemostatic agents, for coagulopathy,
419

Heparin
for antiphospholipid syndrome, 989 
in breast milk, 154 
fetal effects of, 143 
low-molecular-weight, 813, 974 

fetal effects of, 144 
for prosthetic valves, 813 
unfractionated, 813, 974

weight-based nomogram for, 975? 
Heparin-associated osteoporosis, 916 
Heparin-induced thrombocytopenia (H IT ), 

974
Hepatic circulation, fetal, 30-31, 3 0 / 
Hepatic disorders, during pregnancy,

998-1011 
assessment o f liver disease, 999 
hepatobiliary symptoms and conditions 

in, differential diagnosis of, 
999-1000 

liver diseases. S ee  a lso  Liver diseases 
common, incidental to pregnancy, 

1004-1006 
significantly affected by pregnancy, 

1006-1007 
pancreatobiliary disease, 1002-1004, 

1002?. S ee  a lso  Pancreatobiliary 
disease

physiologic effects o f pregnancy in, 999 
team approach and informed consent for, 

1002
Hepatic function, in preeclampsia, 671 
Hepatic hemangiomas, 1005 
Hepatic hematoma and rupture, 678-680, 

67 9 / 6806 
Hepatic infarction, 678, 67 8 /
Hepatic lesions, 1000 
Hepatic metastases, 1005-1006 
Hepatic programming, 89-90 
Hepatitis

acute viral, A, B, and C, 1004 
autoimmune, 1005 
chronic

B, 1005
C, 1005

E, 1004, 1004?
herpes simplex, 1007-1008, 1008? 
viral, 1121-1125

hepatitis A  virus, 1122 
hepatitis B virus, 1122-1123 

course of, 1123/ 
diagnosis of, 1122, 1123? 
epidemiology of, 1122 
management during pregnancy, 

1122-1123 
virology of, 1122 

hepatitis C virus, 1123-1124 
diagnosis of, 1124 
epidemiology of, 1123-1124 
in pregnancy, 1124 
risk factors, 11246 
virology of, 1123-1124 

hepatitis D  virus (H D V), 1124 
hepatitis E virus (HEV), 1125 
liver biopsy, 1121, 1121/

Hepatitis B
chorionic villus sampling in women with, 

212
screening for, 112
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Hepatitis C, chorionic villus sampling in 
women with, 212 

Hepatitis coinfection, 1108-1109 
Hepatitis E, 1004, 1004*
Hepatocellular carcinoma, 1005-1006 
Hepatocellular tumors, 1069 
Hepatocyte growth factor, 10-11, 29 
Herbal supplements, during pregnancy, 133 
Heritable disorders, carrier screening for, 

206-208 
Heroin, fetal effects of, 151 
Herpes (pemphigoid) gestationis, 1081,

1083*
Herpes simplex hepatitis, 1007-1008,

1008*
Herpes simplex virus (HSV), 1119-1120 

clinical manifestations of, 1119, 1119/ 
1119* 

diagnosis of, 1119 
epidemiology of, 1119 
management during pregnancy, 1119- 

1120, 1120* 
neonatal, 1120
w ith premature rupture o f the 

membranes, 656 
primary and recurrent compared, 1119, 

1119*
virology of, 1119 

Herpes zoster, 1120-1121 
Herpesvirus, 1119-1120 
Heterochromatic, 85 
Heterozygous p-thalassemia, 960 
HHS. See Health and Human Services 

(HHS)
Hidradenitis suppurativa, 1078 
High-density lipoprotein (H D L), in diabetes 

mellitus, 870-871 
Higher elevation, residence at, as placenta 

previa risk factor, 401 
Hispanics

calcium supplementation for, 131 
early-onset group B S tre p to co ccu s  (GBS) 

infection, 1130-1131 
obesity in, 122
preterm birth in, 61 8 / 621-622 

Histology, placental, 9-12 
Histone deacetylases (HDACs), 85 
Histone modification, 85, 85 /
Historic prospective studies, 139 
History

genetic, 194
obstetric, integrating nutrition into,

122-123 
H L A - D R B 1  gene, 991 
Hodgkin lymphoma, 1062-1063, 1062*, 

1063/
Hoffman exercises, 534 
Holoprosencephaly

in diabetes mellitus, 872 
ultrasound screening for, 185,

186.f4 /186.f5 /
Homans sign, 966 
Homocysteine, 1217*

in megaloblastic anemia, 956, 956/ 
Homosexuality, 95-96 
Homozygous P-thalassemia, 959-960 
Hormonal contraception, o f pregnancy 

prevention, 510-511

Hormones
fetal

in cardiovascular system regulation,
32-33

in growth and metabolism, 28-29 
placental, 20 

estrogens in, 20
human chorionic gonadotropin in,

20-21 
leptin in, 22
placental growth hormone in, 22 
placental lactogen in, 21-22 
pregnancy-associated plasma protein A  

in, 22 
progesterone in, 20 

Horner syndrome, 479 
Hospital Corporation o f America (HCA), 

1178
Hospitalization, in multiple gestation 

pregnancy, 725 
Hospitals, maternal transfer to, 630 
H O X A I O  gene, 84 
hPL (human placental lactogen), 21 
HPV (human papillomavirus), 1125 
H2-receptor blockers, in breast milk, 155 
HSV. See Herpes simplex virus (HSV) 
Human chorionic gonadotropin (hCG), 

20-21, 916 
antiphospholipid syndrome and, 989 
assembly of, 21 
Down syndrome and, 21, 200 
gap junctions, in formation of, 11 
genes for, 20-21 
in hydatidiform mole, 1071/ 
isoforms of, 21 
maternal, 54

thyroid-stimulating hormone (TSH), 
effect on, 55 

maternal, tim ing o f peak levels in, 21 
physiologic role of, 21 

Human embryonic stem cell research 
funding, 1188-1189 

Human endogenous retroviral envelope 
proteins HERV-W, 11 

Human immunodeficiency virus (H IV), 
1101-1113 

AIDS-defining conditions in adults, 
11036

assessment o f H IV  disease status, 11046 
as breastfeeding contraindication, 542 
as cause o f death, 1199 
chorionic villus sampling in women with, 

212
clinical manifestations and staging of,

1102-1103, 1103*
counseling and coordination o f care and,

1112-1113 
diagnosis of, 1101-1102, 1103/ 
discordant couples, 1112 
epidemiology of, 1101 
evolution of, 1103-1104 
genes of, 1101
infant screening and diagnosis of, 1111 
intrapartum management of, 1110-1111 
management, intrapartum, 1110-1111 

cesarean delivery, elective, 1110-1111 
spontaneous rupture o f membranes

(SROM), 1111

Human immunodeficiency virus (H IV)
(C o n t in u e d )  

testing, 1111 
untreated women, 1111 

management, ongoing, 1112 
management during pregnancy and,

1104-1110 
ethical considerations and, 1104 
initial evaluation, 1104 
treatment of, 1105*

National Perinatal H IV  Hotline, 1112 
pneumonia and, 829 
postpartum care o f women with, 1111 
preconception counseling for women 

with, 1112 
resource-poor countries and, 1206 
screening for, 112 
treatment

combination care, 1104-1105 
factors that influence transmission,

1109-1110, 11096 
invasive prenatal testing, 1110 
non-nucleoside reverse transcriptase

inhibitors (NNRTIs), 1104-1105 
o f ongoing management of, 1109 
o f opportunistic infection prophylaxis,

1109
protease inhibitors, 1104-1105 

virology, 1101 
Human leukocyte antigen (HLA) 

compatible embryos, 214 
cord blood transplantation and, 74 
major histocompatibility complex (M HC) 

and, 71
maternal-fetal, disparity in, 79 
maternal tolerance o f fetus through, 77 
paternal antigens o f fetus and, 78 
T  cells and, 72 

Human leukocyte C-antigen (HLA-C),
extravillous trophoblast cell expression 
of, 6

Human papillomavirus (HPV), 1125 
Human placental lactogen (hPL), 21 
Humate-P, for von Willebrand disease, 

961-962
Humerus length, normal values in 

pregnancy, 1220*
Humoral immune responses, 71 
Huntington procedure, for uterine inversion,

417-418
HUS. See Hemolytic uremic syndrome (HUS) 
Hyaline membrane disease (H M D ) 

in diabetes mellitus, 874 
respiratory distress, neonatal, 488 

Hyalinization, 500 
Hydantoin

fetal effects of, 140, 140/141/ 
teratogenicity of, 137-138 

Hydatidiform mole
complete mole, 1070-1072 
partial, 1072, 1072/

Hyde amendment, 1187 
Hydralazine

for cardiomyopathy, 820
fetal effects of, 144
for hemodynamic management, 825
for hypertension-eclampsia, 694
for hypertension-preeclampsia, 684, 686
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Hydrocephalus
thanatophoric dysplasia and, 189 
ultrasound screening for, 186, 186.e3/ 

Hydrochlorothiazide, in breast milk, 153 
Hydrocortisone

fetal metabolism of, 940 
for septic shock, 1142 

Hydronephrosis, 188, 188.e l/1 8 8 .f2 / 
Hydrops

ultrasound of, 189, 189.f3f  

Hydrops fetalis 
in anemia, 772 
neurologic outcome and, 780 
parvovirus B19 and, 1114 
placental size in, 13-14 
RhD alloimmunization and, 776 
thalassemia and, 959 
ultrasound and, 777 

Hydroquinone, for melasma, 1075-1076 
Hydrostatic pressure

gradients, in placenta, 15 
water transfer and, 19 

Hydrostatic reduction, o f uterine inversion, 
417-418, 418/

Hydroureter, 853
Hydroxychloroquine, for systemic lupus 

erythematosus, 986 
17-0C-Hydroxyprogesterone caproate, 640 
Hyperaldosteronism, primary, 943 
Hyperalimentation, for intrauterine growth 

restriction, 754 
Hyperandrogenism, ovarian, 95 
Hyperbilirubinemia

in diabetes mellitus, 875 
neonatal, 483

bile pigment metabolism, 484/ 
risk factors for, 4846 
risk of, 48 5 /

Hypercalcemia, 912-914
differential diagnosis of, 912-913, 9136 
hyperparathyroidism and, 912 
parathyroid cancer and, 912 
therapy for, 913-914 

Hypercapnia, on fetal breathing, 472 
Hypercoagulability, 45-46 
Hyperemesis gravidarum (HG), 114 

in acute intermittent porphyria, 1006 
diagnosis of, 1000 
in gastrointestinal disorders, 1019 
hepatic involvement in, 1007 
transient hyperthyroidism of, 918-920, 

919/
Hyperestrogenemia, 999 
Hyperglycemia

with P-mimetic tocolytics, 637 
maternal-fetal, in diabetes mellitus, 872 
postprandial, maternal, 56 
teratogenic, 872-873 

Hyperglycemia and Adverse Pregnancy 
Outcome (HAPO), 879 

Hyperhidrosis, 1076*, 1078 
Hyperinsulinemia

fetal, in diabetes mellitus, 872 
hypoglycemia from, 874 
maternal, 56 

Hyperinsulinemic-euglycemic clamp, 871 
Hyperkalemia, acute renal failure and, 

854-855

Hyperoxygenation, for intrauterine growth 
restriction, 753-754 

Hyperparathyroidism, 911-912 
Hyperphosphatemia, in growth-restricted 

infants, 765 
Hyperpigmentation, 1075, 1076* 
Hyperprolactinemia, 938 
Hypertension, 662

as abruptio placenta risk factor, 397-398 
in adolescents who were LBW  infants, 96 
chronic, 696-701, 696*

antihypertensive therapy for 
goals of, 697-698 
safety of, 698-699 

classification of, 696-697, 697/ 
definition of, 663, 696, 696/ 
diagnosis of, 696, 69 6 / 
etiology of, 696-697 
hypertensive emergencies in, 701-702 
incidence of, 696 
management of, 699-701 

antepartum, 699/ 
drugs used, 700* 
evaluation and classification of,

699-701, 69 9 / 
high-risk, 700-701 
low-risk, 700 
postpartum, 701 

maternal and perinatal risks of, 697 
with superimposed preeclampsia,

663
chronic renal disease and, 856 
definitions of, 662-664 
diabetic nephropathy and, 876 
eclampsia, 689-695 
encephalopathy and, 701-702 

treatment of, 702 
and fetal mortality, 223-224 
gestational

criteria for, 6636 
definition of, 662 
incidence of, 663-664 
preeclampsia and, 681, 681* 
pregnancy outcome, 664* 
progression of, 66 3 / 

in glomerular disease, 854 
idiopathic intracranial, 1049 
persistent pulmonary, 488 
portal, 1006-1007 
preeclampsia, 664-689 
in primary hyperaldosteronism, 943 
pulmonary

in heart disease, 822 
from indomethacin tocolysis, 635-636 
persistent, from SSRIs, 143 

severe, 662 
Hypertensive disorders, 661-705 

clinical findings of, 662* 
in pregnancy, 984 

Hyperthermia, w ith epidural analgesia, 358 
Hyperthyroidism, 55, 918, 9196 

fetal, 925-926, 9256 
gestational, 918
in Graves disease, 920-924, 9206, 920* 

postpartum thyroiditis and, 934 
neonatal, 926 
panic attacks and, 1161 
pregnancy from, 585

Hyperthyroidism (C o n t in u e d )

transient, o f hyperemesis gravidarum 
(HG), 918-920, 919/ 

treatment of, 922, 922/
Hypertonic dysfunction, 274 
Hypertriglyceridemia, 1002-1003 
Hypertrophic cardiomyopathy, 822

from maternal betamethasone treatment,
91

Hyperventilation, maternal, 47 
Hyperviscosity, neonatal, 486* 
Hypocalcemia

in growth-restricted infants, 765 
hyperparathyroidism and, 911-912 
neonatal, 874-875, 912 
symptoms of, 914 

Hypofibrinogenemia, and abruptio placenta, 
398

Hypogastric artery ligation, 437, 437f  

Hypogastric nerve, 1 2 2 4 .fl4 /
Hypoglycemia

in diabetes mellitus, 874 
fasting, maternal, 56 
in growth-restricted infants, 765 
in late preterm infant, 496 
neonatal, 482-483, 4836, 874 

w ith P-mimetic tocolytics, 637 
maternal glycemia level and, 880/ 

nocturnal, 883 
Hypokalemia, w ith P-mimetic tocolytics, 

637 
Hyponatremia

in growth-restricted infants, 765 
from oxytocin use, 276 

Hypoparathyroidism, 914 
Hypophysitis, lymphocytic, 941 
Hypopituitarism, 940 
Hypoplastic left heart syndrome, 187, 487, 

1 9 ,7 .e l f

Hypoplastic pulmonary artery, 187.f3f  

Hypotension
from local anesthetics, 352-353 
maternal, correct, as conservative 

corrective measure, 332 
orthostatic, in hemorrhage, 396 
from oxytocin use, 276 
supine, 230
o f supine women, 40-41 
treatment of, 352 

Hypothalamic-pituitary-adrenal (HPA) axis 
fetal programming and, 93 
maternal stress-mediated effects on fetal 

development and, 92-93 
Hypothalamus, appetite regulation by, 88 
Hypothermia

birth asphyxia and, 478 
in growth-restricted infants, 766 
and transfusion, 420 

Hypothyroidism, 926-931 
central, neonatal, 926 
classification of, 927-929 
clinical, 928 
etiology of, 927-929 
euthyroid chronic or Hashimoto 

thyroiditis and, 930-931 
isolated hypothyroxinemia and, 928-929 
maternal, 55 
puerperal, 502
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Hypothyroidism (C o n t in u e d )  

subclinical, 927-928 
treatment of, 931 

Hypothyroxinemia, isolated, 928-929 
Hypotonic dysfunction, 274 
Hypovolemia, maternal response to, 566 
Hypoxemia

decelerations as indicator of, late 
decelerations, 324, 325f

fetal
fetal adaptation to, 227 
fetal movements in, 227 
in growth-restricted fetuses, 745 

fetal breathing patterns, effect on, 36 
respiratory distress, neonatal, 488 

Hypoxia
in cytotrophoblast proliferation, 10-11 
on fetal breathing, 472 
liver oxygen uptake and, 35 
prenatal, cardiovascular disease and,

91-92 
Hypoxia, fetal, 315

and acidemia, 315-316 
in diabetes mellitus, 872 
and fetal death, 309 
and metabolic acidosis, 31 1 /

Hypoxic injury, prediction and prevention 
of, as lim itation o f fetal heart rate 
monitoring, 339 

Hypoxic-ischemic encephalopathy (HIE), 
429, 448 

Hysterectomy
blood loss w ith  cesarean, 44 
“clamp-cut-drop” technique, 410-411, 

41 1 /
for placenta accreta, 404, 456, 458, 

462-464 
in placental abruption, 400 
single-layer closure of, as uterine rupture 

risk factor, 416 
for sterilization, 512-513 
for uterine atony, 410-411 
in uterine rupture, 444, 448, 574 

Hytten’s model, o f energy cost o f pregnancy,
871

I
ICDs. S ee  Implantable cardioverter- 

defibrillators (ICDs)
Idarubicin, antitumor antibiotics, 1059 
Idiopathic generalized epilepsies, 1031 
Idiopathic infertility, thyroid autoimmunity 

in, 931
Idiopathic intracranial hypertension, 1049 
Idiopathic thrombocytopenic purpura (ITP), 

486
IGFBPs (insulin-like growth factor binding 

proteins), 28 
Iliac artery

common, 1224. f l l /  
external, 1 2 2 4 .f l l /

Iliac artery, common, 1 2 2 4 .f l l/
Iliac crest, 1 2 2 4 .fl/
Iliac nodes

external, 1 2 2 4 .fl3 / 
internal, 1224.fl 3 /

Iliac spine, anterior superior, 1 2 2 4 .fl/
Iliac vein, external, 1 2 2 4 .f l l/

Iliacus, 1 2 2 4 .f l l/
Iliococcygeal ligament, 1224.f2/ 
Iliococcygeus, 1224.f2/1224.f3 / 1224.f l l /  
Ilioinguinal nerves, 1224.f 7 /
Iliolumbar artery, 1 2 2 4 .f l l/
Ilium, 1 2 2 4 .fl/
Imaging, in pregnancy, 551-552 

ionizing radiation, 551-552 
magnetic resonance imaging, 552 
radiocontrast, 552 
ultrasound, 552 

Imatinib
for chronic leukemia, 1064 
fetal effects of, 1059 

Imipenem-cilastatin, for pelvic abscess, 1142 
Imipramine, fetal effects of, 142 
Immune defects, 73?
Immune function

in developmental programming, 94-95 
exposure to microbials and, 94 
maternal allergy and, 94 
maternal stress and, 94 

normal values in pregnancy, 1218? 
Immune system. S ee a lso  Maternal-fetal 

immunology 
adaptive, 6 7 / 71-72 
fetal, 73-74 
innate, 6 6 / 
overview of, 65 

Immune thrombocytopenic purpura, 948 
therapy of, 950-951 

Immunity, postpartum, 502-503 
Immunization

for pneumonia, 831 
in preconception health counseling,

107-108
for varicella pneumonia, 832-833 

Immunoglobulin A  (IgA), 72 
in breast milk, 527-528 
fetal expression of, 74 

Immunoglobulin E, in maternal stress and 
cord blood level, 94 

Immunoglobulin G (IgG), 72 
fetal expression of, 74 
head circumference at birth marked by,

95
placental crossing of, 16 

Immunoglobulin M  (IgM), 72 
fetal expression of, 74 

Immunoglobulins, 71 
in breast milk, 527-528 
fetal expression of, 74 
structure of, 7 2 /

Immunosuppressants, fetal effects of,
144-145

Impaired glucose tolerance (IGT), 878 
Impetigo herpetiformis, 1079-1080, 1080/ 
Implantable cardioverter-defibrillators

(ICDs), 822 
Implantation, endometrial thickening for, 8 
Imprinted genes, fetal growth and, 29 
Improving global maternal health, 

1196-1212 
In vitro fertilization (IVF) pregnancies, 

preterm birth risk with, 623 
Incontinence, postpartum, 506-507 
Indigestion, 132 
Indirect Coombs test, 776

Indirect obstetric deaths, 1198 
Indoleamine 2,3-dioxygenase (IDO ), 

tryptophan depletion by, 75 
Indomethacin

fetal effects of, 149, 635-636 
for tocolysis, 635 

protocol, 636 
Induced abortion, sexual and reproductive 

health, 1203-1204 
Induction-to-delivery (I-D) interval, 362 
Infant deaths, 616-617, 61 8 / S ee  a lso  

Perinatal mortality 
Infant feeding, neonatal nutrition, 481-482, 

482?
Infant Formula Act, 526 
Infant growth, m ilk transfer and, 540-541 
Infant morbidity, in prolonged second stage 

o f labor, 275 
Infant mortality

in preterm birth, 616-618, 618/ 
rate, 616-617 

Infantile polycystic kidney disease, 188, 
1 8 8 .f l/

Infarction
hepatic, 678, 678/ 
myocardial, 820-821, 820? 
in Sheehan syndrome, 941 

Infections
breastfeeding in, 527, 529? 
early-onset, neonatal, 487, 48 7 /4 8 8 / 
intrauterine, and preterm birth, 625-626 

as chronic process, 626 
fetal inflammatory response syndrome,

626 
frequency, 626
gene-environment interactions, 626 

intrauterine growth restriction and, 740 
maternal and perinatal, 1089-1098 
postcesarean delivery, as uterine rupture 

risk factor, 416 
postpartum, 507
in preconception health counseling,

107-108 
pregnancy loss from, 586 
w ith premature rupture o f the 

membranes, 648 
preterm birth and, 620 
preterm labor and, 77 
during regional anesthesia, 355 
as risk o f fetal monitoring, 338-339 
testing for, 630
o f uterus, as uterine atony risk factor, 406 

Inferior fascia, 1224.f3/1224.f5/
Inferior rectal nerve, 1224.f7/
Inferior rectal vessels, 1224.f7f  

Inferior vena cava filters, 976 
Inferior vesicle artery, 1224.f l  2 /  
Inflammation

chronic low-grade, in pregnancy, 865 
normal values in pregnancy, 1218? 
PPARy modulation of, 90 
preterm labor and, 77 
response reduction in LBW, 94 

Inflammatory bowel disease, 1024-1025, 
1025?

Influenza, 1113-1114
antigenic shift/antigenic drift, 1113 
clinical manifestations of, 1113
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Influenza (C o n t in u e d )  

diagnosis of, 1113 
epidemiology of, 1113 
management of, 1113-1114, 1114* 
risk factors for severe illness, 11146 
subtypes of, 1113 
vaccination of, 1113 
virology of, 1113 

Influenza A, 829, 831-832
pandemic 2009 influenza A  (H1N1), 832 

Informed consent, 1193
for gastrointestinal disorders, 1018-1019 
for hepatic disorders, 1002 

Infundibulopelvic ligament, 1224.el0f  

Inhaled (32-agonists, for asthma, 840-841 
Inherited thrombophilias, 968, 9691 

Inhibin A (IN H A), Down syndrome and, 
200

Injectable contraception, o f pregnancy 
prevention, 510 

Injuries
birth, fetal, 478-480, 479* 
maternal trauma and, 567-569 

fetal, direct, 569 
fractures as, 567-568, 568/ 
penetrating trauma, 568 
thermal, 568 

Innate immune system
antimicrobial peptides in, 68 
chemokines in, 70 
complement system in, 69 
cytokines in, 69-70 
first line o f host defense and, 65-70 
macrophages in, 68 
natural killer cells in, 68 
overview of, 65, 6 6 / 
toll-like receptors in, 68-69, 6 9 / 

Inspiratory reserve volume (IRV), maternal, 
4 7 /

Institute o f Medicine (IO M )
T o  E r r  is H u m a n ,  1174
in weight gain in pregnancy, 724, 724*
weight gain recommendations of,

123-124 
Insufficiency, adrenal, 942-943 
Insufflation pressures, 554 
Insulin

developmental functions of, 90 
for diabetes mellitus, preparations in, 

882-883, 882* 
fetal growth, role in, 28 
fetal secretion of, 28 
glargine, 883 
in SGA infants, 90 
therapy

introduction of, 863 
for type 2 diabetes, 881-882 

Insulin receptor substrate 1 (IRS1), 868-869 
Insulin resistance

from betamethasone exposure, 90 
pancreatic programming and, 90 

Insulin sensitivity, in diabetes mellitus, 863, 
864/

P-cell response and, 868, 869/ 
gestational, 867-868, 868/ 
peripheral, 864-865, 865f  

type 1, 867 
Insulin sensitivity index, 864-865, 8 6 8 /86 9 /

Insulin-dependent diabetes mellitus
(ID D M ), 871-872. S ee a lso  Diabetes 
mellitus, type 1 

Insulin-like growth factor binding proteins 
(IGFBPs), 28 

Insulin-like growth factor-I (IGF-I) 
effects on growth hormone secretion,

938
fetal size and, 28 
in placental development, 14 
placental growth hormone effects on,

22
retinopathy o f prematurity, 495-496 

Insulin-like growth factor-II (IGF-II), in 
placental development, 14 

Insulin-signaling cascade, in skeletal muscle, 
868-869, 869/

Intelligence, cocaine exposure and, 92 
Intelligence quotient (IQ) 

in monosomy X, 198 
in polysomy X, 198 

Intensive care, neonatal, outcome of, 
495-496, 49 5 /

Interconception care, 103
components of, 117-118, 117* 

Interconception Care Period (ICCP), 
117-118 

Interconception health, 103 
Interferon-alfa, for chronic leukemia, 1064 
Interferon-P, for multiple sclerosis, 1043 
Interferon-y (IFN-y) 

helper T-cells and, 73 
lower response in allergic mothers, 94 
natural killer cells and, 68 

Interferon-y release assays (IGRAs), 834-835 
Interleukin-6 (IL-6), insulin resistance and, 

865
Interleukins, helper T-cells and, 73 
Internal iliac artery, 1224.cl0/ 1224.^12/ 
Internal os, 1224.S f  

Internal pudendal artery, 1224.e \ 2 f  

Internal rotation, o f fetus, 253-255 
Internal uterine pressure catheter (IUPC), 

249
International Association o f Diabetes and 

Pregnancy Study Group (LADPSG), 
879, 880*

International Federation o f Obstetricians 
and Gynecologists (FIGO), 1201 

Interpersonal psychotherapy, 1151 
Interstitial trophoblast, 6 
Intervillous space, 3, 3 /  

blood flow in, 314 
oxygen concentration in, 6 
PaO2 of, 314, 314/ 
pressure in, 6-7
syncytiotrophoblast as endothelium of, 9 

Intestinal obstruction, 1022-1023 
Intestinal pseudoobstruction, 1023 
Intestines, maternal, 53 
Intimate partner violence (IPV)

in preconception health counseling, 109 
trauma and, in pregnancy, 567 

Intraabdominal pressure, in laparoscopy, in 
pregnancy, 554 

Intracranial hemorrhage 
birth injuries and, 479 
w ith operative vaginal delivery, 301

Intracytoplasmic sperm injection (ICSI), 
assisted reproduction technology (ART) 
and, 203 

Intrahepatic cholestasis 
and fetal mortality, 224 
o f pregnancy (ICP), 1082, 1086 

Intramembranous absorption, in amniotic 
fluid removal, 789-790, 7 8 9 /7 9 0 / 

Intramuscular 17-hydroxyprogesterone 
caproate, in multiple gestations, 725 

Intraocular pressure, maternal, 59 
Intraoperative complications, o f cesarean 

delivery, 436-437 
Intrapartum deaths, 221-222 
Intraperitoneal fetal transfusion (IPT), 771 
Intrauterine adhesions (synechiae), 

pregnancy loss from, 585 
Intrauterine devices (IUDs), 509, 509*, 815, 

1202
Intrauterine fetal demise (IUFD) o f one 

twin, 713-715, 71 4 /
Intrauterine growth curves, for weight, 490, 

4 9 2 /
Intrauterine growth restriction (IUGR), 173, 

180-181, 737-769. S ee  a lso  Fetal 
growth restriction (FGR) 

assessment o f fetal well-being, 754-762 
amniotic fluid volume, 755-756 
anticipating progression to fetal

compromise, 759-762, 7 6 0 /7 6 3 / 
biophysical parameters, 756 
Doppler ultrasound, 756-759, 

75 7 /7 5 9 / 
fetal heart rate analysis, 755 
integrated fetal testing, 761-762 
invasive fetal testing, 759 
maternal monitoring o f fetal activity, 

755
chromosomal abnormalities and,

749-750, 751* 
in congenital rubella syndrome,

1117-1118 
delivery and, 764-765 

tim ing of, 762-764 
diagnostic tools in, 745-750

amniotic flu id assessment, 747-748 
Doppler velocimetry, 748-749, 

74 9 /7 5 1 / 
fetal anatomic survey, 747 
fetal biometry, 745-747

abdominal circumference, 746 
biparietal diameter, 745 
femur length, 746 
growth chart in  asymmetric IUGR, 

74 6 /
growth chart in symmetric IUGR, 

74 6 /
head and abdominal circumference 

(HC /AC ratio), 746 
head circumference, 745 
sonographically estimated fetal 

weight, 745 
transcerebellar diameter, 745 

integrated approach, 75 2 / 
invasive testing, 749-750 
reference ranges, 747 

discordant growth in multiple gestations 
and, 727
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Intrauterine growth restriction (IUGR)
(C o n t in u e d )  

etiologies of, 740-741, 7406 
fetal impacts of, 741-745 

behavioral responses, 743 
cardiovascular responses, 743 
CNS response, 745 
endocrine manifestations, 742 
hematologic responses, 742 
metabolic manifestations, 741-742 

fetal mortality in, 221, 225 
management of, 753-754 

aspirin, low-dose, 754 
corticosteroids, 754 
elimination o f contributors, 753 
maternal hyperalimentation, 754 
maternal hyperoxygenation, 753-754 
maternal volume expansion, 754 

maternal impacts of, 741 
oligohydramnios in, 790 
outcomes in, 765-766 

long-term, 766 
short-term, 765-766 

placental nutrient supply and, 19 
ponderal index and, 739, 746 
selective, 740-741 
spiral artery conversion and, 7 
in systemic lupus erythematosus, 984 

Intrauterine infection, and preterm birth, 
625-626 

as chronic process, 626 
fetal inflammatory response syndrome, 626 
frequency, 626
gene-environment interactions, 626 

Intrauterine pressure catheter (IUPC), 310 
use in protraction disorders, 273-274 

Intrauterine tamponade balloon, 408-409, 
4 0 8 /4 0 9 /

Intrauterine transfusion, 778-780 
complications and outcome, 780 
neonatal transfusions, 780 
neurologic outcome, 780 
technique, 778-780 

Intravascular fetal transfusion (IVT), 771 
Intravenous fluid administration, as

conservative corrective measure, 331 
Intravenous immune globulin (IVIG ), for 

immune thrombocytopenia purpura,
951

Intraventricular hemorrhage (IVH) 
antenatal corticosteroids for, 630-631 
from indomethacin tocolysis, 636 
neonatal, 490, 490?
in premature rupture o f the membranes,

654
in preterm infants, 618 

Intubation, 362-363, 363/ 
extubation, 364 
failed, 363

algorithm for management of,
362-363, 363/ 

laryngoscopy for, 475, 47 7 / 
in obese patients, 560 

Inu lin  clearance, in pregnancy, 49 
Invasive cardiac monitoring, normal values 

for, 1214*
Invasive mole (chorioadenoma destruens), 

1072

Inversions, 584 
Involution, postpartum 

bone loss, 503-504 
cardiovascular system, 502-503 
cervix, 501 
coagulation, 502-503 
fallopiarejtube, 501 
hair growth, 503-504 
immunity, 502-503 
ovarian function, 501 
puerperium, management of, 504-505 
renal function, 503 
thyroid function, 502 
urinary tract, 503 
uterus, 499-501, 501/ 
weight loss, 501-502 

Iodide
fetal effects of, 145, 146/ 
maternal, 54 

Iodine
deficiency in, cretinism due to, 86 
radioactive, fetal effects of, 144 

IO M . See Institute o f Medicine (IO M ) 
Ionizing radiation 

for cancer, 1059
in diagnostic imaging, maternal trauma, 

572, 572* 
exposure to, 155-156 

acute, 155
mutagenesis from, 156 

in pregnancy, 551-552 
Ions, placental transport of, 19 
Iron

in breast milk, 528-529 
deficiency

anemia, 952-955, 9526 
megaloblastic anemia and, 955 

dextran, 954, 954* 
metabolism, during pregnancy, 44-45 
normal values in pregnancy, 1216* 
parenteral, 954, 954*
RBC mass increase with supplementation 

of, 44 
requirements

during pregnancy, 44-45 
o f pregnancy, 952, 953* 

supplementation, 130-131, 131*
Iron deficiency anemia, 130, 566
Irritable bowel syndrome, 1026
IRV (inspiratory reserve volume), maternal,

4 7 /
Irving forceps, 291 
Irving procedure, modified, for tubal 

sterilization, 440, 44 0 /
Ischemia 

renal, 854
uteroplacental, 626-627 

Ischemic stroke, 1050-1051 
Ischial spine, 1224.e2/
Ischiocavernosus muscle, 1224.e 5 f  

Ischiorectal fossa, 1224.f5/1224.e6/ 
Ischium, 1 2 2 4 .fl/
Isolated hypothyroxinemia, 928-929 
Isolette, newborn nursery, 480 
Isoniazid

in breast milk, 154 
for tuberculosis, 834, 836 

Isoproterenol, fetal effects of, 145

Isotretinoin, fetal effects of, 141-142, 141/ 
Isthmus, 1 2 24 .fl6 /
IU D  (Intrauterine device), 815 
IUFD. See  Intrauterine fetal demise (IUFD) 

o f one twin 
IUGR. See Intrauterine growth restriction 

(IUGR)
IUPC (internal uterine pressure catheter),

249
IV H . See Intraventricular hemorrhage (IVH) 
IV T  (Intravascular fetal transfusion), 771

J
Ja co b s o n  v. M a ssa ch u se tts , 1186 
Jaundice

from indomethacin tocolysis, 636 
in late preterm infant, 496 
maternal, 999
neonatal, 483-486, 484b , 48 4 / 
neonatal, breastfeeding and, 541 

Jejunal atresia, 187.f4/
Joel-Cohen incision, for cesarean delivery, 

431-432 
Jugular venous pulse, 806

K
Kanamycin, fetal effects of, 147 
Kangaroo care, 494, 523, 529 
Karyotype

analysis, 1190
in partial hydatidiform mole, 1072, 1072/ 
preterm labor and, 630 

Kegel, 507
Kell antigen system, 782 
Kernicterus, 484-486, 541 
Kerr, John M artin Munro, 426 
Ketamine, for induction o f general 

anesthesia, 362 
Ketoacidosis, in diabetes mellitus, 884,

8856, 886/
Ketoconazole, in breast milk, 154 
Kidd antigen system, 782 
Kidney

enlargement of, during pregnancy, 49 
fetal, 33-34
renal agenesis, 187-188, 187.f4/ 
renal function

normal values in pregnancy, 1216* 
postpartum, 503 

transplant, 877
ultrasound screening for anomalies in, 

187-188 
Kielland, Christian, 293 
Kielland forceps, 292f  293-294, 297 
K iw i vacuum extraction device, 294, 295/ 
K le b s ie l la  p n e u m o n ia e

acute pyelonephritis, 1134-1135 
asymptomatic bacteriuria and acute 

cystitis, 1133 
puerperal endometritis, 1137 
septic shock, 1141 

Kleihauer-Betke (KB) stain, 773 
Kleihauer-Betke technique, 486 
Kleihauer-Betke (KB) test, 571 
Klinefelter syndrome, 198 
Klumpke paralysis, 479 
Kobayashi style funnel-shaped Silastic cup, 

294
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Koplik spots, 1115 
Korotkoff sound, 41 
KY Jelly, 505

L
L/S (lecithin-to-sphingomyelin) ratio, 240 
Labetalol

for eclampsia, 695 
for HELLP syndrome, 676 
for hypertension, 698 
for hypertension-eclampsia, 694 
for hypertension-preeclampsia, 684, 686 

Labial nerves, 122A . e l f  

posterior, 122 A . e l f  

Labial vessels, posterior, \ 2 2 A . e l f  

Labium majus, \ 2 2 A .e \ 2 f  

Labium minus, 1224.f5f  1224.el 2f  

Labor
abnormal at term, 271-276, 2 1 2 f  

anesthesia-associated prolongation, 
275-276

disorders o f active phase, 273-274 
arrest o f labor, 273 
electromechanical classification of, 

274
protraction disorders, 273-274 

disorders o f latent phase, 272-273 
disorders o f second stage, 274-275 
disorders o f third stage, 275 
management of, 276 
pharmacologic augmentation, 276 

active management of, 260 
analgesia, 347-358, 347f, 535 

blocks, complications of, 350-356 
allergy to local anesthetics, 354 
back pain, 356 
breastfeeding issues, 356 
effect of, on labor and method o f 

delivery, 356-358 
fever, 357-358
high spinal (total spinal) anesthesia, 

354
hypotension, 352-353 
local anesthetic toxicity, 353-354 
nerve injury, 354-355 
progress o f labor, 357 
spinal headache, 355-356 
and study design, 356-357 

epidural, 347, 34 7 / 351/ 
complications, 350-356 
continuous, 350 
lumbar, 350, 35 1 /3 5 2 / 
segmental, 350, 352/ 

neuraxial techniques, 350-358 
complications o f blocks, 350-356 
lumbar epidural, 350, 35 1 /35 2 / 
paracervical block, 358, 358/ 

nonpharmacologic techniques, 
347-348, 348f 

placental transfer, 349-350, 3496 
procedures used, according to size o f 

delivery service, 347f 
psychoprophylaxis, 347-348 
sedatives, 349 
systemic opioid, 348-349 

fentanyl, 349 
meperidine, 348 
nalbuphine (Nubain), 348-349

Labor (C o n t in u e d )

patient-controlled, 348 
remifentanil, 349 

anesthesia
for cesarean delivery, 359-365, 3616 

aspiration and aspiration prophylaxis 
in, 359-361 

premedication in, 359 
effects of, on labor progress, 275-276 
for vaginal delivery, 358-359 

cardinal movements in, 253-255, 25 6 / 
descent, 253, 25 6 / 
engagement, 253, 25 6 /2 5 7 / 
expulsion, 255 
extension, 255 
external rotation, 255 
flexion, 253
internal rotation, 253-255 

cardiovascular effects of, maternal, 42-43, 
4 3 /

in compound presentation, 375-376 
definition of, 246-249, 271 
diagnosis of, 271 
fear of, 1160
fetal participation in onset of, 625 
fetus in, 249-251 

attitude, 250-251 
fetal lie, 249, 25 0 / 
fetal size, 249 
position of, 2 5 0 /2 5 1 / 251 
presentation of, 249-250, 25 1 / 
presenting diameter, 250-251, 25 0 / 
station of, 251, 252f  

functional divisions of, 271-272 
glucoregulation during, 888-889 
heart disease

in mitral regurgitation, 811 
in mitral stenosis, 810 
prophylactic antibiotics for, 808 b  

standard cardiac care for, 807-808, 
8086

induced, as uterine rupture risk factor,
416 

induction
alternative methods for, 284-285, 284f 
cervical ripening, 280, 280f 
elective, 278-279 

costs of, 279
neonatal morbidity, 279, 279f 
rate of, 278 
risks of, 279
success of, prediction of, 279-280 

failed, 280-281 
midtrimester, 285, 286f 
success, prediction o f

Bishop score, modified, 279-280, 
2 1 9 t

fetal fibronectin concentration, 
elevated, 280 

sonographic length measurements, 
280

techniques for, 281-285 
mifepristone, 285 
oxytocin, 281-283 
prostaglandins, 283-284 
stripping or sweeping, o f fetal 

membranes, 285 
transcervical balloon catheter, 285

Labor (C o n t in u e d )  

induction of, 276-281
and cervical parameters at term, 266 
contraindications, 276-277, 2 1 1 t  

defined, 276 
evaluation before, 2771 

indications for, 276-277, 2 l i t  

as uterine atony risk factor, 406 
induction of, in postterm pregnancy,

800
initiation of, role o f fetus in, 247, 24 8 / 
maternal ambulation, effect of, 259-260 
maternal complications w ith trial o f labor 

after previous cesarean birth, 2 1 1 1 

maternal hemodynamics during, 804 
mechanics of, 249-253 

fetus and, 249-251, 2 5 0 /2 5 2 / 
and maternal pelvis, 251-253, 252/

2521, 25 4 / 
uterine activity, 249 

mechanisms o f
in breech presentation, 376-381 
in face presentation, 372-373, 37 3 / 

in multiple sclerosis, 1045-1046 
normal, 246-270

intervention affecting outcomes of, 
259-260

progression of, 255-261, 259f, 272, 
272/

oligohydramnios in, 791-792 
pain

anesthesia
for cesarean delivery, 359-365, 3616 
for instrumented vaginal delivery, 

358-359 
effects of, 346-347, 346/ 
pain pathways during, 344-345, 34 5 / 

parturition cascade, 24 8 / 
pharmacologic augmentation, 276 

oxytocin, 276 
side effects, 276 

hypotension, 276 
uterine overactivity, 276 
uterine rupture, 276 
water intoxication, 276 

phases of, 246-247, 24 7 / 259, 271-272 
physiology of, 246-249, 247^248/ 
progress, w ith epidural analgesia, 357 
progression

labor graph, 257, 25 8 / 
normal, 255-261, 25 8 / 259f, 272, 

27 2 / 273t  

second stage o f labor, 260-261 
prolonged

birth injuries with, 478-479 
in brow presentation, 374 
in face presentation, 373 
as uterine atony risk factor, 406 

prolonged pregnancy, 277-278 
elective induction, 278-279 

protraction of, in compound presentation,
375-376

rapid, as uterine inversion risk factor,
417

stages of, 257, 271-272 
at term, 2 1 3 t  

ultrasound in, 265-266 
o f women w ith epilepsy, 1040
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Laboratory evaluation/testing 
in eating disorders, 11626 
for hepatic disorders, 999, 9996 
in prenatal care, 112 
in trauma, in pregnancy, 571 

Laboratory findings
in abruptio placenta, 398 
in placenta accreta, 404 

Laboratory values, in pregnancy, 551 
Lacosamide, teratogenic effects of, 1036 
Lactate, determination of, and fetal status 

evaluation, 333-334 
Lactate dehydrogenase (LD H) 

in HELLP syndrome, 671 
maternal levels of, 53-54 

Lactation, 517-548
back-to-work issues, 544-545
breast abscess, 539-540
breast anatomic abnormalities of,

533-535, 534/ 
previous breast surgeries, 534-535 

breast anatomy and development,
518-519, 520/ 

breast and nipple pain, 538-539 
breast cancer and, 1062 
breast masses during, 543-544 
breast milk, 526-531

cognitive development, 527 
composition of, 526-531 
cost effective of, 530, 530* 
drugs in, 543
metabolic competence, 526 
mother-infant bonding, 529 
responses to infection and reduces 

allergic disease, 527, 528/ 
somatic growth, 526, 527* 

breast m ilk expression, 536-537 
contraception, 545 
drugs and environmental agents in,

136-159 
electric breast pump, 5376 
galactogogues, 541-542 
hormonal contraception and, 510-511 
incidence of, 517, 518/ 
infant growth, 540-541 
jaundice, in newborn, 541 
management of, 533 

resources for, 533* 
mastitis, 539-540 
maternal disease, 542-543
maternal nutrition and exercise during,

537-538 
m ilk transfer, 523-526 

football hold, 525, 525/ 
latch-on, 523, 524/ 
mechanics o f nursing, 524-525, 525/ 
side-lying nursing, 525, 525/ 

obstetrician and gynecologist, role of,
531-533, 531* 

ovarian function in, 501 
physiology of, 519-526

endocrinology o f lactogenesis, 521-523, 
522/

m ilk transfer, 523-526, 524f  526/ 
stages o f lactogenesis, 521 

steps to successful, 531-532, 5326 
Lactation inhibitory factor, 521 
Lactiferous ducts, 519, 520/

Lactobacillus crispatus, 60 
Lactobacillus jensenii, 60 
Lactobacillus johnsonii, 60 
Lactoferrin, 528-529 
Lactogenesis

endocrinology of, 521-523, 522/ 
stages of, 521 

Lambda pattern, 328 
Lambda sign, 171 
Lamellar body count, 241 
Lamivudine, fetal effects of, 148 
Lamivudine (3TC), for hepatitis B virus 

(HBV), 1122 
Lamotrigine

for bipolar disorder, 1158-1159 
childbearing age and, 1038 
fetal effects of, 141
teratogenic effects of, 1032, 1034-1035 

Lanreotide, for acromegaly, 939 
Laparoscopic cholecystectomy, for acute 

pancreatitis, 1002-1003 
Laparoscopy, 554-556 

for adnexal masses, 560 
appendectomy, 555, 556/ 
entry techniques in, 554-555 
guidelines for, from SAGES, 554-555, 

5556
intraabdominal pressure, 554 
pneumoperitoneum from, 554 
pregnancy outcome, 555-556 
safety of, 554-555 

Laparotomy, for uterine rupture, 416 
LaPlace law, 469, 470/
Large for gestational age (LGA), 616 

defined, 738-739 
hypoglycemia in, 482-483 
infants

cesarean delivery of, 83 
cesarean delivery risk and maternal 

weight gain in, 125/ 
leptin levels in, 88 
maternal obesity and, 87 
pancreatic p-cell numbers in, 90 

neonates, lip id levels in cord blood, 870 
polycythemia, 486 

Large ventricular septal defect, 187.^2/ 
Laryngeal edema, in face presentation, 373 
Laryngoscopy, for endotracheal intubation,

475, 47 7 /
Laser photocoagulation, 877-878 
Laser therapy

outcomes after, 718-719
for tw in-tw in transfusion syndrome,

717-719, 717/
Late component, variable deceleration with,

328-329 
Late maternal deaths, 1198 
Late preterm birth, 641-643, 642f  
Latent phase o f labor 

defined, 271-272 
disorders of, 272-273 
expectant management of, 273 
length of, 272-273, 280 
onset of, 272-273 
“therapeutic rest” during, 273 

Latent tuberculosis infection (LTBI), 834 
LBW. See Low birthweight (LBW)
LD H . See Lactate dehydrogenase (LDH)

Lead, exposure to, 156 
Lecithin-to-sphingomyelin (L/S) ratio, 240 
Leflunomide, for rheumatoid arthritis, 992 
Left uterine displacement, 361 
Legal and ethical issues

abortion politics and “ Obamacare,”
1186-1188 

forced cesarean delivery, 1193-1194 
genetic counseling, screening, and 

prenatal diagnosis, 1189-1193 
human embryonic stem cell research 

funding, 1188-1189 
reproductive liberty, 1183-1186 

Legionella urinary antigen, 830 
Leiden mutation, 46 
Leiomyomas, pregnancy loss from, 586 
Leopold maneuver, 786-787 

and abnormal lie diagnosis, 370 
Sharma modified, 370 

Leptin
fetal manifestations o f placental 

insufficiency, 742 
neuropeptide Y and, 88, 88 / 
placental secretion of, 18-19 
during pregnancy, 22 
programming mechanism of, 88 

Lesser sciatic foramen, 1224.^1/
Let-down reflex, 522-523, 522/ 526, 538, 

542
Leucovorin, in toxoplasmosis, 1144 
Leukemia

acute, 1063-1064
acute lymphoblastic leukemia (ALL),

1063
acute myeloid leukemia (AML), 1063 
acute nonlymphocytic leukemia

(ANLL), 1063-1064 
chronic, 1064

chronic myelocytic leukemia (CML),
1064

from radiation exposure, 156 
Leukemia inhibitory factor, 8-9 
Leukocytes

in breast milk, 527 
maternal, 45 

Leukocytosis, in pregnancy, 551 
Leukomalacia, periventricular, neonatal, 490 
Leukotriene moderators, for asthma, 841 
Levator ani, 1224.^5/1224.^6/ 

tendon and fascia, 1224.^3/
Levetiracetam

childbearing age and, 1038 
teratogenic effects of, 1032, 1035 

Levodopa, for restless legs syndrome, 49 
Levonorgestrel (LNG), in contraception, 509 
LGA. See Large for gestational age (LGA) 
Lidocaine

for paracervical block, 358 
perineal infiltration, 358 
for pudendal nerve block, 358-359 
toxicity, 353
umbilical vein concentration, after 

perineal infiltration, 358, 358*
Lie

abnormal axial, 369-370, 3 6 9 /37 0 / 
o f fetus, 249, 250/ 
normal, 368, 369/ 
transverse (oblique), 369, 36 9 /37 0 /
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Light therapy, for depression, 1153 
Limb reduction defects (LRDs), chorionic 

villus sampling and, 211-212 
Limited cutaneous systemic sclerosis, 993 
Lindane, fetal effects of, 148 
Linea nigra, 1075
Linezolid, CA-MRSA (community-acquired 

methicillin-resistant Staphylococcus 
aureus), 831 

Linkage analysis, 208 
Lipid peroxide, in preeclampsia, 667 
Lipids

maternal, 56-57, 57 / 
metabolism, in diabetes mellitus,

870-871
normal values in pregnancy, 1216* 
placental transport of, 18-19 

Lipogenesis, 89, 89 /
Lipopolysaccharide (LPS), TLR  recognition 

of, 68, 6 9 /
Lipoprotein lipase, 18
Lipoproteins, increase in pregnancy, 56-57
Listeria monocytogenes (listeriosis), 132,

1144, 11446 
regulatory T  cells and, 73 

Lithium
for bipolar disorder, 1156-1158 
in breast milk, 153 
fetal effects of, 142 

Lithotomy, dorsal, 1224.eGf 
Liver

fetal, 34-35 
function tests, 1215* 
hepatocellular tumors, 1069 
maternal, 53-54 
transplantation, 680 

Liver diseases
assessment of, 999 
common, incidental to pregnancy, 

1004-1006 
significantly affected by pregnancy, 

1006-1007 
strongly related to or unique to 

pregnancy, 1007-1009 
Liver transplantation, pregnancy after,

1007
Lobes, placental, 3, 3 /
Lobule, placental, 3, 3 /  9 
Local anesthetics 

allergy to, 354 
hypotension from, 352-353 
maximal recommended doses, 353* 
perineal infiltration of, 358 
for pudendal nerve block, 359 
toxicity of, 353-354

cardiovascular component of, 353 
Lochia, 500 
Lochia alba, 500 
Lochia serosa, 500
Long-acting reversible contraception 

(LARC), o f pregnancy prevention, 
509-510

Long-chain 3-hydroxyacyl coenzyme A 
dehydrogenase (LCHAD), 1008-1009 

Long-chain polyunsaturated fatty acids 
(LCPUFAs), 527 

Longitudinal lie, 249, 250/
Long-term controllers, o f asthma, 839

Loop electrosurgical excision procedure 
(LEEP), as risk factor, for cervical 
insufficiency, 597 

Loose connective tissue, 1224.e3/ 
Lorazepam, for alcohol withdrawal, 1167 
Lordosis, 58 
Low birthweight (LBW) 

defined, 616, 738-739 
frequency of, 616, 617/-618/ 
infants

adult obesity and, 87 
animal models of, 87 
in breech presentation, 384 
conditions associated with

appetite/satiety dysfunction in, 89 
endocrine disorders in, 95 
hypertension in adolescence in, 96 
inflammatory response reduction in,

94
ovarian hyperandrogenism in, 95 
polycystic ovary syndrome (PCOS),

95
coronary heart disease and, 91 
cortisol concentrations in, 93 
insulin resistance in, 90 
metabolic syndrome programming and, 

94
peroxisome proliferator-activated 

receptor gamma (PPARy) 
expression in, 89 

survival of, 83
thrifty  phenotype hypothesis and,

86-87
long-term outcomes in preterm infants, 

618-619 
in multiple gestations, 711 
in neonatal intensive care, 495, 495f  

thermal protection of, 480 
w ith in vitro fertilization pregnancies,

623
Low-density lipoprotein (LDL) 

in diabetes mellitus, 870-871 
increase in pregnancy, 56-57 

Low-molecular-weight heparin (LM W H ), 
974

for cerebral vein thrombosis, 1050 
fetal effects of, 144 

Low transverse (Kerr) incision, 370 
Lower reproductive tract, maternal, 59 
Luikart modification, 291 
Lung development, neonatal, 469-472, 

47 0 /4 7 1 /
Lung disease, restrictive, 843-847 
Lung liquid, in amniotic fluid formation, 

788
Lung volumes, maternal, 47, 4 7 / 47*
Lungs

acute injury to, transfusion-related, 421 
fetal, fluid secretion of, 27 
fetal pulmonary maturation, assessment 

of, antepartum, 240-241 
Lupus flare, in pregnancy, 982-983 
Lupus nephritis, in pregnancy, 983 
Luteal phase defects, pregnancy loss from, 

585
Luteinizing hormone (LH), maternal, 56 
Lymph node, metastasis, 543 
Lymphocytic hypophysitis, 941

Lymphoma, 1062-1063 
Hodgkin lymphoma, 1062-1063, 1062*, 

1063/
non-Hodgkin lymphoma, 1063

M
M. hominis, 626 
M  antibodies, 781
“ M ”-style mushroom vacuum extraction 

device, 294, 294/
Macroadenoma, 938 
Macrophages, 68 
Macrosomia, 182

birth injuries with, 478 
complications o f 

hemorrhage in, 388 
shoulder dystocia, 388 

defined, 249, 738-739 
fetal, in diabetes mellitus, 873-874, 873/ 

874*
fetal abdominal diameter-biparietal

diameter difference (AD-BPD), 388 
as genital tract laceration risk factors, 412 
in postterm pregnancy, 799 
reduced, in elective labor induction, 279 
as uterine inversion risk factor, 417 
as uterine rupture risk factor, 416 

Macular edema, 878 
Magnesium, metabolism of, in diabetes 

mellitus, 874-875 
Magnesium sulfate, 1205-1206 

in breast milk, 153 
for eclampsia, 695 
for eclampsia prevention, 692-693 
for eclamptic seizures, 1040-1041 
for fetal neuroprotection, 632 
for HELLP syndrome, 676 
maternal effects of, 635 
neonatal effects of, 635 
for neuroprotection, 655 
for preeclampsia seizure prevention, 686 
for preterm premature rupture o f 

membranes, 632 
side effects of, 635 
for tocolysis, 635 
treatment protocol in, 632 

Magnesium toxicity, 694, 694/
Magnetic resonance angiography, for 

pulmonary embolism, 971-972 
Magnetic resonance imaging (MRI) 

in abruptio placenta, 398 
breast, 1060, 1068/ 
in  cocaine-exposed children, 92 
for deep venous thrombosis, 970 
in eclampsia, 691, 6916, 69 1 / 
on lymphocytic hypophysitis, 941 
in pelvic abscess, 1140, 1143f  

pelvimetry in breech presentation, 382 
in placenta accreta, 404, 461-462, 46 1 / 

461*
in placenta previa, 402 
in pregnancy, 552 
for prolactinoma, 93 9 / 
safety of, 1000-1001 
in trauma, maternal, 572 

Magnetic resonance spectroscopy, in
methamphetamine exposed children,
92
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Major depressive episode, 1149-1155 
diagnosis of, 1148/ 1149 
D S M -IV  criteria, 11496 
natural history across childbearing, 

1149-1151 
prevalence, 1149 
treatment

during pregnancy, 1151 
prevention o f postpartum, 1154 
recommendations for, 1153-1154 
side effects of, 1151-1153

integrative treatments, 1153-1154 
miscarriage, 1151-1152 
preterm birth and growth effects,

1152
structural malformations, 1152 

Major histocompatibility complex (M H C ),

71
Major outer membrane protein (M OM P), 

1090-1091
M ajority Leader Harry Reid (D -N V), 1187 
Malaria

abortion and, 586 
resource-poor countries and, 1206 

Male fetal gender, as placenta previa risk 
factor, 401 

Malformations
breech presentation with, 376 
congenital, o f antiepileptic drugs, 1033f 
congenital uterine, as uterine inversion 

risk factor, 417 
in diabetes mellitus, 872-873, 872f i  872f 
incidence o f major, 136 
in multiple gestations, 711 
polyhydramnios and, 792 
preterm birth and, 620 
ultrasound diagnosis of, 183-189 
uterine, 620 
vascular, 1051 

Mallampati airway classifications, 553, 553/ 
Malmstrom, Tage, 294 
Malposition, 251 
Malpresentation, 274, 368-394

abnormal axial lie, 369-370, 36 9 /3 7 0 / 
diagnosis of, 370 
perinatal mortality, 370 
and singleton gestation, management 

of, 370, 3826 
breech orientation, cesarean delivery, 427 
breech presentation, 376-382 

acupuncture, 387 
categories of, 376 
cesarean delivery, 380-381, 383 
clinician in, training of, 382 
complete, 376, 381-382 
contemporary management of, 381, 

3826 
diagnosis of, 376 
external cephalic version (ECV), 

385-387, 386/ 
footling, 376, 384 
frank, 376, 37 6 / 381-382 
hyperextended head, 384 
incidence of, 376 
incomplete, 376, 381 
and labor, mechanism and conduct of,

376-381 
moxibustion, 387

Malpresentation (C o n t in u e d )  

preterm breech, 384 
term breech trial, 382-387 
twins, 384-385
and vaginal delivery, mechanism and 

conduct of, 376-381, 3 7 7 /37 8 / 
complications, 381 
complications of, incidence of, 38I f  
Crede maneuver, 379 
episiotomy, 377
hyperextension o f fetal head during, 

384
Mauriceau-Smellie-Veit maneuver,

379, 379/ 
nuchal arm, trapped, 377, 378/ 
Pinard maneuver, 377-378, 

37 8 /37 9 /
Piper forceps in, application of, 379, 

380/
rushed delivery, 377, 378/ 
o f second twin, 385 
Zatuchni-Andros score, 381 

brow presentation, 373-374, 373/ 
frontum anterior, 373, 37 3 /3 7 5 / 
incidence of, 373 
open fetal mouth, 374 
pelvimetry, 374 
perinatal mortality, 373 
prolonged labor, 374 
spontaneous conversion, 374 

clinical circumstances associated with,
368-369, 369/ 

compound, 374-376, 375/ 
defined, 249-250 
deflection attitudes, 371, 371/ 
face presentations, 371-373 

diagnosis of, 371-372, 372/ 
mechanism o f labor in, 372-373, 373/ 
mentum anterior, 372-373, 372/ 
mentum posterior, 371, 372f  

mentum transverse, 372-373, 372/ 
palpation o f maternal abdomen in,

371-372, 372f  

as genital tract laceration risk factors, 412 
incidence of, 369
shoulder dystocia, 387-392, 38 7 / 389/ 

391/
cesarean delivery, 388 
and macrosomia, 388 

transverse (oblique) lie, 369, 3 6 9 /37 0 / 
Mammography, 1060 
Mammoplasty, reduction, 535 
Management decision model, standardized,

329-336, 333/
“ABCD” approach to, 33 0 / 331-332 

assess oxygen pathway in, 331, 33I f  
begin corrective measures as indicated 

in, 331-332 
clear obstacles to rapid delivery, 332 
determine decision-to-delivery time, 

332
conservative corrective measures in, 

331-332 
amnioinfusion in, 332 
correct maternal hypotension, 332 
fetal heart rate tracing reevaluation, 

332
intravenous fluid administration, 331

Management decision model, standardized
(C o n t in u e d )

maternal position changes in, 331 
second-stage pushing and breathing 

technique, altering of, 332 
supplemental oxygen, 331 
uterine activity reduction, 332 

fetal heart rate components, evaluation of,
330-331

initiation o f monitoring in, 329-330 
standard o f care in, 329 

MAP. S ee  Mean arterial pressure (MAP) 
March o f Dimes, 208 
Marfan syndrome, 427, 812, 821, 82I f  
Marker chromosomes, 205-206 
Mask o f pregnancy, 58 
Masses, in chest, ultrasound screening for,

186-187
Massively parallel D N A  shotgun sequencing 

(MPSS), for aneuploidy screening, 201 
Massively parallel genomic sequencing, 1190 
Mast cells, 627
Mastitis, breast abscess and, 539-540 
Maternal age

as abruptio placental risk factor, 397 
as aneuploidy risk, 194 
chromosome abnormalities and, 195-196, 

196f
and fetal mortality, 222, 224/ 
as placenta accreta risk factor, 403-404 
as placenta previa risk factor, 401 
in preconception health counseling,

105-106
prolonged second stage o f labor and, 259, 

261
Maternal care, three delays of, 1200f 
Maternal complications 

in amniocentesis, 210-211 
in fetal blood sampling, 213 

Maternal deaths
in abnormal axial lie, 370 
coincidental, 1198 
direct, 1198 
late, 1198

Maternal exposure, to radiation, 973-974 
Maternal health, 1196-1201

and burden o f death and disability, 
1196-1201 

Maternal indications, in cesarean delivery,
427

Maternal morbidity 
in asthma, 837 
in cesarean delivery, 429 
in compound presentation, 375 
in eclampsia, 692 
in gestational hypertension, 664 
in HELLP syndrome, 674-675 
hemorrhage, 395
in hepatitis E virus (HEV) infection, 

1125 
measles and, 1116 
in multiple gestations, 710-711 
obstetric adverse events and, 1174-1175 
in operative vaginal delivery, 301 

perineal trauma, 299 
urinary incontinence, 299 

perineal injury, 263 
in preeclampsia, 683, 688
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Maternal morbidity (C o n t in u e d )

in premature rupture o f the membranes,
651

in prolonged and postterm pregnancy,
799

in prolonged second stage o f labor, 275 
severe, 1198, 1198* 
social determinants and, 1200 
trauma and, in pregnancy, 565 
in trial o f labor after cesarean delivery,

445-446
with trial o f labor after previous cesarean 

birth, 277* 
in varicella zoster virus, 1125 

Maternal mortality
as complication, o f cesarean delivery, 437 
in eclampsia, 692 
in Eisenmenger syndrome, 818 
hemorrhage, 395
in hypertrophic cardiomyopathy, 822-823 
in Marfan syndrome, 821 
in multiple gestations, 710-711 
in myocardial infarction, 820 
in pneumonia, 828-829 
in preeclampsia, 688 
in pulmonary hypertension, 822 
in sickle cell disease, 957-958 
in trial o f labor after cesarean delivery, 

451-452
Maternal mortality ratio (M MR), 1197 

for United States, 1198 
Maternal outcome 

with eclampsia, 692 
with HELLP syndrome, 675-676 
with preeclampsia, 688 

Maternal physiology, 38-63 
in pregnancy, 550-551 

Maternal postoperative morbidity, as 
complication, o f cesarean delivery,
438-439

Maternal serum alpha-fetoprotein (MSAFP) 
for aneuploidy, 200 
in diabetes mellitus, 886-887 
intrauterine growth restriction and, 752 
for neural tube defects, 200, 209 
unexplained elevated, obstetric 

significance of, 209-210 
Maternal tolerance, o f fetus, 74-78, 76 f  

through dendritic cells and antigen 
presentation, 77 

through human leukocyte antigens, 77 
through regulation o f complement, 

chemokines and cytokines, 77 
through regulation o f maternal B cells, 

75-77
through regulation o f maternal T  cells, 75 

Maternal weight, in aneuploidy screening, 
200

Maternal-fetal immunology, 64-82 
adaptive immunity in, 65, 6 7 / 
in amelioration o f rheumatoid arthritis, 

78-79
fetal immune system in, 73-74 
innate imm unity in, 65, 6 6 / 
maternal tolerance o f fetus and, 74-78 
paradox of, 65
in solid-organ transplantation, 78 
T  cells in, 72-73

Maternal-fetal interface, 75-77, 7 6 / 
Maternal-Fetal Medicine Units (M FM U),

881
Maternal-fetal relationship, in first trimester, 

5-6
Maternal-infant attachment, 507-508 
Maternal-placental-fetal interactions, in 

thyroid diseases, 918 
“ Maternity blues,” 512 
M atrix metalloproteinases (MMPs), 625,

648
Maturity-onset diabetes o f youth (M O DY), 

866
Mauriceau-Smellie-Veit maneuver, 379, 379/ 
Maylard incision, for cesarean delivery, 43 1 / 

432
McDonald cerclage, 601, 60 1 / 607 
M cG ill Obstetric/Neonatal Database 

(M O N D ), 226 
M cG ill Pain Questionnaire, 346 
McRoberts maneuver, for shoulder dystocia, 

389, 390/
Mean arterial pressure (MAP)

hemodynamic management of, 825, 825/ 
hemodynamic monitoring of, 823, 824/ 
maternal

hemodynamics of, 804, 804/ 
increase in labor, 42-43 
RAAS and, 51-52 
values in pregnancy of, 41 

Measles, 1115-1116
clinical manifestations of, 111 5-1116, 

1116/ 
diagnosis of, 1116 
differential diagnosis of, 1116# 
epidemiology of, 1115 
incidence of, 1115
management during pregnancy of, 1116 
vaccine, 1115 
virology of, 1115 

Meclizine, fetal effects of, 145 
Meconium

amnioinfusion for thick, 791-792 
aspiration, 765, 799 

Meconium aspiration syndrome (MAS),
279, 477-478 

Meconium ileus, in cystic fibrosis, 207 
Medical drug use, teratogenicity and,

139-149
Medical risk, in prenatal care, 111-112 
Medications

managing exposure to, in preconception 
health counseling, 110 

pregnancy loss from, 588 
Megaloblastic anemia, 955-956 
Meiosis 

errors in, 195-196 
maternal, errors at, 581-582 

CX-melanocyte-stimulating hormone 
(a-M SH), 35 

Melanocytic nevi, 1081 
Melanoma, 1064-1065, 1064f, 1065/ 

future pregnancy safety and, 1064-1065 
incidence of, 1064 

Melasma, 1075
Membrane anatomy and physiology, fetal,

648
Membrane attack complex (MAC), 69

Membrane cofactor protein, 77 
Membrane stripping, for cervical ripening,

285
Mendelian disorders 

diagnosis of, 206-209 
without known molecular basis, 209 

Meningiomas, 1069 
Meningocele, ultrasound screening for,

185.«2f

Meningomyelocele sac, 188, 188.(4/ 
Menorrhagia, in von Willebrand disease, 

960
Menses, probability o f regular after cancer 

therapy, 1063/
Menstruation, ovarian function in, 501 
Mental health, 1147-1172 
Mental retardation

in congenital rubella syndrome, 
1117-1118 

in fetal alcohol exposure, 1166 
in Klinefelter syndrome, 198 

Mentum anterior face presentation,
372-373, 37 2 /

Mentum posterior, face presentation, 371, 
372/

Mentum transverse face presentation,
372-373, 372/

Meperidine
in breast m ilk, 153 
for labor, 348 

Meprobamate, fetal effects of, 142 
Mercury

exposure, in preconception health 
counseling, 109 

in fish, 156-157 
Meropenem

for pelvic abscess, 1140 
for septic shock, 1142 

Mersilene tape, 601-602, 60 1 / 6 0 3 /6 0 4 / 
Mesenteric ischemia and infarction, 1026 
Mesosalpinx, 1224.^9/1224.^10/ 
Mesovarium, 1224.^9/
Metabolic acidemia, 315-316, 335-336 
Metabolic acidosis, fetal, and hypoxia, 31 1 / 
Metabolic gradients, in placenta, 9 
Metabolic syndrome, LBW  effects on, 

86-87, 94 
Metabolism

body water, 51-52 
breastfeeding in, 526 
calcium, 57-58, 5 7 / 
complications o f P-mimetic tocolytics,

637
fetal

physiology of, 28-29 
hormones in, 28-29 
substrates of, 28 

responses to placental insufficiency, 
741-742 

o f iron in pregnancy, 44-45 
in placental physiology, 13-14 
salt, 51

Metaproterenol, fetal effects of, 145 
Metastasis

in cervical cancer, 1067 
fetal-placental, 1070 

Metformin, gestational weight gain and, 
902-903
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Metform in therapy, for type 2 diabetes, 
881-882 

Methadone, 1169, 11696 
fetal effects of, 151 

Methamphetamine 
cerebral effects of, 92 
in preconception health counseling, 109 
substance use/abuse, 1168 

Methergonovine maleate, for uterine atony,
436-437 

Methimazole, 918 
in breast milk, 155 
embryopathy, 923 
fetal effects of, 144
for postpartum thyroiditis (PPT), 502 
propylthiouracil versus, 9236 

Methotrexate
in breast milk, 152 
fetal effects of, 144-145, 1058-1059 
for rheumatoid arthritis, 992 

Methylation, o f DNA, 85, 85f  

Methyldopa, for hypertension, 698, 700 
Ot-methyldopa, fetal effects of, 144 
Methylergonovine

in postpartum bleeding, 500-501 
for uterine atony, 407-408 

Methylmalonate, in  megaloblastic anemia, 
956, 956/

Methylprednisolone, fetal effects of, 146 
Methylprostaglandin F2-alpha, for uterine 

atony, 436-437
Metoclopramide 

fetal effects of, 146 
as galactogogue, 541 
for labor, 349 

Metoprolol, for hypertension, 698 
Metronidazole

in breast m ilk, 152 
for chorioamnionitis, 1136 
fetal effects of, 148 
for pelvic abscess, 1140 
as prophylactic preoperative antibiotics, 

429-430 
Miconazole

in breast milk, 154 
fetal effects of, 148 
for mastitis, 540 

Microadenomas, transsphenoidal surgery for, 
938

Microalbuminuria, 50
in diabetes mellitus, 875-876 
in diabetic nephropathy, 877 
in SGA offspring, 96 

Microbiome, during pregnancy, 59-60 
gut, 60 
placental, 60 
vaginal, 60, 6 0 /

Microcephaly
from cocaine use, 151 
in congenital rubella syndrome, 

1117-1118 
Microchimerism, 65, 78 
Microcytosis, 805
Micrognathia, ultrasound screening for, 186, 

\ S 6 .e 2 f

M icrovilli, o f syncytiotrophoblast, 9-10 
Midazolam, for convulsions, in local 

anesthetic toxicity, 353

Middle cerebral artery (MCA) 
flow-velocity waveform, 750/ 
ultrasound and, 165/ 777, 778/

Middle cerebral artery (MCA) pulsatility 
index, 751/

Middle cerebral artery pulsatility index, 
normal values in pregnancy, 1223* 

M idline falx, ultrasound screening for 
anomalies in, 186 

Midpelvic cavity delivery, 302 
Midtrimester induction, 285, 286* 
Mifepristone, for midtrimester induction, 

285
Migraine, 1046-1049 

dietary factors of, 1049 
Migraines w ith aura, 1046-1047 
M ild  asthma, 837 
Miliaria, 1076*, 1078 
M ilk

artificial, 526 
fortifiers, 481-482 

M ilk  ducts, 519 
dilated, 543 

M ilk  line, 519 
M ilk  transfer, 523-526

engorgement and, 526, 526/
football hold, 525, 525/
infant growth and, 540-541
latch-on, 523, 524f

mechanics o f nursing, 524-525, 524/
side-lying nursing, 525/

(3-Mimetic tocolytics, 636-637
cardiopulmonary complications of, 637 
metabolic complications of, 637 
neonatal effects of, 637 
treatment summary of, 637 

Minerals
levels, normal values in pregnancy,

1217*
supplementation guidelines, 127-132 

calcium, 131 
choline, 131-132 
iron, 130-131 
zinc, 131 

Minute ventilation, maternal, 47 
Miscarriage, incidence of, 169 
Misgav Ladach method, 431-432 
Misoprostol, 1205 

administration routes
buccal and sublingual, 284 
oral, 284
vaginal insert, 283-284 

for cervical ripening and labor induction, 
283 

titrating, 284
for uterine atony, 407-408, 436-437 

Mitoxantrone, for multiple sclerosis, 1045 
M itral prolapse, 811 
M itra l regurgitation, 811 
M itra l stenosis, 809-811, 810/
Mixed acidemia, 335-336 
M-mode ultrasound, 163-164, 164/ 
Moderate asthma, 837 
Modified Bishop score, 279-280, 279* 
Molar pregnancy

algorithm for management of, 1071/ 
hydatidiform mole (complete mole), 

1070

Molar tissue
invasive mole (chorioadenoma destruens), 

1072
partial hydatidiform mole, 1072 

Molluscum fibrosum gravidarum, 1078 
Monoamniotic twins, 720-721, 720/ 
Monochorionic diamniotic twins, timing of 

delivery, 730 
Monosomy X, 197-198, 582-583, 582/ 
Montevideo unit (M VU), 249 
Montgomery tubercles, 519 
Montgomery’s glands, 1078 
Mood disorders, 1149-1160 

bipolar disorder, 1155-1160 
major depressive episode, 1149-1155 
questionnaire, 1157/

Morning sickness, 54 
Morphine

in breast milk, 153 
for painful contractions in labor, 273 

Mosaicism, 197, 205, 584 
M otor Vehicle Crashes (MVCs), 565, 567 
Mourning, 513 
Mouth, maternal, 52-53 
Movement, fetal

decreased fetal movement (DFM), 228 
in hypoxemia, 227 
maternal assessment o f fetal activity, 

227-228
Movement alarm signal, Sadovsky’s, 228 
Moxibustion, in breech presentation, 387 
MSAFP. S ee  Maternal serum alpha- 

fetoprotein (MSAFP)
Mucous membrane, changes induced by 

pregnancy, 10766 
Mullerian anomalies, breech presentation 

with, 376 
Mullerian fusion defects

pregnancy loss from, 585-586 
preterm birth and, 620 

Multicystic dysplasia, 188, 188. e l f  

Multifactorial disorders, 209-210 
Multifetal gestation, preterm birth risk and,

623
Multifetal pregnancy reduction (MPR), 

first-trimester, 711-712 
Multinucleated giant cells, formation of, 6 
M ultiparity

active phase o f labor in, 273 
grand, as uterine atony risk factor, 406 
labor duration in, 272-273 
labor progression in, 272, 2 7 2 /27 3 / 
prolonged latent phase in, 273 

Multiparous women
cervical dilation rate in, 258*, 259 
labor duration in, 259, 259* 
prolonged second stage o f labor and, 259 

M ultiple gestations, 706-736
acardiac twinning and, 721-722, 721/ 
amniocentesis in, 210 
aneuploidy screening for, 201-202 
birth outcomes for, 711 * 
chorionic villus sampling in, 212 
chorionicity and, 707, 707/

determination in first trimester, 708, 
709/

determination in second trimester, 708, 
7 0 9 /71 0 /
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conjoined twins and, 722-723, 723f  

cord occlusion for selective termination in 
monochorionic twins, 713 

cordocentesis in, 213 
delivery mode in, 730-732, 731/ 

nonvertex presenting twin, 731 
triplets, 732
vertex-nonvertex twins, 731-732 
vertex-vertex twins, 731 

diagnosis of, 708
distribution and causes of, 707-708 
fetal anomalies in, 711 

discordance of, 712-713 
selective termination o f fetus, 713 

and fetal mortality, 225 
intrauterine fetal demise o f one twin and, 

713-715, 714/ 
intrauterine growth restriction and, 740 
management o f 

algorithm for, 729/ 
antenatal testing, 727 
antepartum, 723-728 
bed rest and hospitalization, 725 
cerclage, 726
fetal growth surveillance, 727-728 
intrapartum o f twin vaginal delivery, 

732-733, 7336 
maternal nutrition and weight gain, 

723-724 
pessary, 726-727 
progesterone, 725-726 
spontaneous preterm birth, 724-727 
tocolysis, 725
twin-tw in transfusion syndrome, 

716-719 
maternal adaptation to, 709-710 
maternal morbidity and mortality in, 

710-711, 710* 
maternal weight gain recommendations 

for, 124, 125* 
monoamniotic twins and, 720-721, 720/ 
multifetal pregnancy reduction, first- 

trimester, 711-712 
nausea and vomiting with, 132 
perinatal morbidity and mortality in,

711
as placenta previa risk factor, 401 
placentation in, 707/ 
in prolonged pregnancy, 801 
rapid uterine decompression associated 

with, as placenta previa risk factor, 
398

specialized twin clinics in, 728 
time interval between deliveries and, 733 
tim ing o f delivery, 728-730, 730/ 

monochorionic diamniotic twins, 730 
in triplets, 730 

twin reversed arterial perfusion sequence 
and, 721-722 

twin-twin transfusion syndrome and,
715-719 

diagnosis of, 715-716 
etiology of, 715 
management of, 716-719 
placenta of, 716/ 
staging of, 715-716, 715* 

as uterine rupture risk factor, 416

Multiple gestations (Continued) M ultiple gestations (Continued)
“vanishing twin” and, 711 
zygosity and, 707-708 

M ultiple sclerosis, 1041-1046 
breastfeeding in, 1046 
disease-modifying agents for, 1042-1045, 

1043* 
fertility and, 1042 
labor and delivery in, 1045-1046 
management of, during pregnancy, 

1045-1046 
postpartum period in, 1046 
pregnancy on, effect of, 1042 
pregnancy outcomes of, 1042 
prepregnancy counseling for, 1045 

M ultiple square sutures, 410, 41 1 / 
Murmur, in pregnancy, maternal, 42, 4 3 / 

in aortic stenosis, 811 
diastolic, 806
in patent ductus arteriosus, 816 
pathologic, 806 
systolic, 806
in ventricular septal defect, 815 

Mustard operation, for transposition o f the 
great vessels, 816 

Mutagenesis, ionizing radiation exposure 
and, 156

Mycobacterium avium complex (MAC), 
1109

Mycobacterium tuberculosis, T h l and, 73 
Mycobacterium tuberculosis Direct test, 835 
Mycophenolate mofetil (M M F), 858 

fetal effects of, 144
for systemic lupus erythematosus, 987 

Mycoplasma, intrauterine infection in 
preterm birth, 626 

Mycoplasma hominis, abortion and, 586 
Mycoplasma pneumoniae, pneumonia and, 

830
Mycoplasmas, puerperal endometritis, 1137 
Myocardial infarction, 820-821, 820*, 878 
Myometrium, placenta accreta and, 457 
Myosin light-chain kinase (MLCK), 633, 

635
Myotonic dystrophy, w ith breech 

presentation, 376 
Myxedema, primary, 928 
Myxomatous mitral valve disease, 811

N
Na+/H + exchanger, 16 
Na+/K +ATPase, 15-17 
Nails

changes induced by pregnancy, 10766,
1078

during pregnancy, 58 
Nalbuphine (Nubain), for labor, 348-349 
Narcotics

in breast milk, 153 
fetal effects of, 151 

Nasal bone, on ultrasound, 184, 185/
Nasal decongestants, risks of, 46 
Natalizumab, for multiple sclerosis, 1044 
National Asthma Education and Prevention 

Program (NAEPP), on definition o f 
asthma, 837 

National Center for Health Statistics, 
219-220

National Diabetes Data Group (N D D G ), 
881

National Health and N utrition Examination 
Survey (NHANES), in  obesity,
899-900

National Institute o f Child Health and 
Human Development (N IC H D ),
715

on aneuploidy screening, 199 
BUN study, 199*
FASTER trial, 199* 

on antenatal testing in multiple 
gestations, 727 

in laser ablation, 718 
Maternal-Fetal Medicine Units (M FM U), 

599-600
Vaginal Ultrasound Cerclage Trial, 641 
Workshop on Fetal Imaging, 183 

National Institute o f Child Health and 
Human Development Consensus 
Report, 317-327 

definitions and general considerations by,
318-327 

fetal heart rate 
patterns, 318

acceleration, 322-323 
baseline rate, 318-319, 31 9 / 
decelerations, 323, 3 2 3 /3 2 4 / 
variability, 319-322, 32 0 /3 2 1 / 

tracings, categories of, 317-318 
patterns not defined by, 328-329

expectant management, versus delivery, 
333, 334/ 

fetal status evaluation, other methods 
of, 333-336 

lambda pattern, 328 
shoulder, 328 
uniform accelerations, 328 
wandering baseline, 328 

and uterine activity, 318 
National Institutes o f Health (N IH ),

1188
National Marrow Donor Program, 74 
National Newborn Screening and Genetics 

Resource Center, 208 
National Perinatal H IV  Hotline, 1112 
National Smallpox Vaccine in Pregnancy 

Registry, 1126 
National V ital Statistics Report (NVSR), 

219-220 
Native American

calcium supplementation for, 131 
preterm birth in, 621-622 

Natriuretic peptide, maternal, 52 
Natural family planning (NFP) methods, 

postpartum, 512 
Natural killer cells, 68 

decidual, 68 
in fetal blood, 74 

Nausea
from iron supplements, 131 
o f pregnancy, 54, 132, 1000, 1019 
prenatal care and, 114-115 
as upper gastrointestinal symptoms, 1015, 

10156
Near-miss morbidity, obstetric adverse 

events of, 1174-1175 
Nebraska’s partial-birth abortion, 1185
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NEC. See  Necrotizing enterocolitis (NEC) 
Neck, ultrasound screening for anomalies in, 

185-186
Necrotizing enterocolitis (NEC), 483 

from indomethacin tocolysis, 636 
with premature rupture o f the 

membranes, 654-655
in preterm infants, 618 

Necrotizing fasciitis, 439, 1140 
N e is s e r ia  g o n o r rh o e a e  

acute urethritis, 1133 
complement system and, 69 
diagnosis of, 1092 
epidemiology of, 1092 
pathogenesis of, 1092 
premature rupture o f the membranes and,

648
recommended treatment regimen for,

10936 
screening for, 1093* 
treatment of, 1093, 10936 

N e is s e r ia  m e n in g it id is , complement system 
and, 69

Neonatal abstinence syndrome (NAS), 151, 
1168-1170

Neonatal alloimmune thrombocytopenia,
952

Neonatal central hypothyroidism, 926 
Neonatal cholestasis, 1000 
Neonatal deaths, 1198-1199 

in uterine rupture, 448 
Neonatal exchange transfusion, 771 
Neonatal herpes infection, 1120 
Neonatal hyperthyroidism, 926 
Neonatal lupus erythematosus, 984 
Neonatal morbidity

in breech presentation, 383 
in elective labor induction, 279, 279* 
in fetal growth restriction, 765 
herpesvirus, 1120
long-term outcomes in preterm infants,

618-619 
neurologic, 631-632 
in postterm pregnancy, 798* 
in premature rupture o f the membranes, 

650
viral infections, 1110-1111 

Neonatal mortality, as marker o f obstetrical 
quality, 1179 

Neonatal outcomes, 1070 
in abruptio placenta, 400 
w ith congenital heart disease, 814* 
o f epilepsy, 1037-1038 
in postterm pregnancy, 800-801 

Neonate, 468-498
birth asphyxia, 474-475, 474f  

sequelae of, 478, 478*, 4796 
birth injuries, 478-480, 479* 
cardiopulmonary transition, 469-474 

abnormalities of, 474-478 
circulatory transition, 473-474, 

4 7 3 /4 7 4 / 474* 
fetal breathing, 472 
first breaths, 472
pulmonary development, 469-472, 

4 7 0 /4 7 1 /
classification of, by growth and gestational 

age, 490-491, 4 9 1 /4 9 2 /

Neonate (C o n t in u e d )

clinical applications, 480-481 
delivery room, 480 
nursery, 480-481 

cord clamping, 478 
delivery room management, 475-478,

475*-477*, 47 6 /4 7 7 / 
gastroenterology, 481-486 
gastrointestinal surgical conditions, 

congenital, 483 
hematology, 486-487 

anemia, 486 
polycythemia, 486, 486* 
thrombocytopenia, 486, 486* 
vitamin K-deficiency bleeding, 486-487 

hypoglycemia, 482-483, 4836 
infection, 487

early-onset bacterial infection, 487, 
48 7 /4 8 8 / 

intensive care, 495-496, 495/ 
jaundice, 483-486, 4846, 4 8 4 /4 8 5 / 
late preterm infant, 496 
necrotizing enterocolitis, 483 
neurology, 490

intraventricular hemorrhage, 490 
periventricular leukomalacia, 490 

nursery care, 491-494, 4926, 4946 
care o f parents, 493-494 
kangaroo care, 494 

nutrition, 481-486
infant feeding, 481-482, 482* 

respiratory distress, 487-489, 489* 
cardiovascular causes, 487 
pulmonary causes, 488-489, 489/ 

thermal regulation, 480
physiology, 480, 480*, 481/ 

threshold o f viability, 495-496, 495/ 
transfusions in, 780 

Nephrogenesis, 96 
Nephrolithiasis, 49 
Nephrons, number of, 96 
Nephropathy, in diabetes mellitus, 875-877 
Nephrotic syndrome, 855 
Nephrotoxicity, from aminoglycosides, 148 
Nerve injury, in obstetrical anesthesia,

354-355
Nervous system

CNS response to placental insufficiency, 
745

disorders of. See  Neurologic disorders 
Neural tube defect (N TD) 

clinical trials of, 139 
from efavirenz, 148 
folate and, 130
maternal serum a-fetoprotein for, 200, 

209
screening for, 209 
ultrasound screening for, 185-186 

Neuraminidase, 1113 
Neuraxial analgesia and anesthetic 

techniques, 350-358 
blocks, complications of, 350-356 

allergy to local anesthetics, 354 
back pain, 356 
breastfeeding issues, 356 
effect of, on labor and method o f 

delivery, 356-358 
fever, 357-358

Neuraxial analgesia and anesthetic 
techniques (C o n t in u e d )  

high spinal (total spinal) anesthesia,
354

hypotension, 352-353 
local anesthetic toxicity, 353-354 
nerve injury, 354-355 
progress o f labor, 357 
spinal headache, 355-356 
and study design, 356-357 

for cesarean delivery, 364-365, 3646 
advantages and disadvantages, 3646 
epidural, 364 
postoperative care, 365 

epidural, 350, 351/
for cesarean delivery, 364 
complications, 350-356 
continuous, 350 
lumbar, 350, 3 5 1 /35 2 / 
segmental, 350, 352/ 

spinal, for cesarean delivery, 364 
for vaginal delivery, pudendal nerve block,

358-359 
Neuroendocrine tumors, 1067 
Neurologic deficits, in growth-restricted 

infants, 766 
Neurologic development, subclinical 

hypothyroidism and, 928 
Neurologic disorders, in pregnancy, 

1030-1056 
carpal tunnel syndrome, 1051-1052 
epilepsy in

fertility and, 1032 
obstetric and neonatal outcomes of, 

1037-1038 
pregnancy and, 1032-1041 
seizures and, 1031-1032 

headache, 1046-1050, 1046/ 
abortive treatments for, 1047* 
migraine and, 1046-1049 
prophylactic treatments for, 1048* 
secondary, 1049-1050 

multiple sclerosis, 1041-1046 
breastfeeding in, 1046 
disease-modifying agents for, 1042-

1045, 1043* 
fertility and, 1041-1046 
labor and delivery in, 1045-1046 
management of, during pregnancy, 

1045-1046 
postpartum period in, 1046 
pregnancy on, effect of, 1042 
pregnancy outcomes of, 1042 
prepregnancy counseling for, 1045 

stroke, 1050-1051
hemorrhagic, and vascular 

malformations, 1051 
ischemic, 1050-1051 

Neurologic effects, w ith operative vaginal 
delivery, 301-302 

Neurologic morbidity, prevention of, 
631-632 

Neurology, neonatal, 490 
Neuropeptide Y, 88, 88 /
Neuroprotection, magnesium sulfate for,

655
Neurosurgery, in pregnancy, 561 
Neurovascular sheath, \ 2 2 4 .e 3 f
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Neutralization, 71 
Newborn screening, 208 
Nicardipine, for hypertension-preeclampsia, 

685
N IC H D . See  National Institute o f Child 

Health and Human Development 
(N IC H D )

Nicotine
in breast m ilk, 155 
in pregnancy, 149-150 
withdrawal, 149-150 

Nifedipine
in breast milk, 154 
for eclampsia, 695 
fetal effects of, 144 
for hypertension, 698 
for hypertension-preeclampsia, 684, 686 
for tocolysis, 633-634 

N IH . S ee  National Institutes o f Health (N IH ) 
Nipple

anatomy of, 519
bloody discharge, 1060
eczema, 1079
pain, 538-539
supernumerary, 519
tethering, assessment of, 534, 534/

Nipple shields, 539 
N itric  oxide (NO) 

in AVP regulation, 51 
in cervical ripening, 624 
donors

for tocolysis, 637-638 
in fetoplacental blood flow, 26 
renal hemodynamics and, 49 
systemic vascular resistance and, 41 

N itric  oxide synthase, renal hemodynamics 
and, 49 

N itric  oxide synthetase, 68 
Nitrofurantoin

in breast milk, 154 
fetal effects of, 147 

Nitrofurantoin monohydrate, for
asymptomatic bacteriuria and acute 
cystitis, 1134 

Nitroglycerin
for hypertensive encephalopathy, 702 
for retained products o f conception, 416 
for uterine relaxation, 385 

Nitrous oxide
in general anesthesia, 364 
inhaled, 349 

Nizatidine, in breast milk, 155 
NO . See N itric  oxide (NO)
Nonalcoholic fatty liver disease (NAFLD), 

89, 9 0 /
Noncoding RNAs (ncRNAs), 85-86, 8 5 / 
Nondirective counseling, genetic, 195 
Non-Hodgkin lymphoma, 1063 
Noninvasive cardiac monitoring, normal 

values for, 1214?
Noninvasive Chromosomal Evaluation 

(NICE) study, 201 
Nonnucleoside reverse transcriptase 

inhibitors, 1108 
Nonsteroidal antiinflammatory drugs 

(NSAIDs) 
fetal effects of, 149, 636 
maternal effects of, 635

Nonsteroidal antiinflammatory drugs 
(NSAIDs) (C o n t in u e d )  

with neuraxial morphine, 365 
in renal development impairment, 96 
for systemic lupus erythematosus, 986 
for tocolysis, 635 

Nonstress test (NST), 230-234, 232f ,  755, 
764

arrhythmias, 233-234 
bradycardia, 232-233, 23 3 / 
deceleration, 234 
in diabetes mellitus, 885 
nonreactive pattern, 231-232, 231/ 
predictive value of, 234 
reactive pattern, 226, 230-231, 231/ 
sinusoidal pattern, 232 
tachycardia, 233
vibroacoustic stimulation (VAS),

231-232, 23 2 / 236-237 
Nonvertex presenting twin, delivery of, 731 
Norepinephrine 

fetal, 35
for septic shock, 1142 
stress response in labor, 346, 34 6 / 

Norfloxacin, fetal effects of, 148 
Normal glucose tolerance, 863 
Normal values in pregnancy, 1214 

abdominal circumference (percentile 
values), 1219? 

amniotic fluid index (percentile values), 
1222?

amniotic sac diameter and menstrual age, 
1218?

arterial blood gas values (third trimester), 
1215?

calcium metabolism, 1217? 
cholesterol and lipids, 1216? 
coagulation, 1217?
crown-rump length (6-18 weeks), 1219? 
electrolytes, osmolality, and renal 

function, 1216? 
endocrine tests, 1218? 
femur length (percentile values), 1220? 
fibula length (percentile values), 1220? 
foot length, 1221?
head circumference (percentile values), 

1219?
hematologic indices, iron and B12, 1216? 
homocysteine, vitamin, and mineral 

levels, 1217? 
humerus length (percentile values), 1220? 
inflammation and immune function, 

1218?
invasive cardiac monitoring, 1214? 
liver/pancreatic function tests, 1215? 
mean values, 1215? 
middle cerebral artery pulsatility index 

(percentile values), 1223? 
noninvasive cardiac monitoring, 1214? 
peak flows, 1215?
radius length (percentile values), 1221? 
small head circumference measurements, 

1222?

tibia length (percentile values), 1220? 
transcerebellar diameter, 1222? 
ulna length (percentile values), 1221? 
umbilical artery resistance index and 

systolic/diastolic ratio, 1223?

Normal values in pregnancy (C o n t in u e d )  

umbilical cord blood gas values and 
hematologic parameters, 1218? 

Normeperidine, fetal effects of, 348 
Nortriptyline, for depression, 1155? 
NSAID. See  Nonsteroidal antiinflammatory 

drugs (NSAIDs)
NST. See  Nonstress test (NST)
Nuchal arm, trapped, 377, 378/
Nuchal translucency (NT), 185/ 198-200 
Nuclear factor kappa B (NFk B), 628 
Nucleic acid amplification tests (NAATs), 

1091
Nucleic acid hybridization assays, N e is s e r ia  

g o n o r rh o e a e , 1093 
Nucleic acid test (NAT), for hepatitis C 

virus (HCV), 1124 
Nucleoprotein complex, 85 
5’-nucleotidase, 53-54 
Nulliparity

active phase o f labor in, 273 
labor duration in, 272-273 
labor progression, 27 3 / 273? 
latent phase prolongation in, 272-273 
prolonged second stage o f labor and, 261 
as uterine inversion risk factor, 417 

Nulliparous women, cervical dilation rate, 
257-259, 25 8 / 258?-259?

Nursery care
care o f the parents, 493-494 
clinical applications, 480-481 
early discharge of, criteria for, 493, 4946 
kangaroo care, 494 
levels of, 4926 
neonatal, 491-494 

Nurturing behavior, maternal, 93 
Nutrient supply, placental, 19 
Nutrients

fetal, substrates for, 28 
renal tubular function and excretion of, 

50-51 
Nutrition 

fetal
cardiac development and, 91 
maternal nutrition effects on, 86 
ovarian function and, 95 

maternal
in lactation, 537-538 
in multifetal pregnancy, 723-724 

maternal hyperalimentation for
intrauterine growth restriction, 754 

neonatal, 481-486 
placental, 14
during pregnancy, 122-135 

considerations for, 133 
caffeine, 133 
herbal supplements, 133 
vegetarian and vegan diets, 133 

counseling for, 123, 124? 
needs, 125-127 

energy, 125-126, 126/ 
omega-3 fatty acids, 126-127 
proteins, 126 

in obstetric history, 122-123 
prenatal care and, 114 
problems in, 132-133 

constipation, 132 
food contamination, 132-133
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N utrition (C o n t in u e d )

heartburn and indigestion, 132 
nausea and vomiting, 132 

vitamin and mineral supplementation 
guidelines for, 127-132, 128*-129* 

calcium, 131 
choline, 131
dietary reference intakes in, 127 
folate, 129-130 
iron, 130-131 
vitamin A, 127 
vitamin B^, 129 
vitamin C, 129 
vitamin D, 127-129 
vitamin K, 129 
zinc, 131 

preterm birth risk and, 620 
Nystatin

in breast milk, 154 
fetal effects of, 148 
for mastitis, 540

“ Obamacare,” 1186-1188 
Obese women

gestational weight gain in,
recommendations for, 901-903, 902* 

pregnancy complications in, 903-905 
early pregnancy, 903 
intrapartum, 904-905 
mid-late pregnancy, 903-904 

pregnant, metabolism in, 900-903, 
900/-902/

Obesity
adipogenesis and, 89, 89f  

adult, LBW  and, 87 
adverse consequences of, 86

nonalcoholic fatty liver disease as, 89 
bariatric surgery and, 560-561 
energy imbalance and, 86-87 
epidemic of, 86 
and fetal mortality, 223 
leptin resistance and, 88 
lipogenesis and, 89 
maternal

leptin levels and, 88 
LGA and, 87
shoulder dystocia associated with, 387 

in preconception health counseling,
106-107 

in pregnancy, 899-909 
facilities in, 906 
other considerations in, 906 
overview of, 899
postpartum considerations in, 905-906 

maternal, 905-906 
neonatal/child, 906 

prevalence of, 899-900, 900* 
treatment of, 906 

prepregnancy, 124 
programmed, 88-89 
in reproductive-age women, 122 
risk decrease w ith breastfeeding, 87 
as risk factors

for postterm pregnancy, 797 
for preeclampsia, 665-666

in United States in 2013, 123/
Oblique lie, 249, 25 0 /

Obsessive-compulsive disorder, 1160 
Obstetric complications, prevention and 

management in resource-poor 
countries, 1205-1207 

Obstetric conjugate, 253 
Obstetric deaths, indirect, 1198 
Obstetric fistulae, 1198, 1206-1207 

prevention of, 1207*
Obstetric history, integrating nutrition into, 

122-123 
Obstetric newborn care, 11996 
Obstetric preventable adverse events, 

frequency of, 1174-1175 
Obstetric risk, in prenatal care, 112 
Obstetric safety, approaches to improve, 

1175-1178 
checklist and protocols of, 1175-1176 
communication enhancement of, 1177 
multifaceted of, 1177-1178 
simulation of, 1176-1177 

Obstetric syndromes, features of, 625 
Obstetric ultrasound, for imaging, dating, 

growth and anomaly, 160-192 
Obstetrician, in breastfeeding, 531-533,

531*
Obstructed labor, 1206-1207 
Obstructive sleep apnea (OSA), 48-49 
Obturator artery, 12 2 4 .e ll/
Obturator canal, \ 2 2 A .e 2 f  

Obturator fascia, 1224.^3/
Obturator foramen, 1 2 2 4 .fl/
Obturator internus, 1224.<?2/1224.f3/

1224.f5 /
Obturator nodes, 1224.<?13/
Occipitofrontal diameter, 250/
Occiput anterior (OA) position, 251, 251/ 

operative vaginal delivery, 294-297, 296/ 
Occiput posterior (OP) position, 251, 251/ 

274
forceps rotation, 297-298 
operative vaginal delivery, 294-297, 296/ 
spontaneous anterior rotation, 274 

Occiput transverse (OT) position, 251, 251/ 
operative vaginal delivery, 297 

Occupational and environmental hazards 
ionizing radiation in, 155-156 
lead in, 156
mercury in fish in, 156-157 
obstetrician’s role in evaluating 

reproductive risks with, 157 
in preconception health counseling, 

109-110 
video display terminals in, 156 

Octreotide
for acromegaly, 939-940 
for thyrotropin-secreting tumors, 940 

Ogilvie syndrome, 1023 
Ohm’s law, 804
Olanzapine, for schizophrenia, 1164 
Oligodendrogliomas, 1069-1070 
Oligohydramnios, 172-173, 790-792 

amniotic fluid index for diagnosis, 237, 
787-788, 790

from angiotensin-converting enzyme
(ACE) inhibitors, 144 

causes of, 790b  

evaluation of, 791
with hypertension-preeclampsia, 685

Oligohydramnios (C o n t in u e d )

from indomethacin tocolysis, 635-636 
in labor, 791-792 
perinatal outcome of, 790 
in postterm pregnancy, 798-799 
with premature rupture o f the

membranes, 647-648, 650, 790 
pulmonary hypoplasia with, 650 
trauma and, in pregnancy, 566 
treatment of, 791, 791*

Oligosaccharides, in breast milk, 528 
Omalizumab, for asthma, 841 
Omega-3 fatty acids, 1154 

maternal needs for, 126-127 
Omega-3 polyunsaturated fatty acids

(PUFAs), for preterm birth prevention, 
640

Omeprazole, fetal effects of, 146 
OmniCup vacuum extraction device, 294, 

295/
Omphalocele, 188, 483, 188.e3f  

Ondansetron
for bulimia, 1163 
fetal effects of, 146 

Onycholysis, 1076*, 1079 
Oophoropexy, 559-560 
Operating tables, for obese women, 906 
Opiates, in preconception health counseling,

109
Opioids

agonist therapy, 1169
acute pain management for, 1170 

for labor, 348-349 
fentanyl, 349 
meperidine, 348 
nalbuphine (Nubain), 348-349 
patient-controlled analgesia, 348 
remifentanil, 349 

substance use/abuse, 1168-1170 
Opsonization, 71
Optimizing care, in preconception health 

counseling, 110 
Oral acyclovir, for varicella zoster virus,

1121
Oral contraception

in breast milk, 154-155 
progestin-only, 511 

Organs, contained, 1224.^10/
Orthostatic hypotension, in hemorrhage,

396
Osmolality, normal values in pregnancy for, 

1216*
Osmoregulation, maternal, 51, 51 /
Osmotic pressures, in placenta, 15, 19 
Osteocalcin, 911

fetal manifestations o f placental 
insufficiency, 742 

Osteogenesis imperfecta, 189,
1 S 9 . e 2 f - l S 9 . e i f  

Osteomyelitis, in sickle cell disease, 957 
Osteoporosis, 915-916 

in pregnancy, 58 
programming, 92 

Ototoxicity, from aminoglycosides, 147 
Outcome measures, 1178-1179 
Outflow tracts, ultrasound screening for 

anomalies in, 187 
Output display standard, in ultrasound, 182
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Ovarian artery, I224.el2 f 
Ovarian branch, 1224.e\2f 
Ovarian cancer, 1067-1068 
Ovarian function, postpartum, 501 
Ovarian hyperandrogenism, 95 
Ovarian ligament proper, 1224.^8/ 

1224.H0/ \224.e\2f 
Ovarian vein syndrome, 1141 
Ovarian vessels, \224.e\0f 
Ovary, \224.e&f-\224.e\Qf 

anatomy of, 1224.e9/ 
blood supply to, 1224.^12f  

cancer of, 1067-1068 
suspensory ligament of, 1224.<>10/ 
torsions in, 559-560, 560/

Overt clinical hypothyroidism, 927 
“ Overt diabetes,” 875

early screening for, 878-881 
Overweight

in preconception health counseling,
106-107 

prepregnancy, 124 
Ovulation

drugs for induction of, fetal effects of,
148

postpartum, 501 
Oxcarbazepine, for bipolar disorder, 1158 
Oxidative stress

in placental development, 7, 8 /  
in preeclampsia, 7-8, 667 

Oxprenolol, for hypertension, 698 
Oxygen

alveolar, maternal, 47 
consumption o f

environmental temperature on, 481/ 
placental, 13 

for intrauterine growth restriction, 
753-754 

metabolic responses to placental 
insufficiency, 741-742 

placental transport of, 17 
supplemental, as conservative corrective 

measure, 331 
Oxygen carriers, postpartum hemorrhage, 

421-422
Oxygen dissociation curve, maternal, 312/ 
Oxygen pathway, assessment of, in fetal 

heart rate management, 331, 33I f  
Oxygen supplementation, for hemodynamic 

management, 825 
Oxygenation, for eclampsia, 693 
Oxyhemoglobin dissociation curve, 3 3 / 

fetal, 473 
Oxytocin

administration of, 281 
antistress effects of, 519-521 
for cervical ripening and labor induction, 

281-283
dosing intervals and protocols for, 

282-283 
high-dose, 282, 282f 
low-dose, 282, 282f 
standardized regimen, 282f  

dose, 274
dual role of, in parturition, 249 
from fetus, 247-249 
as galactogogue, 542 
as galactokinetic hormone, 521

Oxytocin (Continued)
intrauterine pressure catheter use, for 

titration of, 273-274 
for labor augmentation, 247-249, 276 

in brow presentation, 374 
with epidural analgesia, 357 
in face presentation, 373 
in trial o f labor after cesarean delivery, 

450
let-down reflex, 522-523, 522/ 
maternal levels of, 56 
in multiple gestations, 733 
in postpartum bleeding, 500-501 
and prostaglandins, 281 
for protraction disorders, 274 
in setting o f premature rupture o f 

membranes (PROM), 281-282 
side effects, 276 

hypotension, 276 
uterine overactivity, 276 
water intoxication, 276 

in third stage o f labor, 275 
uterine activity regulation during

pregnancy and labor, 246-247, 24 7 / 
for uterine atony, 407, 436-437 
for uterine rupture, after labor induction, 

450, 450f
Oxytocin-receptor antagonists, for tocolysis,

637
Oxytocin receptors, myometrial, 249

P
Paclitaxel, for ovarian cancer, 1068 
Pain

abdominal, 1013-1015, 10 l4 f 
right lower quadrant, 1013, 10136 
right upper quadrant, 999-1000,

10006
analgesia for labor, 347-358 
anesthesia

for cesarean delivery, 359-365, 3616 
for vaginal delivery, 358-359 

back, 356
breast and nipple, 538-539 
effects of, 346-347 
hemorrhoids, 506 
M cG ill Pain Questionnaire, 346 
pathways, 344-345, 34 5 / 
relief, in hypertension-preeclampsia, 685 
stress related to, 346-347, 3 4 6 /3 4 7 / 

Painful myoma syndrome, 1014-1015 
Palmar erythema, 53, 1076 
Palmoplantar pompholyx eczema, 1076f 
Pancreas, maternal, 56-57 
Pancreatic duodenal homeobox 1 (Pdx-1), 

90-91
Pancreatic programming, 90-91 
Pancreatitis, acute, 1002-1003 

hyperparathyroidism and, 912 
Pancreatobiliary disease, 1002-1004, 1002f 

acute pancreatitis, 1002-1003 
choledochal cysts, 1003-1004 
choledocholithiasis, 1003 
cholelithiasis and cholecystitis, 1003 

Pancuronium bromide, for fetal paralysis, 
212-213 

Panic attacks, 1160 
Papilla mammae, 519

Papilledema, 1049
PAPP-A. See Pregnancy-associated plasma 

protein A  (PAPP-A)
Paracentric inversions, 584 
Paracervical block, 358, 35 8 / 
Parasympathetic system, fetal, 32 
Parathyroid cancer, 912 
Parathyroid diseases, 911-916 

calcium homeostasis and, 911 
hypercalcemia and, 912-914 
hyperparathyroidism and, 911-912 
hypoparathyroidism and, 914 
osteoporosis and, 915-916 
pseudohypoparathyroidism in, 914 

Parathyroid hormone (PTH), maternal, 58 
Parathyroid hormone-related protein 

(PTHrP), 911 
Parenthood, prepared, 115 
Parents, care of, 493-494 
Parity

and fetal mortality, 225 
increasing

as abruptio placenta risk factor, 397 
as placenta accreta risk factor, 403-404 
as placenta previa risk factor, 401 

Parkland procedure, modified, for tubal 
sterilization, 439-440, 4 4 0 /

Paroxetine
in breast milk, 1155f 
for depression, 1153 

PARP. See Poly (ADP-ribose) polymerase 
(PARP) cleavage 

Partial-birth abortion, 1184-1185 
Partial thromboplastin time (PTT), in 

preeclampsia, 671 
Parturition 

cascade, 24 8 / 
in preterm birth, 623-624 

Parvovirus, 1114-1115 
clinical manifestations of, 1114-1115, 

1114/ 
diagnosis of, 1115 
epidemiology of, 1114 
gestational age and infection risk, 111 5f 
management during pregnancy, 1115 
virology of, 1114 

Parvovirus B19 infection, 957 
Passive smoking, in  preconception health 

counseling, 108 
Patent ductus arteriosus (PDA), 814, 814f 

from indomethacin tocolysis, 636 
maternal, 816 
in preterm infants, 618 

Patient education, on asthma, 839 
Patient transport, in eclampsia, 693 
Pattern-recognition receptors (PRRs), 65, 

66/
PAWP. See Pulmonary artery wedge pressure 

(PAWP)
PCWP. See Pulmonary capillary wedge 

pressure (PCWP)
PDA. See Patent ductus arteriosus (PDA) 
Peak flows, normal values in pregnancy for, 

1215 f
Pedersen hypothesis, 873 
PEEP. See Positive end-expiratory pressure 

(PEEP)
Pegvisomant, for acromegaly, 939-940
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Pelvic abscess, 1140 
Pelvic artery embolization, in placenta 

accreta, 464 
Pelvic care, postpartum, 505-507 
Pelvic division, o f labor, 271-272 
Pelvic examination, in prenatal care, 112 
Pelvic fascia, \224.e5f 
Pelvic floor muscle training (PFMT), 507 
Pelvic fractures, maternal trauma, 567-568, 

568/
Pelvic plexus, \224.el4f-l224.el5f 
Pelvic splanchnic nerves, 1224.el5/ 
Pelvicalyceal dilation, 49 
Pelviectasis, 188 
Pelvimetry, 251-253

average and critical lim it values for, 252* 
in breech presentation, 382 
in brow presentation, 374 
clinical, 253, 254/ 
in prenatal care, 112 

Pelvis
anatomy of, 251-253, 25 2 / 1224 
components o f bony, \224.e\f 
digital examination of, 266 
fascial and peritoneal relationships of,

1224.f3f  

ligaments and notches of, 1224.^1/ 
lymphatics of, 1224.^13/ 
major organs of, 1224.^8/ 
maternal, 251-253, 25 2 / 252*, 254/ 

shape of, 253, 255/ 
soft tissue resistance in labor, 253 

muscles o f
inferior view, 1224.e3/ 
oblique view, \224.e2f 
superior view, 1224.e2/ 

nerves of, I224.e\4f 
organs of, 1224.^10/ 
vessels o f

frontal view, 1 2 2 4 .e ll/ 
lateral view, 1224.e l l/

Pemphigus foliaceus, 1076*
Pemphigus vegetans, 1076*
Pemphigus vulgaris, 1076*
Penetrating trauma, 568 
Penicillins

in breast milk, 154 
for chorioamnionitis, 1136 
for endomyometritis, 438 
fetal effects of, 147
for group B Streptococcus (GBS) infection, 

1132/ 
for mastitis, 539-540 
for puerperal endometritis, 1136 
for syphilis, 1095 

Peptic ulcer disease, 53, 1019-1021 
Percutaneous fine-needle aspiration, for 

breast mass, 543 
Percutaneous transthoracic needle aspiration 

(PTNA), 830 
Percutaneous umbilical blood sampling 

(PUBS), 777. See also Fetal blood 
sampling (FBS) 

ultrasound-directed, 212 
Pereira transverse and vertical sutures, 410, 

41 1 /
Periaortic nodes, 1224.e\3f 
Pericentric inversion, 584

Perimortem cesarean section, implications
of, 574

Perinatal care, improvements in, 83
Perinatal death, in uterine rupture, risk for, 

448, 448*
Perinatal grieving, managing, postpartum, 

512-514
Perinatal health, integrated framework for,

1148,1148/
Perinatal morbidity

and abruptio placenta, 400 
in breech presentation, 383 
in diabetes mellitus, 863, 871

calcium and magnesium metabolism, 
874-875

cardiomyopathy, 875 
congenital malformations, 872-873, 

872/ 872* 
fetal death, 871-872 
fetal macrosomia, 873-874, 873f  874* 
hyperbilirubinemia, 875 
hypoglycemia, 874 
polycythemia, 875 
respiratory distress syndrome, 874 

in eclampsia, 692 
in gestational hypertension, 664 
in HELLP syndrome, 675-676 
in hepatitis E virus (HEV) infection, 1125 
in multiple gestations, 711 
in postterm pregnancy, 797-799 
in preeclampsia, 688 
in preterm infants, 618 

Perinatal mortality
in abnormal axial lie, 370 
and abruptio placenta, 400 
in breech presentation, 381 
in brow presentation, 373 
in compound presentation, 374-375 
definition, 219-220, 616-619 
in diabetes mellitus, 863/ 871 
in eclampsia, 692 
gestational age and, 798, 798/ 
in glomerular disease, 854 
in growth-restricted neonates, 766 
in HELLP syndrome, 675-676 
in intrauterine growth restriction,

737-738 
in multiple gestations, 711 
in oligohydramnios, 791-792 
in pneumonia, 829 
in polyhydramnios, 792 
in postterm pregnancy, 277-278, 797-799 
in premature rupture o f the membranes,

654
rate

defined, 219-220
by maternal race and ethnicity, 220, 

220/ 
smoking and, 149
with in vitro fertilization pregnancies, 623 

Perinatal outcome 
in eclampsia, 692 
with HELLP syndrome, 675-676 
in oligohydramnios, 790 
with preeclampsia, 688 
in uterine rupture, 448, 448*

Perinatology, ethical and global issues in,
1183-1195

Perineal artery, \224.elf 
Perineal blood supply, 1224. e l f  

nerves, 1224 .e l f  
Perineal body, \224.e4f  
Perineal branch, \224.elf 
Perineal care, postpartum, 505-507 
Perineal injury, repair of, 263-265 
Perineal laceration, repair of, 412-413, 

4 1 2 /4 1 3 /
Perineal trauma, with operative vaginal 

delivery, 299 
Perineum, cutaneous nerve supply to,

1224.e7/
Periodic abstinence, 512 
Periodic leg movements during sleep, 49 
Periodontal disease, preterm birth and, 620,

640
Periorbital edema, in acute 

glomerulonephritis, 853 
Peripartum cardiomyopathy (PPCM), 819, 

8196
Peritoneal reflection, anterior, 1224.el6/ 
Peritoneum, 1224.e3/
Periventricular leukomalacia (PVL) 

with abruptio placenta, 400 
and breech presentation, 384 
neonatal, 490
in premature rupture o f the membranes,

650
Periventricular nodular heterotopia, bilateral, 

1039, 1039/
Peroxisome proliferator-activated receptor 

gamma (PPARy) 
adipogenesis and, 8 9 /
C-reactive protein inhibition by, 90 
expression in LBW  offspring, 89 
inflammation modulation by, 90 

Persistent pulmonary hypertension (PPH), 
from selective serotonin reuptake 
inhibitor (SSRI), 143 

Person under investigation (PUI), 1126 
Personal liberty, 1184 
Pessary, in multiple gestation pregnancy, 

726-727
Pfannenstiel abdominal incision, in cesarean 

delivery, 431-432, 431/
Phenobarbital

fetal effects of, 140 
teratogenic effects of, 1035 

Phenothiazines, fetal effects of, 146 
Phenylalanine, fetal effects of, 152 
Phenylephrine

fetal effects of, 147 
for hemodynamic management, 825 
for hypotension, 352-353 

Phenylpropanolamine, fetal effects of, 147 
Phenytoin

in breast milk, 153 
fetal effects of, 140 
teratogenic effects of, 1035 

Pheochromocytoma, 943-944 
Phobia, 1160
Phosphatidylglycerol (PG), 240 
Phospholipase C, 249
Phospholipid phosphatidylglycerol (PG), in 

fetal pulmonary maturity, 887 
Phospholipids, surfactant, 469 
Physical activity, preterm birth risk and, 620
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Physical evaluation, in prenatal care, 112 
Physical examination, in pregnant abdomen, 

551 
Physiology

fetal. See Fetal physiology 
hemorrhage, physiologic adaptation to, 

395, 396/ 
o f hemostasis, 966-967 
o f labor, 246-249, 24 7 /2 4 8 / 
o f lactation, 519-526 
maternal, 38-63

alimentary tract in, 52-54 
appetite in, 52 
gallbladder in, 53 
intestines in, 53 
liver in, 53-54 
mouth in, 52-53
nausea and vomiting o f pregnancy 

and, 54 
stomach in, 53 

body water metabolism in, 51-52 
by atrial natriuretic peptide, 52 
by brain natriuretic peptide, 52 
by osmoregulation, 51, 51 / 
pregnancy-related renal and urologic 

changes in, 52 
by renin-angiotensin-aldosterone 

system, 51-52 
salt metabolism, 51 

o f breasts, 59
o f cardiovascular system, 39-43

arterial blood pressure and systemic 
vascular resistance in, 41, 4 1 / 

cardiac output in, 39-41, 4 0 / 
central hemodynamic assessment in,

41-42 
heart in, 39
in immediate puerperium period,

42-43
labor effects on, 42-43 
normal changes that mimic heart 

disease in, 42, 4 3 / 
venous pressure in, 41 

o f central nervous system, 59 
endocrine changes in, 54-56 

adrenals, 55-56 
pituitary, 56 
thyroid, 54-55, 5 4 / 

o f eyes, 59
hematologic changes in, 43-46 

coagulation system, 45-46, 46* 
iron metabolism, 44-45 
leukocytes, 45 
plasma volume, 43-44, 4 4 / 
platelets, 45, 4 5 / 
red cell mass, 43-44 

o f lower reproductive tract, 59 
cervix in, 59 
vagina in, 59 

microbiome in, 59-60 
gut, 60 
placental, 60 
vaginal, 60, 6 0 / 

o f pancreas and fuel metabolism, 56-57 
glucose, 56 
lipids, 56-57, 5 7 / 
proteins, 56-57 

in pregnancy, 550-551

o f respiratory system, 46-49 
gas exchange in, 47-48 
lung volume in, 47, 47' f  

mechanical changes in, 46 
pulmonary function in, 47 
sleep in, 48-49 
upper respiratory tract, 46 

o f skeleton, 57-58
calcium metabolism in, 57-58, 57f  

skeletal and postural changes in,
58

o f skin, 58
o f urinary system, 49-51 

anatomic changes in, 49 
renal hemodynamics in, 49-50 
renal tubular function and excretion 

o f nutrients in, 50-51 
maternal adaptation to multiple 

gestations, 709-710 
neonatal thermal regulation, 480, 480*, 

48 1 / 
placental, 2-25 

blood flow in 
umbilical, 19 
uteroplacental, 19 

endocrinology in, 20-22 
o f exocoelomic cavity, 12-13 
maternal-fetal exchange in, 14-15 
metabolism and growth in, 13-14 
o f secondary yolk sac, 12-13 
selective barrier in, 16 
substance-specific placental transport 

in, 16-19 
o f amino acids, 17-18, 17/ 
o f calcium, 19 
o f glucose, 17 
o f ions, 19 
o f lipids, 18-19 
o f respiratory gases, 16-17 
o f water, 19 

transport in, 14-16 
o f pregnancy, trauma in, 566 
renal, altered, 850-851, 85 1 / 851*

Pica, 52
from iron deficiency, 131 

Pierre-Robin sequence, 186 
Piezoelectric effect, 161 
Pigmentation, changes induced by

pregnancy, 1075-1076, 10766, 1076*, 
1077/

Pimecrolimus, for atopic dermatitis, 
1078-1079 

Pindolol, for hypertension, 698 
Piper forceps, 292/

use of, in breech presentation, 379, 38 0 / 
Piriformis, 1224.<?2/ 1224.^11/
Pituitary adenoma, 1069 
Pituitary gland 

anterior, 938-941
hormone changes in pregnancy, 938 
hypopituitarism in, 940 
lymphocytic hypophysitis in, 941 
Sheehan syndrome in, 940-941, 940* 
tumors in, 938-940 

acromegaly, 939-940 
clinically nonfunctioning adenomas, 

940

Physiology (Continued)
prolactinoma, 938-939, 939/ 
thyrotropin-secreting, 940 

maternal, 56 
posterior, 941 

Placenta
anatomy of, 2-25 

cross section of, 3 /  
overview of, 3 

and causes o f interrupted oxygenation, 
314-315

defective placentation, 580, 580/ 
defects o f formation of, 77 
delivery of, 262-263 
development of, 3-5, 4f  

amnion in, 5 
yolk sac in, 5 

diffusion in, 9, 15 
drug crossing in, 136 
endocrinology of, 20-22 

estrogens in, 20
human chorionic gonadotropin in, 

20-21 
leptin in, 22
placental growth hormone in, 22 
placental lactogen in, 21-22 
pregnancy-associated plasma protein A  

in, 22 
progesterone in, 20 

endometrium and, role of, 8-9 
extravillous trophoblast invasion in, 6-8, 

7 / 8 /
fetal-placental metastasis, 1070 
growth of, 738 
histaminase synthesis of, 53 
histology of, 9-12 
inspection and palpation of, 263 
manual extraction of, as uterine inversion 

risk factor, 417 
maternal-fetal exchange in, 14-15 

by bulk flow, 15 
by diffusion, 15 
by endocytosis/exocytosis, 16 
by solvent drag, 15 
by transporter protein-mediated 

processes, 15-16 
metabolic gradients in, 9 
nutrition in, 14 
oxygen consumption of, 13 
and oxygen transfer, 313-315, 31 3 / 
physiology of, 2-25 

blood flow in, 19 
o f exocoelomic cavity, 12-13 
maternal-fetal exchange in, 14-15 
metabolism and growth in, 13-14 
o f secondary yolk sac, 12-13 
secondary yolk sac and exocoelomic 

cavity in, 12-13 
selective barrier in, 16 
substance-specific placental transport 

in, 16-19 
transport in, 14-16 

retained, 275
as uterine inversion risk factor,

417
spiral artery conversion in, 6-8, 7 f - & f  

suboptimal implantation in, as abruptio 
placenta risk factor, 398

Pituitary gland (Continued)
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Placenta (C o n t in u e d )

surface of, clot and depression of, and 
abruptio placenta, 398-399 

in third stage o f labor, 275 
transfer through, mechanisms of, 314* 
transport in, 14-19, 14/ 

o f amino acids, 17-18, 17 f  

o f calcium, 19 
o f glucose, 17 
o f ions, 19 
o f lipids, 18-19 
o f respiratory gases, 16-17 
o f water, 19 

in twin-tw in transfusion syndrome, 71 6 / 
ultrasound of, 173-174, 173/ 
ultrasound screening for anomalies in,

188
umbilical cord insertion site, 263 
vasculature of, 11-12 
vasopressinase synthesis of, 51 
as villous hemochorial type, 3 
villous membrane in, integrity of, 11 
villous trees and, 3, 3 /  9 
weight of, normal term, 13-14 

Placenta accreta (PA), 6, 403-405, 456-466, 
45 7 /

clinical manifestations, 404 
as complication, o f cesarean delivery,

437
definition of, 403, 40 4 / 
diagnosis of, 404, 459-462 

laboratory findings for, 404 
magnetic resonance imaging, 461-462, 

4 6 1 / 461# 
pathologic studies, 404 
radiographic techniques for, 404, 40 4 / 
ultrasound imaging, 459-461, 

4 5 9 /4 6 0 / 
epidemiology, 457-459

cesarean delivery scar defects, 458-459, 
4 5 8 /4 5 9 / 

placenta previa with, 458 
incidence of, 403-404 
management of, 404-405, 462-464 

conservative, 463-464, 464# 
surgical, 462-463, 462#, 46 3 / 

pathogenesis of, 403, 456-457 
reproductive outcomes following, 464 
risk factors, 403-404, 404# 
uteroplacental relationships, 404f  

Placenta increta, 456, 457/, 459 
Placenta percreta, 456-457, 4 5 7 / 459, 

462-464 
Placenta previa, 400-403, 1014 

w ith accreta, 458 
bleeding, 403 
classification of, 400-401 
clinical manifestations of, 401 
as complication, o f cesarean delivery, 437 
definition, 400-401 
diagnosis of, 402 

potential for, 402# 
radiology of, 402, 40 2 / 

incidence of, 401
intrauterine growth restriction and, 740 
management of, 402-403 

asymptomatic, 402-403 
delivery, 403

Placenta previa (C o n t in u e d )  

expectant, 403 
outpatient, 402-403 

marginal, 400-401 
pathogenesis, 400-401 
risk factors for, 401-402 

cigarette smoking, 401 
cocaine use, 401 
increasing parity, 401 
infertility treatment, 401 
male offspring, 401 
maternal age, 401 
maternal race, 401 
multiple gestations, 401 
prior cesarean delivery, 401-402 
prior placenta previa as, 401 
prior uterine surgery, 401-402 
residence at higher elevations, 401 

smoking and, 149 
ultrasound of, 173-174 

Placental a-microglobulin 1 (PAMG-1), in 
premature rupture o f the membranes,
651

Placental abruption, 1014
as coagulopathy risk factor, 418 
as trauma, in pregnancy, 565 

Placental biopsy, 211
Placental blood vessels, interruption of, 314 
Placental delivery, 275 
Placental extraction, in cesarean delivery, 

434
Placental glucose transport, 865 
Placental growth factor (PGF), 752 
Placental growth hormone (PGH), 22 
Placental insufficiency

in antiphospholipid syndrome, 988 
in Doppler ultrasound, 756 
fetal impacts of, 741

behavioral responses, 743 
cardiovascular responses, 743 
CNS response, 745 
endocrine manifestations, 742 
hematologic responses, 742 
metabolic manifestations of, 741-742 

metabolic responses to, 741-742, 742# 
Placental lactogen, 21-22 
Placental lobes, accessory, as retained 

products o f conception risk factor,
415

Placental microbiome, 60 
Placental migration, 401 
Placental site trophoblastic tumor, 1072 
Placental transfer, o f analgesics, 349-350, 

349b

Placental-like growth factor (PLGF), 666 
Placentation

abnormal, as uterine atony risk factor,
406 

defective, 580
invasive, as uterine inversion risk factor,

417
normal, 580/

Placentation, polar, w ith breech 
presentation, 376 

P la n n e d  P a r e n th o o d  o f  C e n t r a l  M is s o u r i  v.

D a n fo r th ,  1184 
P la n n e d  P a r e n th o o d  o f  S o u th e a s te rn  

P e n n s y lv a n ia  v. Casey, 1184

Plasma lipids, increase in pregnancy, 56-57 
Plasma volume, 502

maternal, 43-44, 44f  805 
pregnancy-related changes in, 395 

Plasmapheresis, for hemolytic disease o f the 
fetus and newborn, 780-781 

Plasminogen activator inhibitor (PAI), 46 
Platelet

in HELLP syndrome, 672 
in preeclampsia, 671 

Platelet action, 966 
Platelet concentrates, for postpartum 

hemorrhage, 420 
Platelet transfusions, for HELLP syndrome, 

677-678 
Platelets

aspirin effects on, 149 
maternal, 45, 4 5 /

Platinum agents, for cancer, 1059 
PLGF. See Placental-like growth factor 

(PLGF)
P1GF (Placental growth factor), 752 
Pneumoamnion, 554-555 
Pneumococcal urinary antigen, 830 
P n e u m o cy s tis  c a r in i i  pneumonia (PCP). See  

P n e u m o cy s t is  j i r o v e c i  pneumonia (PJP) 
P n e u m o cy s t is  j i r o v e c i  pneumonia (PJP), 829, 

833-834, 83 3 / 1109 
Pneumonia

bacterial, 829-831, 830/
bacteriology of, 829
incidence of, 829
perinatal complications of, 829
P n e u m o cy s t is  j i r o v e c i ,  833-834, 833/
in pregnancy, 828-829
viral, 831-834

influenza virus, 831-832, 1113 
varicella virus, 832-833, 832f  

Pneumonitis, chemical, 829 
Pneumoperitoneum, in laparoscopy, 554 
Pol gene, HIV, 1101 
Polar body biopsy, 213 
Pollack, W illiam, 773 
Poly (ADP-ribose) polymerase (PARP) 

cleavage, 648 
Polycystic kidney disease, 188, 855, 188. e l f  

Polycystic ovary syndrome (PCOS), 95 
thyroid autoimmunity in, 931 

Polycythemia
in diabetes mellitus, 875 
in growth-restricted infants, 765 
neonatal, 486, 486#

Polyethylene glycol (PEG), colonoscopy and, 
1017

Polygenic disorders, 209-210 
Polyhydramnios, 172/ 173, 792-793 

amniotic fluid index for diagnosis, 
787-788 

causes of, 792b  

evaluation of, 792-793 
incidence of, 792 
from lithium, 142
rapid uterine decompression associated

with, as abruptio placenta risk factor,
398

in syphilis, 1096 
thanatophoric dysplasia and, 189 
transient, 792
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Polyhydramnios (C o n t in u e d )  

treatment of, 792-793 
ultrasound screening for, 187, 187.e3/ 

Polymerase chain reaction (PCR)
group B streptococcal infection, 1131 
for human immunodeficiency virus 

(H IV), 1109 
for parvovirus B19, 1115 
quantitative fluorescent, for cytogenetic 

diagnosis, 205 
reverse transcriptase polymerase chain 

reaction (RT-PCR), 1104 
for syphilis detection, 1094 
for toxoplasmosis, 1143 

Polymorphic eruption o f pregnancy (PEP), 
1083*, 1084-1085 

Polyploidy, 582 
Polyposis, 46
Polysomnographic studies, 48 
Polysomy, sex chromosome, 582 
Polysomy X  in girls, 198 
Polysomy Y in boys, 198 
Polythelia, 519
Polytherapy, o f antiepileptic drugs, 1036 
Polyunsaturated fatty acids (PUFAs), 126 

for preterm birth prevention, 640 
Polyuria, in acute renal failure, 854 
Pomeroy procedure, modified, for tubal 

sterilization, 439, 439f  

Ponderal index, 739, 746 
Population at risk, defining, 138 
Porencephalic cyst, ultrasound screening for, 

18 G .e A f

Porphyria, acute intermittent, 1006 
Porro, Eduardo, 426 
Portal hypertension, 1006-1007 
Portosystemic venous anastomosis, 53 
Position 

o f fetus, 251, 251/ 
landmarks of, 250/ 
malposition, 251 

maternal, changes in, as conservative 
corrective measure, 331 

Positive end-expiratory pressure (PEEP) 
for hemodynamic management, 825 
in pneumonia, 831 

Postdural puncture headache (PDPH),
355-356 

Posterior pituitary, 941 
Posterior reversible encephalopathy 

syndrome (PRES), 691 
Postmaturity, in prolonged pregnancy, 799 
Postoperative adjuvant therapy, ovarian 

cancer and, 1068 
Postpartum care, 116-117 
Postpartum hemorrhage, 1205

prevention of, in cesarean delivery, 434 
Postpartum period, 1202 

antiepileptic drugs and, 1041 
cardiovascular changes in, maternal, 43 
in chronic hypertension, 701 
in eclampsia management, 695 
health maintenance, 505-508

delayed postpartum hemorrhage, 507 
Edinburgh postnatal depression scale, 

506 b

maternal-infant attachment, 507-508 
pelvic care, 505-507

Postpartum period (C o n t in u e d )  

perineal care, 505-507 
postpartum anemia, 507 
postpartum infection, 507 

HELLP syndrome in, 676 
hemorrhage, 406-422 
H IV  infected women, care of, 1117 
long-term health considerations and,

499-516, 4 9 9 .f l/  
major depressive episode in, 1154 
managing perinatal grieving, 512-514,

513 b
posttraumatic stress disorder, 514 

maternal hemodynamics during, 804 
in maternal pulmonary hypertension, 822 
in multiple sclerosis, 1046 
postpartum involution, 499-505 

bone loss, 503-504 
cardiovascular system, 502-503 
cervix, 501 
coagulation, 502-503 
fallopian tube, 501 
hair growth, 503-504 
immunity, 502-503 
ovarian function, 501 
puerperium, management of, 504-505 
renal function, 503 
thyroid function, 502 
urinary tract, 503 
uterus, 499-501, 501/ 
weight loss, 501-502 

postpartum psychological reactions, 512 
o f preeclampsia management, 687-688 
pregnancy prevention, 508-512, 509* 

barrier methods, 512 
combined hormonal contraception 

(CHC), 510-511, 5106 
emergency contraception, 511 
injectable contraception, 510 
long-acting reversible contraception 

(LARC), 509-510, 509* 
natural family planning methods, 512 
progestin-only oral contraception, 511 
sterilization, 511-512 

rituals, 5006
tradition and superstition in, 499 

Postpartum thyroid dysfunction, 933-935, 
9346, 934/

Postpartum thyroiditis (PPT), 502, 933, 93 4 / 
Postpartum visit, components of, 116 
Postterm pregnancy, 271, 796-802 

definition of, 796 
diagnosis of, 797
elective induction o f labor, 278-279
etiology of, 797
and fetal mortality, 225
incidence of, 796-797
long-term neonatal outcomes of, 800-801
management of, 799-800

antenatal surveillance, 799-800 
expectant versus induction o f labor, 800 
labor induction, 800 

maternal complications of, 799 
multiple gestation in, 801 
perinatal morbidity and mortality of, 

797-799, 79 8 / 798* 
macrosomia, 799 
meconium, 799

Postterm pregnancy (C o n t in u e d )  

oligohydramnios, 798-799 
postmaturity, 799 

Posttranslational modification, o f histone 
tails, 85

Posttraumatic stress disorder (PTSD),
1160 

postpartum, 514 
Potassium, maternal, 50 
Potassium chloride, for selective termination, 

713
Potassium hydroxide (KO H) smear, for 

mastitis, 540 
Potential difference, 15 
Potter syndrome, w ith breech presentation, 

376
Power, ultrasonography, 161 
PPROM. S ee  Preterm premature rupture o f 

membranes (PPROM)
P-R segment analysis, and fetal status 

evaluation, 334-335 
Precesarean antibiotics, in cesarean delivery,

429-430
Precesarean thromboprophylaxis, in  cesarean 

delivery, 430 
Preconception care, 102-121 

components of, 103-105, 104/ 
Preconception counseling, for women with 

epilepsy, 1038-1040 
Preconception health counseling, 105-110 

body mass index in, 106-107 
obesity, 106-107 
overweight, 106-107 
pregnancy after bariatric surgery,

107
underweight, 107 
weight gain, 106 

genetic and family history in, 108 
hazards in, 108-110

environmental exposures, 110 
intimate partner violence, 109 
mercury exposure, 109 
occupational, 109-110 

immunization in, 107-108 
infections in, 107-108 
managing medication exposure in, 110 
maternal age in, 105-106 

advanced, 105 
teen pregnancies, 105-106 

optimizing care in, 104*, 110 
screening for chronic disease in, 110 
substance abuse in, 108-110

active and passive smoking, 108 
alcohol, 108-109 
amphetamine, 109 
C a n n a b is , 109 
cocaine, 109 
methamphetamine, 109 
opiates, 109 

Preconceptional diagnosis, 213 
Prednisolone, fetal effects of, 145 
Prednisone

in breast milk, 154 
fetal effects of, 145 
for Hodgkin lymphoma, 1062-1063 
for non-Hodgkin lymphoma, 1063 

Prednisone, for herpes (pemphigoid) 
gestationis, 1083
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Preeclampsia, 312-313, 664-689,
1205-1206 

acute glomerulonephritis and, 853 
after 20 weeks’ gestation, 665 
angiotensin II  and, 41 
atypical, 664 
BNP increase with, 52 
capillary leak syndrome and, 664-665 
chronic hypertension w ith superimposed 

preeclampsia, 663 
in clinical hypothyroidism, 928 
COP and, 41-42
counseling o f women with, 688-689 
criteria for diagnosis, 663* 
definition of, 662-663 
diabetes mellitus and, 876 
diagnosis of, 667-668 
fetal manifestations in, 665f  

genetics and genetic imprinting, 667 
gestational proteinuria, 665 
HELLP syndrome in, 671-678 

clinical findings of, 672-673 
differential diagnosis of, 673, 6736 
hepatic complications in, 678-680 

hematoma and rupture, 678-680, 
67 9 / 6806 

infarction, 678, 67 8 / 
liver transplantation for intractable 

hemorrhage, 680 
laboratory criteria diagnosis of, 

671-672, 6726 
management of, 673-675, 6746 

corticosteroids for, 674-675 
expectant, 673-674 
intrapartum, 677-678, 6776, 678/ 
postpartum, 678 
recommended, 676-677 

maternal and perinatal outcome of, 
675-676

pregnancy outcome of, 688-689, 689* 
hemodynamic monitoring in, 680-683 
hyperparathyroidism and, 911-912 
incidence of, 664
laboratory abnormalities in, 670-680 

hematologic changes, 671 
hepatic function, 671 
renal function, 670-671 

lip id peroxide, free radicals, and 
antioxidants, 667 

management o f
antepartum, 681-683 

bed rest, 681-682 
blood pressure medications, 682 
fetal and maternal surveillance,

682
gestational hypertension, 681, 681* 
hospitalization, 681 
recommended, 682-683 

control o f severe, 686-687, 68 6 / 
expectant, 683-684 
intrapartum, 685-686 
mode o f delivery in, 687 
postpartum, 687-688 
seizure prevention, 686 
with severe features, 683-688, 68 3 / 

684*
without severe features, 682-683, 

68 2 /6 8 3 /

Preeclampsia (C o n t in u e d )

maternal and perinatal outcomes with,
688

maternal manifestations in, 664/ 
oxidative stress in, 7-8, 667 
pathophysiology of, 666, 6666 
prediction of, 668-669 
prevention of, 669-670, 6696 

antiplatelet agents and low-dose 
aspirin, 669-670 

calcium supplementation, 669 
heparin or low-molecular-weight 

heparin, 670 
vitamins C and E, 670, 671* 

progression from gestational hypertension,
663/

prostanoids, changes in, 667 
proteinuria and, 50 
remote prognosis in, 689 
risk factors for, 665-666, 6656 

vitamin D  status as, 127 
severe, 1014
spiral artery conversion and, 7 
thrombotic thrombocytopenic purpura

and, 949 
uric acid level in, 49-50 
uterine vascular changes, 666 
vascular endothelial activation and 

inflammation, 666-667 
worsening of, 856 

Pregnancy
acute fatty liver of, as coagulopathy risk 

factor, 418 
acute renal disease in, 853-855 
acute renal failure in, 854-855 
adnexal masses in, 556-560, 55 7 /56 0 / 
after bariatric surgery, in preconception 

health counseling, 107 
altered renal physiology in, 850-851,

85 1 / 851* 
anatomic and physiologic changes of, 566 

fetal physiology, 566 
maternal, 566 

on anticonvulsant medications, effects of, 
1036-1037 

antiretroviral drugs in, 1106*-1107* 
asthma in, 837-843. See a lso  Asthma 
blood volume in, 4 4 / 805 
calcium homeostasis during, 911 
chronic renal disease in, 855-859 

effect of, 856-857 
management of, 857 

collagen vascular disease in, 981-997 
contrast in, 552 
cystic fibrosis and

counseling patients with, 846 
effect of, 845-846 
management of, 846-847 

drugs and environmental agents in,
136-159 

duration of, 271 
duration of, average, 616 
effects of, on asthma, 837 
energy cost of, 871 
epilepsy and, 1032-1041 
failed, ultrasound and, 169-170, 170/ 
gastrointestinal disorders during, 

1012-1029

Pregnancy (C o n t in u e d )  

goiter in, 916 
heart disease in, 803-827 
hematologic changes in, 43-46 
hematologic complications of, 947-964 
hemodialysis in, 857-858 
hepatic disorders during, 998-1011 
hypertension in, 662 
hypertensive disorders in, 984, 1205 
laparoscopy in, 554-556 

entry techniques, 554-555 
outcome in, 555-556 
relevant guidelines for, 554-555,

555 6
lupus flare in, 982-983 
lupus nephritis in, 983 
malignant diseases and, 1057-1074 
maternal and perinatal infection,

1099-1129 
maternal hemodynamics in, 804-806, 

823-825 
maternal physiology, 550-551 
maternal-fetal immunology during, 65 
neurologic disorders in, 1030-1056 
normal, patterns o f glycemia in, 881,

882/
nutrition during, 122-135 
obesity in, 899-909. S ee a lso Obesity 
outcome in, meta-analysis of, 555-556, 

556/
physiology, anesthesia and, 553, 553/ 
pituitary and adrenal disorders in,

938-946 
placenta accreta in, 458 
pneumonia in, 828-829 
postterm, 796-802
renal disease in, 850-861. S ee a lso  Renal 

disease
on renal function, effect of, 856 
respiratory disease in, 828-849 
rheumatoid arthritis in, amelioration of,

78-79
seizure frequency and, 1037 
short interval between, as uterine rupture 

risk factor, 416 
skin diseases and, 1075-1088 
sleep characteristics in, 48* 
solid-organ transplantation in, 78 
surgery in, 550-564 

bariatric, 560-561 
cardiac, 561
diagnostic imaging in, 551-552 

ionizing radiation, 551-552 
magnetic resonance imaging, 552 
ultrasound, 552 

fetal monitoring, 554 
neurosurgery, 561 
nonobstetric

anesthesia in, 552-553 
pregnancy outcome and, 553-554 

obesity and, 560-561 
teen, 105-106
termination, subsequent preterm birth

risk after, 622-623 
therapeutic endoscopy during, 1001-1002 
thromboembolic disorders in, 965-980 
thrombosis in, 967-977. S ee  a lso  

Thrombosis
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Pregnancy (Continued)
thyroid and parathyroid diseases in,

910-937. See also Parathyroid diseases 
thyroid cancer before, 933 
trauma in, 565-577 
tuberculosis in, 834-837. See also 

Tuberculosis 
unintended, 1201-1202 

Pregnancy and lactation-associated 
osteoporosis (PLO), 915 

Pregnancy and M ultiple Sclerosis (PRIMS) 
study, 1042 

Pregnancy loss, 578-594 
with amniocentesis, 210 
from cervical insufficiency, 586 
with chorionic villus sampling, 211 
chromosomal rearrangements, 583-584 

inversions, 584 
translocations, 583-584 

from diabetes mellitus, 585 
etiology, mendelian and polygenic/ 

multifactorial, 584 
from exogenous agents, 587-588 

alcohol, 587 
caffeine, 587-588 
chemicals, 588
chemotherapeutic agents, 587 
cigarette smoking, 588 
contraceptive agents, 588 
radiation, 587 

frequency of, 579 
from infections, 586 
from intrauterine adhesions (synechiae), 

585
late (stillbirth), 590-591 

genetic factors, 591 
maternal evaluation, 591, 591 b 
maternal risk factors for, estimates of, 

590*
polygenic/multifactorial disorders, 591 
recurrence, 590-591 
subsequent pregnancies, management 

in, 591 
from leiomyomas, 586 
from luteal phase defects, 585 
from medications, 588 
from Mullerian fusion defects, 585-586 
numerical chromosomal abnormalities 

autosomal trisomy, 581-582, 581* 
frequent cause of, 580-583 
monosomy X, 582-583, 582f  

polyploidy, 582
recurrent aneuploidy, 583, 583* 
recurrent losses and, 583 
sex chromosome polysomy, 582 
types of, 581-583 

obstetric outcome after, complications in, 
592

placental anatomic characteristics of, 
579-580, 580/ 

from psychological factors, 588 
recurrence risk of, 579, 579* 
recurrent, management of, 589-590 

formal evaluation for, necessity of, 589 
recommended evaluation, 589-590 

from thrombophilias 
acquired, 586-587 
inherited, 587

Pregnancy loss (Continued)
from thyroid abnormalities, 585 
tim ing of, 579 
from trauma, 588 

Pregnancy loss, in systemic lupus 
erythematosus, 983 

Pregnancy markers, early, and fetal mortality, 
225

Pregnancy outcomes
in congenitally corrected transposition o f 

the great arteries, 817* 
with Fontan procedure, 818* 
in HELLP syndrome, 674-675 
laparoscopy and, 555-556 
o f multiple sclerosis, 1042 
obstetric, complications in, 592 
in transposition o f the great arteries,

817* 
w ith trauma, 566 

Pregnancy prevention, 508-512, 509*. See 
also Birth control 

Pregnancy termination, in breast cancer,
1061

Pregnancy-associated hyperkeratosis o f the 
nipple, 1076*

Pregnancy-associated plasma protein A  
(PAPP-A), 22, 198-199, 752 

Pregnancy-associated sleep disorder, 48 
Pregnenolone, 20
Preimplantation genetic diagnosis (PGD), 

582-583. See also Genetic diagnosis, 
preimplantation 

Preload, 312
Premature birth, in cocaine use, 151 
Premature rupture o f the membranes 

(PROM), 647-660 
biophysical profile and, 235-236 
clinical course after, 649 
diagnosis of, 650-651 
etiology of, 648
group B streptococcal infection and, 

1130-1131 
group B Streptococcus in, 648, 651 
management of, 651-657 

antibiotic, 655 
cervical cerclage, 656 
corticosteroid, 654-655 
general considerations of, 651 
herpes simplex virus, 656 
initial, 65 2 /
magnesium sulfate for neuroprotection,

655
near term (32 to 36 weeks), 652-654, 

653/
previable, 656-657, 657f  

remote from term (23 to 31 weeks), 
654, 654/ 

at term, 651-652 
tocolysis, 655-656 

oligohydramnios and, 647-648, 650,
790

and oxytocin for labor induction,
281-282

prediction and prevention of, 648-649, 
649*

preterm premature rupture o f membranes 
as abruptio placenta risk factor, 398 
and breech presentation, 384

Premature rupture o f the membranes 
(PROM) (Continued) 

risks for, 649-650
fetal and neonatal, 650 
maternal, 649-650 

smoking and, 149 
Prematurity

breech presentation with, 376 
and brow presentation, 374 
and compound presentation, 374 
glucocorticoids and, 93-94 

Premedication, 359 
Prenatal care, 102-121, 1169-1170

changing paradigm to include life-course 
perspective, 102-105 

common patient-centered issues in, 
114-115

activity and employment in, 114 
backache in, 115 
heartburn in, 115 
nausea and vomiting in, 114-115 
nutrition in, 114 
prepared parenthood and support 

groups in, 115 
sexual activity in, 115 
travel in, 114 

components of, 110 
definition of, 103 
education for, 116 
efficacy of, 110-111
evidence and rationale for paradigm shifts 

in, 103 
and fetal mortality, 222-223 
goals of, 103
high tech versus low tech, 110-111 
intercurrent problems in, 113-114 
laboratory evaluation in, 112 
physical evaluation in, 112 
for preterm birth prevention, 640 
recommendations for, 111*, 113* 
record of, 115-116 
repeat visits for, 112-113 
reproductive life plan in, 105 
risk assessment for, 111-112 

initial prenatal visit in, 111 
medical, 111-112 
obstetric, 112
social and demographic, 111 

as teachable moment, 103 
Prenatal cytogenetic testing 

accuracy of, 205-206 
indications for, 202-205

assisted reproduction through
intracytoplasmic sperm injection 
as, 203

chromosome microarrays and,
203-205

parenteral chromosome rearrangements 
as, 202

previous child w ith chromosome 
abnormality as, 202 

Prenatal diagnosis, 1189-1193 
Prenatal genetic testing, 210 
Preoxygenation, in  general anesthesia for 

cesarean delivery, 361-362 
Preparatory division o f labor, 271-272 
Prepregnancy counseling, for thyroid 

diseases, 918
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PRES. See  Posterior reversible
encephalopathy syndrome (PRES) 

Presentation, 249-250, 251/
abnormal axial, 369-370, 36 9 /3 7 0 / 
breech, 251, 376-382 
brow, 373-374, 37 3 /3 7 5 / 
cephalic, 251
compound, 249-250, 374-376, 375/ 
deflection attitude, 371, 371/ 
face, 371-373, 37 1 /3 7 2 / 
funic, 249-250 
normal, 368, 369/
shoulder dystocia, 387-392, 38 7 / 389/ 

391/
transverse (oblique), 369, 36 9 /3 7 0 / 
vertex, 251 

Presenting diameter, 250-251, 250/
President Clinton’s National Bioethics 

Advisory Commission, 1188-1189 
Pressure transducer, 310 
Preterm birth (PTB), 615-646 

biophysical profile and, 236 
in hreech presentation, 384 
cesarean delivery in, 639 
clinical risk factors for spontaneous,

619-623 
behavioral factors, 620 

nutritional factors, 620 
physical activity as, 620 
smoking and substance abuse as, 620 

current pregnancy risks
bleeding and vanishing twins, 623 
mode o f conception, 623 
multifetal gestation and uterine 

distension, 623 
genetic contributors to, 622 
medical factors of, 620 

cervical length, 620 
cervical procedures, 620 
congenital abnormalities o f uterus, 

620
genitourinary tract factors, 620 
infections, 620 
periodontal disease, 620 

pregnancy history, 622-623, 62 3 / 
race and ethnicity in, 621-622 
scoring systems, 623 
social determinants of, 620-622, 

62 1 /6 2 2 / 
definitions of, 277, 616 
demographic of, 619, 619b  

epidemiology of, 619, 619b  

frequency of, 616, 61 7 /6 1 8 / 
hemodialysis and, 857-858 
intrapartum assessment o f fetus and,

638
labor and delivery of, 639. See a lso  

Preterm labor 
late, 641-643, 64 2 / 
in multiple gestations, 724-727 
nonobstetric surgery in, 554 
pathophysiology o f spontaneous, 623-628 

allergy-induced preterm labor, 627 
cervical changes (softening and 

ripening), 624 
cervical insufficiency, 627-628, 627/ 
decidual membrane activation, 625 
endocrine disorders, 628

Preterm birth (PTB) (C o n t in u e d )

fetal participation in onset o f labor, 625 
fetal-maternal tolerance breakdown,

627
increased uterine contractility, 624-625 
intrauterine infection, 625-626 

as chronic process, 626 
fetal inflammatory response 

syndrome, 626 
frequency, 626
gene-environment interactions, 626 

preterm parturition syndrome, 625,
628

uterine overdistention, 627 
uteroplacental ischemia and decidual 

hemorrhage, 626-627 
in premature rupture o f the membranes,

648-649, 649# 
prevention of, 639-644 

late, 641-643, 642f  

primary prevention of, 643-644 
public and professional policies, 

643-644 
public educational interventions,

643
social determinants o f health, 644 

progesterone and cerclage, 641 
secondary prevention of, 639-641 

antibiotic treatment, 640 
care algorithm for women with 

prior, 642f  

cervical cerclage, 641 
cervical ultrasound screening, 641,

641 b
maternal activity modification, 

640-641 
nutritional supplements, 640 
periodontal care, 640 
before pregnancy, 639-640 
during pregnancy, 640 
prenatal care, 640 
progestogens, 640-641, 640# 

recurrent, risk of, 623/ 
in systemic lupus erythematosus, 984 
with trauma, in pregnancy, 565 

Preterm fetus, and vacuum delivery, 303 
Preterm infant 

feeding, 481 
late, 496
resuscitation in, 477 

Preterm infant, labor and delivery for, 
638-639

Preterm infants, glucocorticoids and, 93 
Preterm labor, 615-646, 1014 

as adaptive mechanism, 625 
allergy-induced, 627 
clinical care for women in, 628, 628b  

definition of, 1037 
diagnosis of, 628-630

amniocentesis for, 629-630 
diagnostic tests for, 629, 629b  

fetal karyotype determination, 630 
fetal pulmonary maturity testing, 630 
testing for infection, 630 

treatment for women in, 630-638 
antenatal corticosteroids, 630-631 

duration o f benefit, 631 
fetal effects of, 631

Preterm labor (C o n t in u e d )

maternal effects of, 631 
risks of, 631 

antibiotics, 630
maternal transfer to hospital, 630 
to reduce fetal/neonatal morbidity,

631-632 
neurologic morbidity, 631-632 
respiratory distress, 631 

tocolysis in, 632-638 
atosiban, 637-638 
calcium channel blockers, 633-635 
choosing of, 633-638 
clinical use of, 638 
contraindications to, 633 
cyclooxygenase inhibitors, 635-636 
efficacy of, 632-633 
magnesium sulfate, 635 
maintenance treatment of, 638 
[3-mimetic tocolytics, 636-637 
nitric oxide donors, 637-638 
persistent contractions, 638,

638 b
pharmacology of, 633, 633f  

Preterm parturition syndrome, 625, 628 
Preterm premature rupture o f membranes 

(PPROM) 
as abruptio placenta risk factor, 398 
and breech presentation, 384 
fetal inflammatory response syndrome 

and, 626 
magnesium sulfate for, 632 
preterm birth and, 625 
preterm parturition syndrome and,

625
Preventable adverse events 

factors contribute to, 1175 
obstetric, frequency of, 1174-1175 

Preventable event, defined, 1174-1175 
P re v o te l la  species 

pelvic abscess, 1140 
puerperal endometritis, 1137 

Primary headache disorders, 1046. See  also  

Headache 
Primary hyperaldosteronism, 943 
Primary myxedema, 928 
Primigravidity, as postterm pregnancy risk 

factors, 797 
Procarbazine, for Hodgkin lymphoma, 

1062-1063 
Process measures, 1179 
Prochlorperazine, fetal effects of, 146 
Progesterone 

actions of, 20
autoimmune progesterone dermatitis,

1079
functional withdrawal of, 247 
gallbladder function and, 53 
in multiple gestations, 725-726 
placental, 20
for premature rupture o f the membrane 

prevention, 649 
preterm labor and, 628 
synthesis of, 20
as treatment, to cervical cerclage, 

610-611, 610/ 
ureteral dilation from, 49 

Progesterone receptors, 246, 628
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Progestins
in breast milk, 154 
in contraceptives, 815 
diabetes mellitus and, 895 
fetal effects of, 139 
oral contraception, 511 

Progestogens, for preterm birth prevention, 
640-641, 640*

Programming 
brain, 92 
cardiac, 91-92 
endocrine, 95 
energy-balance, 86-92 
by environmental agents, 87-89 
epigenetics and, 84-86 
gestational, 84-85, 84 / 
hepatic, 89-90 
obesity, 88-89 
osteoporosis, 92 
pancreatic, 90-91 
renal, 96-97 
sexuality, 95-96 

Prolactin (PRL)
changes in pregnancy, 938 
maternal, 56 
m ilk production, 519 
postpartum, 501 

Prolactinoma, 938-939, 939/
Prolonged pregnancy, 796-802. See also  

Postterm pregnancy 
defined, 796 
diagnosis of, 797 
etiology of, 797 
incidence of, 796-797 
management of, 799-800 
perinatal morbidity and mortality of, 

797-799
PROM. S ee  Premature rupture o f the 

membranes (PROM)
Promethazine, 349
Prophylactic precesarean interventions, in 

cesarean delivery, 430-431 
Propofol

for convulsions, in local anesthetics,
353

for induction o f general anesthesia, 362 
Propranolol

in breast milk, 153 
fetal effects of, 144 

Propylthiouracil (PTU) 
in breast milk, 155 
fetal effects of, 144 
hepatic toxicity of, 922-923 
methimazole versus, 9236 
for postpartum thyroiditis (PPT), 502 
recommended dose of, 923-924 

Prospective studies, 139 
Prostacyclin

in preeclampsia, 667 
for pulmonary hypertension, 822 

Prostaglandin E2, for uterine atony, 408 
Prostaglandin F2a, for uterine atony, 408 
Prostaglandins

for cervical ripening, 283-284 
prostaglandin E1; 283-284 
prostaglandin E2, 283 

Cervidil, 283 
Prepidil, 283

Prostaglandins (C o n t in u e d )

for midtrimester induction, 285 
in preeclampsia, 667 
side effects, 283
uterine activity regulation during 

pregnancy and labor, 246-247, 
247/

for uterine atony, 408 
Prosthetic valves, 812-814 
Protamine sulfate, 974 
Protease inhibitors, 1108 
Protein C, 46 
Proteins

in diabetic nephropathy, 877 
in infant feeding, 481 
maternal, 56-57, 5 7 / 
maternal needs for, 126 
urinary excretion of, 50 

Proteinuria, 50 
definition of, 662 
in diabetes mellitus, 876-877 
in eclampsia, 689 
gestational, 665 
prenatal care for, 113 
worsening of, 856 

P ro te u s  species
acute pyelonephritis, 1134-1135 
asymptomatic bacteriuria and acute 

cystitis, 1133 
puerperal endometritis, 1137 
septic shock, 1141 

Prothrombin complex concentrate, for 
coagulopathy, 419 

Prothrombin time (PT), 46 
in preeclampsia, 671 

Protraction
in compound presentation, 375-376 
defined, 273
disorders in active phase o f labor, 

273-274
cephalopelvic disproportion (CPD), 

274
malpresentation, 274 

inadequate uterine activity, 273-274 
Prune belly syndrome, 188 
Prurigo o f pregnancy (PP), 1083*, 1086 
Pruritic folliculitis o f pregnancy (PFP), 

1083*, 1086/
Pruritic urticarial papules and plaques 

o f pregnancy (PUPPP), 1084,
1085/

Pruritis
differential diagnosis of, 1000 
in intrahepatic cholestasis o f pregnancy,

1008
Pruritus, in  pregnancy, 1082 
P r u r i t u s  g r a v id a r u m ,  1082 
Pseudoacanthosis nigricans, 1076* 
Pseudoephedrine 

in breast milk, 153 
fetal effects of, 147 

Pseudohypoparathyroidism, 914 
Pseudomembranous colitis, 1016 
Pseudomosaicism, 205 
Pseudotumor cerebri. See  Idiopathic 

intracranial hypertension 
Psoas major, 1 2 2 4 .f l l/
Psoriasis, 1079

Psychiatric disorders, 1147-1148,
1154-1155

anxiety disorders, 1160-1161
diagnosis and prevalence of, 1160 
effects during childbearing, 1161 
natural history across childbearing, 

1160-1161 
treatment of, 1161 

defined, 1147-1148 
eating disorders, 1161-1163

diagnosis and prevalence, 1161-1162, 
11626

natural history across childbearing, 
1162-1163 

treatment of, 1163
o f anorexia nervosa, 1163 
o f bulimia nervosa, 1163 

maternal stress associated with, 93 
mood disorders, 1149-1160 

bipolar disorder, 1155-1160 
major depressive episode, 1149-1155 

schizophrenia, 1163-1165
diagnosis and prevalence, 1163-1164 
natural history across childbearing, 1164 
treatment interventions for, 1164-1165 

substance-related disorders, 1165-1170 
diagnosis and prevalence, 1165-1166,

11666
Psychoactive drugs, fetal effects of, 142-143 
Psychological defenses, genetic counseling 

and, 195
Psychological factors, pregnancy loss from, 

588
Psychological reactions, postpartum, 512 
Psychoprophylaxis, for labor, 347 f  

Ptyalism, 52
Pubic symphysis, 1224.e l f ,  1224.c8/ 

widening of, 58 
Pubis, 1 2 2 4 .fl/
Pubococcygeus, 1224.c2/1224.c3/ 

1 2 2 4 .f l l/
Puborectalis, 1224.c3f

Pudendal artery, internal, 1 2 2 4 .e ll/
Pudendal canal, 1224.e5/
Pudendal nerve, 1224.c8f ,  1224.el5f  

Pudendal nerve block, 358-359, 36 0 / 
Pudendal vessels, 1224.e 8 f  

Puerperal endometritis, 1137-1139 
clinical presentation, 1137-1138 
diagnosis of, 1137-1138 
differential diagnosis of, 1139* 
epidemiology of, 1137 
management of, 1138, 1138* 
prevention of, 1139 
sequelae, 1139-1142 
treatment for, 1136* 
wound infection, 1139-1140 

Puerperium 
management of, 504-505 
period, cardiovascular system in, 42-43 

Pulmonary artery wedge pressure (PAWP) 
in aortic stenosis, 812 
hemodynamic management of, 825 
hemodynamic monitoring of, 82 4 / 

Pulmonary capillary wedge pressure 
(PCWP)

colloidal oncotic pressure (COP) and, 
41-42
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Pulmonary capillary wedge pressure 
(PCWP) (C o n t in u e d )  

in mitral stenosis, 810/ 
in preeclampsia, 680 
pulmonary edema and, 41-42 

Pulmonary causes, o f respiratory distress, 
neonatal, 488-489, 48 9 /

Pulmonary congestion
in mitral regurgitation, 811 
in mitral stenosis, 809 

Pulmonary development
air-blood barrier, formation of, 469 
circulatory transition, 473-474, 4 7 3 / 

47 4 / 47A t  

fetal breathing, 472 
first breaths, 472 
neonatal, 469-472 
surfactant

composition of, 469, 47 1 / 
glucocorticoids in, 471-472 
LaPlace law, 469, 470f  

metabolism, 469, 47 0 / 
pressure-volume relationships, 469, 

47 1 / 
protein, 469-471 

Pulmonary edema
capillary leak syndrome and, 664-665 
COP and, 41-42 
in eclampsia, 692 
in HELLP syndrome, 675 

Pulmonary embolism
clinical signs and symptoms of, 971 
D-dimer assays for, 972 
definition of, 965 
lower extremity evaluation, 972 
magnetic resonance angiography for,

971-972
nonspecific studies for, 970-972 
spiral computed tomographic pulmonary 

angiography for, 971 
symptoms of, 966 
treatment of, 975-977
ventilation-perfusion scanning for, 971 
workup on, for suspected patients,

972-973, 9 7 2 /9 7 3 /
Pulmonary function 

maternal, 47
normal values in pregnancy, 1215* 

Pulmonary hypertension 
in heart disease, 822 
from indomethacin tocolysis, 635-636 
persistent, from selective serotonin 

reuptake inhib itor (SSRI), 143 
Pulmonary hypoplasia, 650 
Pulmonary maturation, fetal 

assessment of, 240-241 
determination of, in clinical practice, 241 
measurement o f surfactant function in,

241
quantitation o f pulmonary surfactant in,

240-241 
tests of, 240 

Pulmonary sequestration, 187, 187.e l f  

Pulmonary vascular resistance (PVR) 
decrease in, 31-32 
fetal, 474
in mitral stenosis, 809 

Pulse rate, postpartum, 502-503

Pulse-wave Doppler, 164-165, 165/
Purified protein derivative (PPD), 834, 835/ 

algorithm for management, 835-836, 836/ 
Pushing and breathing technique, alteration 

of, as conservative corrective measure,
332

PVL. See  Periventricular leukomalacia (PVL) 
Pyelectasis, 188 
Pyelonephritis, 49, 852-853 

acute, 1134-1135, 1134/ 
in sickle cell disease, 957 

Pyogenic granulomas, 52, 1077, 1077f  

Pyridoxine, 129
Pyrimethamine, in toxoplasmosis, 1144 
Pyrosis

differential diagnosis of, 1015, 10156 
as gastrointestinal disorders, 1019-1021

Q
Quad screen, 200
Quantitative fluorescent polymerase chain 

reaction (QPCR), for cytogenetic 
diagnosis, 205 

Quetiapine, for schizophrenia, 1164-1165 
Quinolones

for community-acquired pneumonia, 831 
fetal effects of, 148 

Quintero staging, 715-716, 715*, 718

R
Race

and ethnicity, in preterm infant, 621-622, 
621* 

maternal
perinatal mortality rate (PMR), 220, 

220/
as placenta previa risk factor, 401 

Radiant warmer, 480-481 
Radiation 

exposure
from diagnostic procedures, 973-974, 

973*
in pregnancy, 551-552, 551 *-552* 

acute, 155 
ionizing, 155-156 
mutagenesis from, 156 

pregnancy loss from, 587 
Radiation therapy

for breast cancer, 1062 
for cancer, 1059 
for colorectal cancer, 1069 
for Hodgkin lymphoma, 1062 

Radioactive iodine, fetal effects of, 144 
Radiography

in abruptio placenta, 398 
o f acute appendicitis, 1022 
fetal exposure to radiation in, 156* 
o f gastrointestinal disorders, 1016-1017, 

1017*
pelvimetry

in breech presentation, 382 
in brow presentation, 374 

in placenta accreta, 404, 404/ 
o f renal pelvis dilation in pregnancy, 850, 

851/
Radiopharmaceuticals, breastfeeding and, 

152
Radius length, normal values for, 1221*

Ranitidine, fetal effects of, 146 
RANTES (CCL5), 70 
Rapid eye movement (REM) sleep, 48-49 
Rapid influenza diagnostic tests (RIDTs), 

1113
Rapid plasma reagin (RPR), for syphilis 

detection, 1094
Rash

measles, 1115 
rubella, 1117, 1117/
“slapped cheek,” 1114-1115, 1114/ 
varicella, 1120 

RDS. See  Respiratory distress syndrome 
(RDS)

Reciprocal translocations, 584 
Recombinant activated factor V II, for 

coagulopathy, 419 
Recommended Daily Allowances (RDAs),

127
Record, prenatal, 115-116 
Rectal artery, middle, 1224.e l l /
Rectal cancer, 1070-1073 
Rectal plexus, 1224.el4 /
Rectouterine pouch, 1224.c9/
Rectum, \ 2 2 4 .e 2 f i  1224.e8/-1224.e9/

1224. e l l /
Recurrent aneuploidy, 583*

genetic counseling and management for, 
583

Recurrent early miscarriage, in
antiphospholipid syndrome, 988 

Recurrent pyelonephritis, 852 
Red blood cell (RBC)

mass of, pregnancy-related increase of,
395

for postpartum hemorrhage, 420 
Red blood cell mass

maternal, 43-44, 4 4 / 805 
blood volume in, 551 

trauma, in pregnancy, 566 
Red blood per rectum, differential diagnosis 

of, 1016
Red cell alloimmunization, 770-785. See also  

RhD alloimmunization 
historic perspectives of, 770-771 
incidence of, 771, 771/ 
nomenclature of, 770 
pathophysiology of, 771-772 

Reduction mammoplasty, 535 
Reflux

gastroesophageal, management of, 841 
vesicoureteral, 855 

Refractory obstetric antiphospholipid 
syndrome, 990 

Regional anesthesia, 364-365
advantages and disadvantages, 3646 
postoperative care, 365 

Regulatory B cells, 75-77 
Regulatory T  cells, 73, 75 
Relative risk, 139 
Relaxin

AVP regulation of, 51 
pubic symphysis widening and, 58 

Religious Freedom Restoration Act (RFRA),
1187-1188 

Renal agenesis, 187-188, 187. e A f  

Renal artery stenosis, 855 
Renal biopsy, 857
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Renal cell carcinoma, 1069 
Renal changes, pregnancy-related, 52 
Renal disease 

acute, 853-855 
acute renal failure, 854-855 
glomerular disease, 853-854 
hemolytic uremic syndrome, 855 
nephrotic syndrome, 855 
polycystic kidney disease, 855 
renal artery stenosis, 855 
urolithiasis, 853 
vesicoureteral reflux, 855 

altered renal physiology and, 850-851, 
851 /851* 

asymptomatic bacteriuria and, 851-852, 
8526 

chronic, 855-859 
effect of, 856-857 
management of, 857 

and fetal mortality, 224 
overview of, 850 
in pregnancy, 850-861 

Renal function
in HELLP syndrome, 689 
normal values in pregnancy, 1216* 
postpartum, 503 
in preeclampsia, 670-671 
pregnancy on, effect of, 856 

Renal hemodynamics, maternal, 49-50, 50* 
Renal ischemia, 854 
Renal physiology, altered, in pregnancy, 

850-851, 851/ 851 *
Renal plasma flow 

postpartum, 503 
in preeclampsia, 670-671 
in pregnancy, 49 

Renal programming, 96-97 
Renal transplant, 858-859, 8596 
Renal tubular function, and excretion o f 

nutrients, 50-51 
Renin, 51-52

in cardiovascular regulation, fetal, 32 
Renin-angiotensin-aldosterone system 

fetal, 32-33 
maternal, 51-52 

Reproductive age, prevalence o f obesity in, 
899-900, 900*

Reproductive health, 1196-1205 
contraception of, 1202-1203 
improving, and well-being o f all mothers, 

1204-1205, 12056 
induced abortion and, 1203-1204 
unintended pregnancy of, 1201-1202 

Reproductive liberty, 1183-1186 
Reproductive life plan, definition of, 105 
Reproductive tract, lower, maternal, 59 
Reprotox, 157
Rescue therapy, for asthma, 839 
Research, practical advice on volunteering, 

1209
Residency training, in operative vaginal 

delivery, 304-305, 304*
Residual volume (RV), maternal, 4 7 / 
Resource-poor countries, prevention and 

management in, 1205-1207 
cesarean delivery, 1207 
human immunodeficiency virus and 

malaria, 1206

Resource-poor countries, prevention and 
management in (C o n t in u e d )  

obstructed labor and obstetric fistula,
1206-1207 

postpartum hemorrhage, 1205 
preeclampsia/eclampsia, 1205-1206 
sepsis, 1206 

Respiratory acidemia, 315-316, 335-336 
Respiratory alkalosis, maternal, 47 
Respiratory disease

asthma, 837-843. S ee a lso  Asthma 
pneumonia

bacterial, 829-831, 830/ 
bacteriology of, 829 
incidence of, 829 
perinatal complications of, 829 
P n e u m o cy s t is  j i r o v e c i ,  833-834, 833/ 
in pregnancy, 828-829 
viral, 831-834. See a lso Viral pneumonia 

in pregnancy, 828-849 
restrictive lung disease, 843-847 

cystic fibrosis, 844-847 
sarcoidosis, 844 

tuberculosis. S ee  a lso  Tuberculosis 
diagnosis of, 834-835, 8346, 835/ 
extrapulmonary, 835 
in pregnancy, 834-837 
prevention of, 835-836, 836/ 
purified protein derivative (PPD), 834, 

835/ See a lso  Purified protein 
derivative (PPD) 

treatment of, 836, 837*
Respiratory distress

corticosteroids for, 471-472 
neonatal, 487-489

cardiovascular causes, 487 
pulmonary causes, 488-489, 48 9 / 

Respiratory distress syndrome (RDS), 240 
amniotic fluid index (AFI) for assessment, 

238
corticosteroids for, 631
in diabetes mellitus, 874
in premature rupture o f the membranes,

650, 654-655
in preterm infants, 618 
pulmonary maturation assessment, 

antepartum, 240 
in clinical practice, 241 

Respiratory gases, placental transport of, 
16-17

Respiratory morbidity, neonatal, in elective 
labor induction, 279, 279*

Respiratory physiology, to pregnancy,
550-551

Respiratory system, maternal, 46-49 
gas exchange in, 47-48 
lung volume in, 47, 4 7 / 
mechanical changes in, 46 
pulmonary function in, 47 
sleep in, 48-49 
upper respiratory tract, 46 

Resting metabolic rate (RMR), 125-126, 126/ 
Restitution, in fetus delivery, 262 
Restless legs syndrome, 48 
Restrictive lung disease, 843-847 
Resuscitation, 474, 47 4 / 477 

Apgar scoring system, 475* 
bags used for, 47 7 /

Resuscitation (C o n t in u e d )  

drugs for, 475-476, 477* 
equipment for, 475* 
fetal, diabetic ketoacidosis, 884 
laryngoscopy for endotracheal intubation,

475, 47 7 / 
mechanical causes o f failed, 476* 
steps in, 475-476 

Retained placenta, in premature rupture o f 
the membranes, 649-650, 656 

Retained products o f conception, 415-416 
clinical manifestations of, 415 
definition of, 415 
incidence of, 415 
management of, 416 
manual uterine exploration, 416 f  

pathogenesis of, 415 
risk factors, 415 
as uterine atony risk factor, 406 

Reticulate body (RB), in Chlamydia,
1090

Reticulocytosis, 772 
Retinoic acid, 127 
Retinol, 127 
Retinopathy

diabetic, 877-878 
o f prematurity, 495-496, 618 

Retroperitoneal hematoma, 414, 41 5 / 
Retroplacental hematoma, and abruptio 

placenta, 398 
Retroviruses, 1101
Reverse transcriptase polymerase chain 

reaction (RT-PCR) 
for hepatitis E virus (HEV), 1125 
for human immunodeficiency virus 

(H IV ), 1104 
for influenza, 1113 
for rubella, 1117 

Reversible cerebral vasoconstriction, 1050 
Reye syndrome, as influenza virus 

complication, 1113 
RFRA. See  Religious Freedom Restoration 

Act (RFRA)
Rh immune globulin

w ith chorionic villus sampling, 211 
trauma and, in  pregnancy, 571 

Rh-negative woman, Kleihauer-Betke (KB) 
test in, 571 

Rh0(D) immune globulin, in placenta 
previa, 403 

RhC antibodies, 782 
Rhc antibodies, 781-782 
R h C E  gene, 772, 77 2 /
RhD alloimmunization

clinical management of, 778
first affected pregnancy, 778, 77 9 / 
previously affected fetus or infant,

778
diagnostic methods of, 776-778 

amniocentesis, 777 
critical titer, 776 
fetal blood sampling, 777 
fetal blood typing, 776-777 
maternal antibody determination, 776 
ultrasound, 777-778, 7 7 7 /7 7 8 / 

history of, 773 
incidence of, 771
intrauterine transfusion and, 778-780
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RhD alloimmunization (C o n t in u e d )  

pathophysiology of, 771 
hyperresponders, 771 
nonresponders, 771 
responders, 771 
sensibilized patients, 771 

prevention of, 773-778 
history of, 773
indications for Rh immune globulin, 

774-776, 77 4 / 775* 
preparations of, 773-774 

RhD gene, 772, 77 2 /
RhE antibodies, 782 
Rhe antibodies, 782 
Rhesus alloimmunization, 772-773 

genetics of, 772-773, 77 2 /
Rhesus immune globulin (RhIG), 113 

after postpartum tubal ligation, 776 
dose of, 775
failed prophylaxis of, 776 
half-life of, 775 
history of, 773
indications for, 774-776, 77 4 / 775* 
preparations of, 773-774 
tim ing o f administration of, 775 

Rheumatic heart disease, 809, 811 
Rheumatoid arthritis, 991-993 

antirheumatic drugs for, 992 
clinical manifestations of, 991 
diagnosis of, 991, 991* 
management o f pregnancies complicated 

by, 993
in pregnancy, amelioration of, 78-79 
pregnancy considerations in, 991-992 

Rheumatoid factor (RF) antibodies, 991 
RhIG. S ee  Rhesus immune globulin (RhIG) 
Rhinitis, allergic, management of, 841 
Rhythm method, natural family planning 

(NFP), 512 
Ribavirin

for hepatitis C virus (HCV), 1124 
for viral pneumonia, 1116 

Rifampin, for tuberculosis, 834 
Right lower quadrant abdominal pain, 1013, 

10136
Right upper quadrant abdominal pain,

999-1000, 10006 
Risk assessment, in prenatal care, 111-112 
Risk ratio, for perinatal mortality, 234 
Risk-adjusted measures, 1179-1180 
Risperidone, for schizophrenia, 1164 
Ristocetin cofactor, 46 
Ritodrine, for tocolysis, 636 
Rituals, postpartum, 499, 5006 
Rituximab, fetal effects of, 1059 
Robertsonian translocation, 196, 584 
R o e  v. W a d e , 1183
Rokitansky tubercle, 556-558, 558/
Rome I I I  criteria, for irritable bowel 

syndrome, 1026 
Ropivacaine toxicity, 353 
Round ligament, 1224.e8/-1224.cl O f,

1224. c l 2 /
Routine Antenatal Diagnostic Imaging W ith  

Ultrasound Study (RADIUS), 183,
189

Roux-en-Y gastric bypass, 561 
Roxatidine, in breast milk, 155

Royal College o f Obstetricians and 
Gynecologists (RCOG), 596-597 

Rubella, 1116-1118
clinical manifestations of, 1117, 1117 /  
congenital infection of, 1117-1118 
diagnosis of, 1117 
epidemiology of, 1116-1117 
management o f infection during 

pregnancy, 1117 
vaccine for, 1117 
virology of, 1116-1117

s
Saccular period, 469
Sacral agenesis, in diabetes mellitus, 872, 872/ 
Sacral arteries, lateral, 1 2 2 4 .c ll/
Sacral nerves, 1224.c7f  

Sacral nodes, lateral, 1224.c l3 /
Sacral plexus, 1224.e l l/
Sacral promontory, 1224.e 2 f  

node of, 1224.e l3 /
Sacroiliac joint, 1224.e l f  

Sacrospinous ligament, 1224.clf  1224.c3/ 
Sacrotuberous ligament, 1224.clf  1224.c3/ 

1224.C5/
Sacrum, 1224.c8/
Safety

o f antihypertensive drugs, 698-699 
o f laparoscopy, 554-555 
obstetric, approaches to improve, 

1175-1178 
checklist and protocols of, 1175-1176 
communication enhancement of, 1177 
multifaceted of, 1177-1178 
simulation of, 1176-1177 

patient, 1174
overview of, 1174
quality measurement in obstetric care, 

1174-1182 
quality o f care measurement, 1178-1181 

attempts to establish, 1179 
data sources, 1180 
newer approaches to measures, 

1179-1180 
overview, 1178 
process measures, 1179 
quality improvement, 1180-1181 
quality measures, 1178-1179 
structural measures, 1178 
traditional measures, 1179 

o f ultrasound, 182-183 
Saliva, maternal, 52 
S a lm o n e l la  species, 132 
S a lm o n e l la  ty p b i, abortion and, 586 
Salpingectomy, 511 
Salpingitis, 501 
Salt metabolism, maternal, 51 
Sarcoidosis, 844
Saturated solution o f potassium iodide 

(SSKI), fetal effects of, 145 
Scanzoni-Smellie maneuver, 291, 297-298,

302
Schizophrenia, 1163-1165

diagnosis and prevalence, 1163-1164 
extrapolating from studies general 

population, 1164 
natural history across childbearing, 1164 
treatment interventions for, 1164-1165

Sclerotherapy, endoscopic variceal, 
1001-1002 

Screening, for thyroid disease, universal 
versus selective, 929-930, 9296 

Second stage o f labor, 257, 260-261 
defined, 272 
disorders, 274-275 
duration of, 259, 261, 261*, 275 
pain during, 344-345 
prolonged, 259
pushing and breathing technique in, 

alteration of, 332 
Second trimester

aneuploidy screening in, 200 
calcium metabolism during, 57 / 
cervical cancer, 1068 
cervical ultrasound screening, indications

for, 641, 6416
chorionicity determination in, 708, 

7 0 9 /71 0 / 
constipation in, 53 
hemoglobin in, 130 
pregnancy loss, 581 
proteinuria in, 50 
termination methods, 285* 
ultrasound during, 170-171

in screening for aneuploidy, 184-185, 
185/ 184.elf  

ureter dilation during, 49 
white blood cell count in, 45, 551 

Secondarily generalized seizure, 1031 
Secondary headache, 1049-1050

cerebral vein thrombosis, 1049-1050 
idiopathic intracranial hypertension,

1049
reversible cerebral vasoconstriction,

1050
subarachnoid hemorrhage, 1050 

Secondary yolk sac 
described, 5 
physiology of, 12-13 

Second-line agents, for multiple sclerosis,
1044-1045

Sedatives
in breast milk, 153 
for labor, 349 

SEFW. See  Sonographically estimated fetal 
weight (SEFW)

Seizures
epilepsy and, 1031-1032
frequency, pregnancy and, 1037
onset of, in pregnancy and puerperium,

1040-1041 
Selective arterial embolization, for uterine 

atony, 409
Selective intrauterine growth restriction, in 

monochorionic tw in pregnancies, 719 
Selective serotonin reuptake inhibitor 

(SSRI), fetal effects of, 143 
Selective termination 

o f fetus, 713
in monochorionic twins, 713 

Sepsis, 1206
as coagulopathy risk factor, 418 
maternal

in HELLP syndrome, 675 
with premature rupture o f the 

membranes, 649-650, 656
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Sepsis (C o n t in u e d )

neonatal, w ith premature rupture o f the 
membranes, 650, 654 

in preterm infants, 618 
Septic abortion, as coagulopathy risk factor,

418
Septic pelvic thrombophlebitis, as

complication, o f cesarean delivery, 439 
Septic shock, 1141
Septostomy, for tw in-twin transfusion 

syndrome, 716-717 
Serology

for cytomegalovirus, 1118 
for hepatitis B virus (HBV), 1122, 1123* 
for parvovirus B 19, 1115 
for rubella, 1117 
for varicella, 1121 

Sertraline
in breast milk, 153, 153/ 1155* 
for depression, 1154 

Serum, Urine, and Ultrasound Screening 
Study (SURUSS), 199 

Serum oncotic pressure, 805-806 
Serum thyroid antibodies, 928 
Seton Family Hospitals, 1178 
Severe asthma, 837
Severe maternal morbidity, 1198, 1198*
Sex chromosome abnormalities, 197-198 

Klinefelter syndrome in, 198 
monosomy X  in, 197-198 
polysomy X  in girls in, 198 
polysomy Y in boys in, 198 

Sex chromosome polysomy, 582 
Sexual activity 

postpartum, 504-505 
prenatal care and, 115 

Sexual health, 1201-1205 
contraception of, 1202-1203 
induced abortion and, 1203-1204 
unintended pregnancy of, 1201-1202 

Sexual orientation, 95-96 
Sexuality programming, 95-96 
Sexually transmitted disease 

diagnosis o f 
chlamydia, 1091 
gonorrhea, 1092-1093 
syphilis, 1094-1095 

epidemiology o f
chlamydia, 1089-1090 
gonorrhea, 1092 
syphilis, 1093-1095 

pathogenesis o f
chlamydia, 1090-1091, 1090* 
endocervical infections 

chlamydia, 1090 
gonorrhea, 1092 
syphilis, 1094 

in preconception health counseling, 107 
treatment o f

chlamydia, 1091-1092 
gonorrhea, 1093 
syphilis, 1095 

SGA. See  Small for gestational age (SGA) 
Sharma modified Leopold maneuver, 370 
Sheath o f vagina, 1224.<?3/
Sheehan syndrome, 56, 940-941, 940* 
Shingles, 1120-1121 
Shirodkar procedure, 607

Shock, septic, 1141 
Short birth spacing, 116 
Shoulder, 328
Shoulder dystocia, 182, 387-392, 389f  391/ 

alleviation of, maneuvers for, 389* 
birth injuries with, 478 
cesarean delivery, 388 
in diabetes mellitus, 887, 887 f  

diagnosis of, 387, 387/ 
as genital tract laceration risk factors, 412 
incidence of, 387 
macrosomia and, 388 
simulation of, 1176-1177 
vaginal delivery, 387, 38 7 / 389/

Gaskin maneuver, 391 
McRoberts maneuver, 389, 390/ 
subcutaneous symphysiotomy for, 392 
Woods corkscrew maneuver, 390-391 
Zavanelli maneuver, 391-392 

Sickle cell disease, 207 
care of, 958, 959/ 
clinical hallmark of, 957 
hemoglobin S in, 956 
maternal mortality in, 957-958 

Sickle cell hemoglobinopathies, 1006 
abdominal pain and, 1015 

Signal-to-noise ratio, 161 
Sildenafil, for pulmonary hypertension, 822 
Simpson forceps, 291, 29 2 /
Simulation, 1176-1177 

eclampsia, 1177 
shoulder dystocia, 1176-1177 

Single-gene disorders, 206-209
molecular approach to prenatal diagnosis 

of, 208-209 
preimplantation genetic diagnosis of,

214-215
Single nodule, o f thyroid gland, 931-933 
Sinusoidal pattern, 232

in fetal heart rate monitoring, 327, 3 27 f  

Sirolimus, 858 
SIRT1, 88
Site preparation, in cesarean delivery, 431 
Sitz baths, 506 
Size, fetal, 249 
Sjogren syndrome, 994 
Skeletal dysplasia, 189 
Skeletal muscle, insulin-signaling cascade in, 

868-869, 869/
Skeleton, maternal, 57-58

calcium metabolism in, 57-58, 5 7 / 
skeletal and postural changes in, 58 

Skin, maternal, 58 
Skin diseases, 1075-1088 

acne vulgaris, 1079 
atopic dermatitis, 1078 
autoimmune disease, cutaneous 

manifestations, 1080-1081 
autoimmune progesterone dermatitis,

1079
bullous disorders, 1081 
impetigo herpetiformis, 1079-1080,

1080/ 
inflammatory, 1079 
malignant melanoma, 1081-1082 
preexisting, 1078-1082 
pruritus in pregnancy, 1082 
psoriasis, 1079

Skin diseases (C o n t in u e d )  

skin tumors, 1081 
specific dermatoses o f pregnancy, 

1082-1087 
atopic eruption o f pregnancy,

1085-1086
herpes (pemphigoid) gestationis, 

1082-1083, 1083*, 1084/ 
overview of, 1083* 
prurigo o f pregnancy, 1085-1086 
pruritic folliculitis o f pregnancy, 1083*,

1086-1087
pruritic urticarial papules and plaques 

o f pregnancy, 1083*
Skin physiological changes induced by 

pregnancy, 1075-1078, 10766 
connective tissue, 1076*, 1077-1078 
glandular, 1076*, 1078 
hair and nail, 1078
pigmentary, 1075-1076, 10766, 1076*, 

1077/
vascular, 1076-1077, 1077/

Skin tags, 1078 
Skin tumors, 1081
“ Slapped cheek” rash, 1114-1115, 1114/ 
Sleep 

fetal, 227
during pregnancy, 48-49 
REM, 48-49, 227 

Sleep apnea, 48-49 
Sleep-disordered breathing, 48-49 
Small bowel obstruction (SBO), 1022-1023 
Small bowel perforation, from indomethacin 

tocolysis, 636 
Small for gestational age (SGA) 

definitions of, 616, 738-739 
endocrine disorders and, 95 
infants

cesarean delivery risk and maternal 
weight gain in, 125/ 

in chronic hypertension, 697 
with cocaine use, 151 
in gestational hypertension, 664 
hypoglycemia in, 482-483 
in preeclampsia, 688 
risk w ith low maternal weight gain,

124
microalbuminuria in, 96 
neonatal m orbidity in postterm 

pregnancy, 798* 
neonates

amino acid concentration in, 869 
lip id levels in cord blood, 870 

pancreatic P-cell numbers in, 90 
Smallpox, 1125-1126, 1125/
Smead-Jones technique, 435, 43 6 /
Smoking, 1167-1168

as abruptio placenta risk factor, 397 
cessation, during pregnancy, 149-150 
fetal breathing movements, 234 
fetal effects of, 149

heart rate acceleration, 230 
in immune function, 94-95 

nicotine in breast milk, 155 
as placenta previa risk factor, 401 
in preconception health counseling, 108 
pregnancy loss from, 588 
preterm birth and, 620
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Smoking (C o n t in u e d )

sudden infant death syndrome (SIDS),
149, 1167 

Snoring, 48-49
Social determinants, vulnerability and 

underlying, 1200 
Social risks, in prenatal care, 111 
Society o f American Gastrointestinal and 

Endoscopic Surgeons (SAGES),
554-555, 555b  

Socioeconomic factors, and fetal mortality, 
222-223

Sodium, amino acid transport and, 17, 17/ 
Sodium metabolism, maternal, 51 
Sodium nitroprusside, for hypertensive 

encephalopathy, 702 
Soft tissue injuries, birth injuries and, 478 
Solid-organ transplantation, in pregnancy,

78
Solvent drag, in placenta, 15 
Somatic growth, breastfeeding in, 526, 52I t  

Somatostatin analogues, for acromegaly,
939-940

Sonographic cervical length, at term, and 
labor outcomes, 265-266 

Sonographically estimated fetal weight 
(SEFW) 

for fetal growth assessment, 745 
growth curves, 747 

Sonography, for placenta previa, 402 
Sorafenib, 1059
Spatial-peak temporal-average (SPTA), 182 
Spermicides, 512 

fetal effects of, 139 
Sphincter ani externus, 1224.e5/
Sphincter urethrae, 1224. e A f

Spider angiomas, 53
Spider angiomata, 1076, 1077/
Spina bifida

in diabetes mellitus, 872
ultrasound screening for, 185-186, 188,

188.f4f  1 8 6 .f l/  185.<?2f  

from valproic acid use, 139 
Spinal anesthesia, 364

combined spinal-epidural (CSE), 350 
complications, nerve injury, 354-355 
postoperative care, 365 
spinal headache, 355 

Spinal (subarachnoid)block, 359 
Spinal cord injuries, as birth injury, 480 
Spinal headache, 355-356 
Spine, ultrasound screening for anomalies 

in, 188, 188.f3 /188.f4 /
Spiral arteries

physiologic conversion of, 6-8, 7 / 8 /  
remodeling of, 68, 75 

Spiral computed tomographic pulmonary 
angiography, for pulmonary embolism,
971

Spiral electrode, for fetal heart rate 
monitoring, 309-310, 310/

Spiramycin, in toxoplasmosis, 1144 
Spironolactone, for primary 

hyperaldosteronism, 943 
Spitz nevi, 1076#, 1081 
Splenectomy, for immune thrombocytopenia 

purpura, 951 
Splenic artery aneurysm rupture, 1026

Splints, for carpal tunnel syndrome, 1052 
Spontaneous abortion, 1014

after chemotherapy for Hodgkin 
lymphoma, 1062 

in Cannabis, 1168 
in cocaine use, 151 
incidence of, 169 
measles and, 1116 
smoking and, 149 

Spontaneous preterm birth (sPTB), 595-596 
Spontaneous rupture o f membranes 

(SROM), 1111 
ST-segment analysis, and fetal status 

evaluation, 334-335 
ST-segment and T-wave analysis (STAN),

335
ST-segment elevation, in myocardial 

infarction, 820 
Staging, o f human immunodeficiency virus 

(H IV ) infection, 1102-1103, 1103# 
Standard days method, natural family 

planning (NFP), 512 
S ta p h y lo co ccu s  a u reu s

breast and nipple pain, 538 
CA-MRSA (community-acquired

methicillin-resistant S ta p h y lo co ccu s  

au reu s), 829-830 
methicillin-resistant (MRSA), 1138 
pneumonia and, 829 

Station, o f fetus, 251, 252/
Status epilepticus, 1040 
Stem cell transplantation, HLA-compatible 

embryos and, 214 
Stem cells, human embryonic stem cell 

research funding, 1188-1189 
Stem villi, 3, 3f  9 
S te n b e rg  v. C a r h a r t , 1185 
Step therapy, for asthma, 840 
Stepwise approach, in aneuploidy screening, 

200 
Sterilization

o f pregnancy prevention, 511-512 
tubal, 439-440 

Stillbirth, 578-594
in antiphospholipid syndrome, 988 
w ith cocaine use, 151 
delivery protocols, 286# 
in diabetes mellitus, 872 
etiology of, 221 
genetic factors, 591 
gestational age and, 798/ 
in intrauterine growth restriction,

737-738 
maternal evaluation, 591, 591 b  

maternal risk factors for, estimates of, 
590#

in multiple gestations, 727 
in perinatal mortality, 616 
polygenic/multifactorial disorders, 591 
in postterm pregnancy, 277-278 
in premature rupture o f the membranes,

656
recurrence, 590-591 
in sickle cell disease, 957 
subsequent pregnancies, management in, 

591
subsequent preterm birth risk, 622 
in syphilis, 1096

Stomach 
cancer, 1069 
maternal, 53 
ultrasound of, 187 

S tre p to co ccu s  a g a la c tia e , 1130 
S tre p to co ccu s  p n e u m o n ia e , pneumonia and, 

829-830 
Streptomycin

fetal effects of, 147 
for tuberculosis, 836 

Stress
breastfeeding on, 529 
effects o f maternal, 92-93 
maternal

effects of, 346, 346/ 
response, 346/
uterine blood flow, effect on, 346 

nephron number, effect on, 96 
oxytocin on, effects of, 519-521 
thermal, neonatal response to, 480,

480#
“ Stretch marks,” 1077-1078 
S tr ia e  d istensae, 1077-1078 
S tr ia e  g r a v id a r u m ,  1077-1078 
Stripping, o f fetal membranes, 285 
Stroke, 1050-1051

cardiac programming and, 91 
in HELLP syndrome, 675 
hemorrhagic, and vascular malformations,

1051
ischemic, 1050-1051 

Stroke volume (SV) 
calculation of, 807 
fetal, 31, 3 1 /
in hemodynamic monitoring, 824 
maternal

hemodynamics of, 804, 8 0 4 /80 5 / 
increase in pregnancy, 40, 4 0 / 
in labor, 42 

postpartum, 502-503 
Structural measures, 1178 
Stupak-Pitts abortion, 1187 
Subacute sclerosing panencephalitis (SSPE), 

1115-1116 
Subarachnoid (spinal) block, 359 
Subarachnoid hemorrhage, 479, 1050 
Subclinical hypothyroidism, 927-928 

neurologic development and, 928 
Subcostal angle, changes in, 46 
Subdural bleeds, birth injuries and, 479 
Subgaleal bleeds, birth injuries and,

478-479
Subgaleal hemorrhage, with operative 

vaginal delivery, 300-301 
Submentobregmatic diameter, 250/ 
Suboccipitobregmatic diameter, 250-251, 

250/
Substance abuse

and fetal mortality, 222-223 
in preconception health counseling,

108-110 
preterm birth and, 620 

Substance-related disorders, 1165-1170 
diagnosis and prevalence, 1165-1166,

116 6 b

DSM -V criteria for, 11666 
screening, brief intervention, and referral, 

1165-1166, 1166#
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Substance-related disorders (Continued) 
specific drugs of abuse, 1166-1170 

alcohol, 1166-1167 
cannabis, 1168 
cocaine, 1168 
methamphetamine, 1168 
opioids, 1168-1170 
smoking, 1167-1168 

Subungual hyperkeratosis, 10766, 1076* 
Sudden infant death syndrome (SIDS) 

with abruptio placenta, 400 
smoking and, 149, 1167 

Sudden unexpected death in epilepsy 
(SUDEP), 1031-1032 

Suicidal ideations, 1154-1155 
Sulfadiazine, in toxoplasmosis, 1144 
Sulfamethoxazole with trimethoprim, fetal 

effects of, 147 
Sulfasalazine, for rheumatoid arthritis, 992 
Sulfonamides

in breast milk, 154 
fetal effects of, 147 

Sulpiride, as galactogogue, 542 
Sumatriptan

fetal effects of, 149 
for migraines, 1048 

Sunitinib, 1059
Superficial perineal space, 1224.^6/ 

muscles of, 1224.e5/
Superficial transverse perinei, 1224.e5 f 
Superior fascia, I224.e3f-I224.e5f 
Superior hypogastric plexus, 1224.<?15/ 
Superior vesicle artery, 1224.ellf  
Supernumerary chromosomes, 205-206 
Supernumerary nipples, 519 
Superoxide ions, 667 
Supine hypotensive syndrome, 230 
Support groups, prenatal care and, 115 
Suprategmental space, 1224.e5 f 
Supreme Court decision, in reproductive 

liberty, 1183-1184 
Surfactant

composition of, 469, 471/ 
function of, measurement of, 241 
glucocorticoids in, 471-472 
LaPlace law, 469, 470/ 
metabolism, 469, 470f  
pressure-volume relationships, 469, 471/ 
protein, 469-471 
quantitation of, 240-241 
treatment with, 631 

Surgery
biopsy, for breast mass, 544 
breast augmentation, 534-535 
for breast cancer, 1062 
for cancer, 1059 
of cesarean delivery, 429-436 

abdominal closure, 435-436 
abdominal entry, 431-432, 431/ 
abdominal skin incision, 431-432, 431/ 
bladder flap, 432 
delivery, of fetus, 434 
evidence-based recommendations for, 

430*
placental extraction, 434 
postpartum hemorrhage and, 

prevention of, 434 
precesarean antibiotics, 429-430

Surgery (Continued)
precesarean thromboprophylaxis, 430 
prophylactic precesarean interventions,

430-431 
site preparation, 431 
uterine incision, 432-434, 433/ 
uterine repair, 434-435, 434/435/

cesarean section, uterine incision and 
fetus delivery, 370 

gastrointestinal tract, condition of, 483 
for hyperparathyroidism, 913 
for ovarian cancer, 1068 
in pregnancy, 550-564 

adnexal masses in, 556-560, 557/560/ 
bariatric surgery, 560-561 
cardiac surgery, 561 
diagnostic imaging, 551-552 

ionizing radiation, 551-552 
magnetic resonance imaging, 552 
radiocontrast, 552 
ultrasound, 552 

fetal monitoring, 554 
laparoscopy in, 554-556, 5556, 556/ 
maternal physiology, 550-551 
neurosurgery, 561 
nonobstetric surgery

anesthesia, 552-553, 553/ 
pregnancy outcome and, 553-554 

obesity, 560-561 
trauma and, 565-577 

cardiac arrest, 574 
cesarean section, perimortem, 574 
uterine rupture, 574 

transverse rectus abdominis myocutaneous 
flap (TRAM), 1062 

for uterine atony, 409-411 
for vulvar cancer, 1068 

Surgical site infections (SSIs), in obese 
women, 905, 905/

Surveillance programs, 138-139 
Survival, of low birthweight (LBW) 

premature infants, 83 
Suspensory ligament, 1224.e9/1224.el0/ 

of ovary, 1224.e8/
Swallowing, fetal, 27 
Sweeping, of fetal membranes, 285 
Symmelia, 711
Symmetric growth restriction, 181-182 
Sympathetic blocking agents, fetal effects of, 

144
Sympathetic system, fetal, 32 
Symphysiotomy, subcutaneous, for shoulder 

dystocia, 392 
Symptothermal method, natural family 

planning (NFP), 512 
Syncytial knots, 11 
Syncytin, 11
Syncytiotrophoblast, 75, 865-866 

apoptosis in, 11 
endocytosis/exocytosis in, 16 
as endothelium for intervillous space, 9 
generation by recruitment of progenitor 

cytotrophoblast cells, 10 
microvilli of, 9-10 
in placental development, 4-5, 4/ 
in placental transport, 14, 14/ 18 
villous membrane integrity and, 11 

Synovitis, in rheumatoid arthritis, 991

Syphilis, 1093-1095 
congenital, 1095-1096 
diagnosis of, 1094-1095 
epidemiology of, 1093-1094 
pathogenesis of, 1094 
screening for, 1095* 
treatment of, 1095 

Systemic immune response syndrome 
(SIRS), 1141 

Systemic lupus erythematosus, 981-987 
clinical manifestations of, 982 
congenital heart block, management of, 

985-986, 986* 
diagnosis of, 982, 982* 
drug used to treat, 986-987 
epidemiology and etiology of, 981-982 
and fetal mortality, 224 
intrauterine growth restriction in, 984 
lupus flare in pregnancy, 982-983 
lupus nephritis in pregnancy, 983 
management of pregnancies complicated 

by, 984-985, 985* 
neonatal lupus erythematosus, 984 
pregnancy complications of, 983-984 

Systemic sclerosis, 993-994 
Systemic vascular resistance (SVR) 

hemorrhage, response to, 395, 396/ 
maternal, 41
in mitral regurgitation, 811 
pregnancy-related decrease in, 395 

Systems issues, 1175

T
T cells, 72-73 

CD4+, 72 
CD8+, 72
cell surface markers and, 72 
cytotoxic, 72 
helper, 72 
HIV and, 72
maternal tolerance of fetus through 

regulation of, 75 
regulatory, 73 

T-ACE questionnaire, 108-109 
Tachyarrhythmia, fetal, 233 
Tachycardia 

fetal, 233
in chorioamnionitis, 1135 
fetal heart rate monitoring, 319 

maternal, 805 
in hemorrhage, 396 

Tachypnea
in hemorrhage, 396 
respiratory distress, neonatal, 488 

Tachysystole, 332 
Tacrolimus, 858

for atopic dermatitis, 1078-1079 
Tail of Spence, 519
Taiwan acute respiratory [TWAR] agent,

830
Tamoxifen, fetal effects of, 1061 
Taxane chemotherapy, 1059 
Tay-Sachs disease, 207 
Taylor, Howard C., Jr., 773 
T-cell receptors (TCRs), 71 
Team approach

for gastrointestinal disorders, 1018-1019 
for hepatic disorders, 1002
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Teen pregnancies, in preconception health 
counseling, 105-106 

Teeth, discoloration from tetracycline, 147, 
154

Telogen effluvium, 503, 1078, 1078/ 
Temperature

environmental, on oxygen consumption, 
481/

neonatal thermal regulation, physiology, 
480

Tendineous arch, 1224.e5/
Teratogenesis, in diabetes mellitus, 873,

873b
Teratogenicity

anesthesia and, 553 
drugs, 1058 

Teratology
critical period in, 137, 137/ 
of drugs

of abuse, 149-152 
acetaminophen, 149 
acid-suppressing drugs, 146 
alcohol, 150, 150/ 
aminoglycosides, 147-148 
analgesics, 148-149 
androgenic steroids, 139, 140/ 
angiotensin receptor blockers (ARBs), 

144
angiotensin-converting enzyme (ACE) 

inhibitors, 144 
antiasthmatics, 145 
antibiotics, 147-148 
anticoagulants, 143-144, 143/ 
antidepressants, 142-143 
antiemetics, 145-146 
antiepileptic drugs, 140-141, 140/141/ 
antifungal agents, 148 
antihistamines, 146-147 
antihypertensive drugs, 144 
antiinfective agents, 147-148 
antineoplastic drugs, 144-145 
antiretroviral agents, 148 
anti tuberculosis drugs, 148 
antiviral agents, 148 
aspartame, 152 
aspirin, 148-149 
bisphosphonates, 149 
caffeine, 151-152 
Cannabis, 151 
cephalosporins, 147 
clarithromycin, 148 
cocaine, 151 
codeine, 149 
corticosteroids, 145 
cromolyn sodium, 145 
decongestants, 146-147 
digoxin, 144 
dimenhydrinate, 145 
diphenhydramine, 146 
doxylamine, 145 
erythromycin, 148 
estrogens, 139 
fluoroquinolones, 148 
ginger, 146
immunosuppressants, 144-145 
iodide, 145, 146/ 
isoproterenol, 145 
isotretinoin, 141-142, 141/

Teratology (Continued) 
lindane, 148 
lithium, 142 
meclizine, 145 
metaproterenol, 145 
methylprednisolone, 146 
metoclopramide, 146 
metronidazole, 148 
narcotics and methadone, 151 
nitrofurantoin, 147 
nonsteroidal antiinflammatory agents,

149
ondansetron, 146 
ovulation inducers, 148 
penicillins, 147 
phenothiazines, 146 
progestins, 139 
psychoactive drugs, 142-143 
spermicides, 139 
sulfamethoxazole, 147 
sulfonamides, 147 
sumatriptan, 149 
sympathetic blocking agents, 144 
terbutaline, 145 
tetracyclines, 147
thyroid and antithyroid drugs, 144 
tobacco and nicotine products, 

149-150 
tranquilizers, 142 
trimethoprim, 147 
vitamin A, 142 
vitamin Be, 145 

in embryonic period, 138 
epidemiologic approach to birth defects 

in, 138-139 
care reports in, 138 
case-control studies in, 139 
clinical trials in, 139 
cohort studies in, 139 
descriptive studies in, 138-139 

principles of, 137-138 
agent in, 138 
dose effect in, 138 
genotype and interaction with 

environmental factors in,
137-138 

manifestations in, 138 
mechanisms of teratogenesis in, 138 
timing of exposure in, 138 

species specificity in, 136 
timing of exposure in, 137 

Teratology Society, 136 
Terbutaline

fetal effects of, 145 
side effects of, 637 
for tocolysis, 636 

Terfenadine, fetal effects of, 146-147 
Teriflunomide, for multiple sclerosis,

1044
Term, definition of, 271 
Term breech trial, 382-387 
Testosterone, exposure effect on sexual 

orientation, 95-96 
Tetracycline

in breast milk, 154 
fetal effects of, 147 
for gonorrhea, 1093 
for syphilis, 1095b

Tetralogy of Fallot, 814, 814* 
characteristics of, 816 
maternal, 816 
ultrasound of, 187.e3/

Tetraploidy, 582 
Thl cells, 73 
Th2 cells, 73 
Thalassemia, 958-960 

a-thalassemia, 959 
|3-thalassemia, 959-960 

a-thalassemia, 207, 959 
placental size in, 13-14 

P-thalassemia, 207, 959-960 
Thalassemia intermedia, 960 
Thalassemia major, 959-960 
Thalassemia minima, 960 
Thalidomide

effect of, during pregnancy, 138 
epigenetic mechanisms and, 84 
species specificity in teratogenicity of, 136 
teratogenic effects of, 83-84 

Thanatophoric dysplasia, 189,
189.<?1/189.<?2/

Theca lutein cyst, 556, 557/
Theophylline, for asthma, 841 
Therapeutic endoscopic retrograde 

cholangiopancreatography, 1001 
Thermal index, 182 
Thermal injuries (burns), 568 
Thermal regulation, neonatal, physiology of, 

480, 480f, 481/
Thermic effect

of exercise, 125-126, 126/ 
of food, 125-126, 126/

Thermogenesis, diet-induced, 125-126 
Thiazides

in breast milk, 153 
for hypertension, 698, 700 

Thiopental, for induction of general 
anesthesia, 362 

Third stage of labor 
defined, 271-272 
disorders of, 275 
duration of, 259 

Third trimester
alkaline phosphatase activity in, 53 
blood gases, 1215* 

values in, 48* 
blood volume, 502 
BNP increase in, 52 
calcium metabolism during, 57, 57/ 
constipation in, 53 
eclampsia in, 689-690 
fetal states of, 227 
hemoglobin in, 130 
iron requirements during, 44-45 
platelet count during, 45 
proteinuria in, 50 
sleep characteristics in, 48 
ultrasound during, 170-171 
uric acid level during, 49-50 
white blood cell (WBC) count during, 45 

Thoracic cage, changes in, 46 
Three-dimensional ultrasound, 165-166, 

165/
Threshold of viability, neonatal, outcome of, 

495-496, 495/
Thrifty phenotype hypothesis, 86-87
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Thrombin, in preeclampsia, 671 
Thrombin time, 46 
Thrombocytopenia

causes of, during pregnancy, 9486 
evaluation of, and puerperium, 949-950 
fetal/neonatal alloimmune, 952 
gestational, 45, 947-948 

therapy of, 950 
in growth-restricted infants, 765 
in HELLP syndrome, 678 
heparin-induced, 974 
neonatal, 486, 486* 
in newborn after chemotherapy, 1064 
parvovirus B19-infected fetus, 1115 
in preeclampsia, 671 
pregnancy-associated, 947-949, 9486 
therapy of, during pregnancy, 950-951 

Thrombocytopenic purpura 
immune, 948 

therapy of, 950-951 
thrombotic, 948-949 

management of, 951-952 
pentad of findings of, 948, 9486 

Thromboembolic disease, 45-46
as complication, of cesarean delivery, 439 

Thromboembolic disorders, in pregnancy, 
965-980 

background of, 965 
deep venous thrombosis in. See Deep 

venous thrombosis 
definitions in, 965-966 
diagnoses in, 965-966 
epidemiology of, 966 
genetics of, 966 
historic notes on, 965 
incidence of, 966 
physiology of hemostasis, 966-967 

anticoagulant system, 967 
clot lysis and fibrinolysis, 967 
coagulation cascade, 966-967, 967/" 
vasoconstriction and platelet action, 

966
pulmonary embolism in. See Pulmonary 

embolism 
symptoms of, 966 
thrombosis in pregnancy, 967-977 

antiphospholipid syndrome, 968 
complications, 969 
considerations in management, 

969-977
inherited thrombophilias, 968, 969* 
risk factors and associations, 968 

venous thromboembolism in. See Venous 
thromboembolism (VTE) 

Thrombolytic therapy, for myocardial 
infarction, 820-821 

Thrombophilias
as abruptio placenta risk factor, 398 
fetal mortality and, 224 
inherited, 968, 969* 
low-, moderate-, and high-risk groups 

of, prophylactic anticoagulation 
recommendations for, 975-976,
976*

in preeclampsia, 666 
pregnancy loss from, 586-587 

Thromboprophylaxis, precesarean, in 
cesarean delivery, 430

Thrombosis
antiphospholipid syndrome in, 968 
cerebral vein, 1049-1050 
complications of, 969 
considerations in management, 969-977 
deep venous. See Deep venous thrombosis 
definition of, 965
inherited thrombophilias and, 968, 969* 
in pregnancy, 967-977 
risk factors and associations of, 968 

Thrombotic complications, with prosthetic 
valves, 813 

Thrombotic thrombocytopenic purpura
(TTP), 948-949 

in HELLP syndrome, 678 
management of, 951-952 
pentad of findings of, 948, 9486 

Thromboxane A2 (TXA2), in preeclampsia, 
667

Thymus, fetal, 73-74
Thyroid abnormalities, pregnancy loss from, 

585
Thyroid carcinoma, incidence of, 931 
Thyroid diseases, 916-935

fetal hyperthyroidism in, 925-926 
gestational hyperthyroidism in, 918 
Graves disease and, 920-924, 9206, 920* 
hyperemesis gravidarum (HG) in, 

transient hyperthyroidism of, 
918-920, 919/ 

hyperthyroidism in, 918, 9196. See also 
Hyperthyroidism 

hypothyroidism in, 926-931. See also 
Hypothyroidism 

maternal-placental-fetal interactions in, 
918

neonatal central hypothyroidism in, 926 
postpartum thyroid dysfunction, 933-935 
prepregnancy counseling, 918 
single nodule of the thyroid gland, 

931-933
thyroid cancer in, before pregnancy, 933 
thyroid function tests for, 916-918, 917/ 
thyroid hormone syndrome and, 

resistance to, 926 
thyroid storm in, treatment of, 924-925 
universal versus selective screening for, 

929-930, 9296 
Thyroid drugs, fetal effects of, 144 
Thyroid function, postpartum, 502 
Thyroid function tests, 916-918, 917/ 
Thyroid gland 

fetal, 35
maternal, 54-55, 54/ 
of neonates, 55 
single nodule of, 931-933 

Thyroid gland dysfunction, fetal endocrine 
manifestations of placental 
insufficiency, 742 

Thyroid hormone, fetal, 916 
Thyroid hormone syndrome, resistance to, 

926
Thyroid nodularity, 932 
Thyroid-stimulating hormone (TSH) 

fetal, 35
hCG effect on, 55 
in hypopituitarism, 940 
maternal, 55

Thyroid storm, treatment of, 924-925 
Thyroid-binding globulin (TBG), maternal,

54-55
Thyroid-blocking antibodies, maternal 

determination of, 9256 
Thyroiditis 

atrophic, 928 
chronic

autoimmune, 916 
euthyroid, 930-931 
without goiter, 928 

Hashimoto, 930-931 
Thyroid-receptor antibody (TRAb), 

determination of, 925-926, 9256 
Thyroid-Stimulating Hormone Receptor 

Antibodies, 917-918 
Thyrotropin-releasing hormone (TRH) 

antenatal to reduce neonatal lung disease,
631 

fetal, 35
Thyrotropin-secreting tumors, 940 
Thyroxine 

fetal, 35
in hypopituitarism, 940 
for hypothyroidism, 144 
placental transfer of, 916 

L-Thyroxine, for hypothyroidism, 931 
Tibia length, normal values for, 1220*
Tidal volume (TV), maternal, 47/
Tight junction, 521 
Time-gain compensation (TGC), 161, 

162/163/
Tissue harmonic imaging, 161 
Tissue inhibitors, of matrix 

metalloproteinases, 648 
Tn2 cells, asthma associated to exaggerated 

response of, 95 
TNF-CX. See Tumor necrosis factor alpha 

(TNF-a)
Tobacco

in breast milk, 155 
in pregnancy, 149-150 
prenatal care and, 108 

Tocodynamometer, 310 
Tocodynamometry, external, and uterine 

activity, 250-251 
Tocolysis

in external cephalic version (ECV), 386 
in multiple gestations, 725 
for placenta previa, 403 
for premature rupture of the membranes, 

655-656 
for preterm labor, 632-638 

atosiban, 637-638 
calcium channel blockers, 633-635 
choosing of, 633-638 
clinical use of, 638 
contraindications to, 633 
cyclooxygenase inhibitors, 635-636 
efficacy, 632-633 
magnesium sulfate, 635 
maintenance treatment of, 638 
P-mimetic tocolytics, 636-637 
nitric oxide donors, 637-638 
persistent contractions, 638, 6386 
pharmacology of, 633, 633/ 
side effects of, 634* 

site of action of, 633/
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Toll-like receptors (TLRs), 68-69, 69'f, 528 
Tonic-clonic seizures, 1031 
Topiramate, for bulimia, 1163 
TORCH serology, 749-750 
Torsions, ovarian, 559-560, 560/
Total lung capacity (TLC), maternal, 47,

47/
Total peripheral resistance (TPR) 

in hemodynamic monitoring, 824 
maternal hemodynamics of, 804/
Ohm’s law and, 804 

Total thyroxine (TT4), maternal, 54-55 
Total triiodothyronine (TT3), maternal, 

54-55
Total urinary protein excretion (TPE), in 

diabetes mellitus, 875 
Toxic shock syndrome, 506 
TOXNET, 157 
Toxoplasma gondii, 132 

abortion and, 586 
Toxoplasmosis, 1142-1144

clinical manifestations of, 1143, 11436 
congenital, 1143 
diagnosis of, 1143 
epidemiology of, 1142-1143 
management of, 1143-1144 
in preconception health counseling, 107 
tuberculosis (TB), 1109 

Tracheal edema, in face presentation 
delivery, 373 

Tracheoesophageal fistula, 483 
polyhydramnios and, 792 

Traditions, postpartum, 499, 5006 
Tranexamic acid, for coagulopathy, 419 
Tranquilizers, fetal effects of, 142 
Transabdominal ultrasound, 166, 166/ 

in placenta previa, 402, 402/ 
of retained products of conception, 415 

Transcerebellar diameter (TCD) 
for fetal growth assessment, 745 
normal values for, 1222?

Transcervical balloon catheter, 285 
Transforming growth factor (3, Th2 and, 73 
Transfusion

and autologous blood donation,
preoperative, as blood conservation 
approach, 421 

of blood components, risks and reactions 
to, 420-421 

hypothermia, 420 
immunologic risks, 421 
infection risk, 421, 421? 
metabolic abnormalities, 420 
transfusion-associated volume/

circulatory overload (TACO), 421 
transfusion-related acute lung injury, 

421
intraperitoneal fetal, 771 
intrauterine, 778-780

complications and outcome, 780 
neonatal transfusions, 780 
neurologic outcome, 780 
technique, 778-780 

intravascular fetal, 771 
neonatal exchange, 771 

Transfusion-associated volume/circulatory 
overload (TACO), 421 

Transient gestational thyrotoxicosis, 55

Transient osteoporosis of pregnancy, 915 
Transjugular intrahepatic portosystemic 

shunt (TIPS), 1001-1002 
Translocations, 583-584 

in Down syndrome, 196 
unbalanced, 214 

Transplant, renal, 858-859, 8596 
Transplantation 

bone marrow, 74 
cord blood, 74 
liver, 680

pregnancy after, 1007 
renal, 877
solid-organ, in pregnancy, 78 

Transport, placental, 14-16, 14/
Transporter proteins, in placenta, 15-16 

for amino acids, 17 
changes in activity of, 18? 
for glucose, 17 

Transposition of great vessels, ultrasound of,
187.?3/

Transposition of the great arteries 
maternal, 816-817, 817?
Mustard operation for, 816 

Transsphenoidal surgery, 938 
Transvaginai cerclage, 604, 604/ 
Transvaginai ultrasound, 166, 166/ 

in first-trimester, 168-170 
in placenta previa, 402, 402/ 
of retained products of conception, 415 

Transverse branch, 1224.e7f  
Transverse interspinous diameter, 253 
Transverse lie, 249, 250f, 369, 369/-370/ 
Transverse perineal ligament, 1224.eAf 
Transverse rectus abdominis myocutaneous 

flap (TRAM), 1062 
Trastuzumab, fetal effects of, 1059 
Trauma

as abruptio placenta risk factor, 397 
in pregnancy

blunt, 566-567
domestic violence, 567 
falls, 567
intimate partner violence, 567 
motor vehicle crashes, 567 

cardiac arrest, implications of, 574 
diagnostic imaging, 571-573 

algorithm, 573, 573/ 
contrast agents, 572-573 
ionizing radiation, 572, 572? 
magnetic resonance imaging, 572 
radiologic evaluation of, 573 
ultrasound, 571 

direct fetal injuries, 569 
discharge instructions for, 5756 
domestic violence, screening and 

identification of, 576, 5766 
exploratory surgery for, 573-574 
fetal loss from

pathophysiology of, 569 
predictors of, 569 

fetal physiology, 566 
fractures, 567-568, 568/ 
incidence of, 565-566 
long-term effects of, 574 
management considerations, 569-571 

fetal monitoring, 570-571, 571/ 
initial approach, 569, 570/

Trauma (Continued)
labor, delivery and, evaluation on, 

569-570 
laboratory testing, 571 

maternal anatomic and physiologic 
changes, 566 

medical and legal implications after,
574

penetrating, 568 
perimortem cesarean section, 

implications of, 574 
prevention of, 574-575, 575/576/ 
thermal injuries (burns), 568 
uterine rupture, 574 

pregnancy loss from, 588 
Travel, prenatal care and, 114 
Treponema pallidum 

epidemiology of, 1093-1094 
pathogenesis of, 1094 
recommended treatment regimens for,

10956
Tretinoin

for acne vulgaris, 1079 
for stretch marks, 1077-1078 

TRH. See Thyrotropin-releasing hormone 
(TRH)

Trial of labor
candidates for, 445 
cost-effectiveness of, 454 
counseling for, 452-454 
induction of labor in, 449-450 
interpregnancy interval in, 449 
labor augmentation, 450 
management of, 452, 453/ 
maternal complications in

comparison of, 451, 451? 
outcome of, 451, 451? 

maternal demographics, 446-447 
number of prior cesarean deliveries in,

449
prior vaginal delivery in, 449 
rates for, 445-446, 446/ 446? 
risks associated with, 447-454 
success rates for, 447, 447? 
uterine closure technique in, 449 
uterine rupture in, 447-448

after labor induction, risk for, 450, 
450?

on incision type, risk for, 448, 448? 
multiple prior cesarean deliveries, risk

for, 449, 449? 
perinatal death and, risk for, 448, 448? 
perinatal outcomes after, 448, 448? 
risk factors for, 448-449 
sonographic evaluation of, 450-451 

Trichloroacetic acid, for human 
papillomavirus, 1125 

Trichomonas vaginalis, premature rupture of 
the membranes and, 648 

Tricuspid atresia, 817-818 
Triglycerides, maternal, 56-57, 57/ 
Triiodothyronine, fetal, 35 
Trimethoprim, fetal effects of, 147 
Trimethoprim-sulfamethoxazole 

for acute cystitis, 1134 
CA-MRSA (community-acquired

methicillin-resistant Staphylococcus 
aureus), 831
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Trimethoprim-sulfamethoxazole (Continued) 
for listeriosis, 1144-1145 
for Pneumocystis jiroveci pneumonia (PJP), 

833-834
Triplets

delivery mode of, 732 
timing of delivery with, 730 

Triploidy, 582
Triprolidine, in breast milk, 153 
Trisomy

autosomal, 195*, 196-197, 581-582 
trisomy 13, 197 
trisomy 18, 197 
trisomy 21 (Down syndrome),

196-197, 196/ 
with breech presentation, 376 
intrauterine growth restriction and 

13, 740 
18, 740 

Trophectoderm biopsy, 213 
Trophoblast, 738

extravillous, invasion of, 6-8, 7/8/ 
in placental development, 3-4 

Troponin 1, 42 
Trousseau sign, 914 
True conjugate, 253 
True mosaicism, 205 
TTP. See Thrombotic thrombocytopenic 

purpura (TTP)
TTTS. See Twin-twin transfusion syndrome 

(TTTS)
Tubal branch, 1224.e\2f 
Tubal sterilization, 439-440, 511 

Irving procedure, 440, 440/
Parkland procedure, 439-440, 440/ 
Pomeroy procedure, 439, 439/
Uchida procedure, 440, 441/

Tube, blood supply to, 1224.el 2/ 
Tuberculin skin testing (TST), 834 
Tuberculosis

as breastfeeding contraindication,
542

diagnosis of, 834-835, 8346, 835/ 
extrapulmonary, 835 
in pregnancy, 834-837 
prevention of, 835-836, 836/ 
purified protein derivative (PPD), 834, 

835/
algorithm for management, 835-836, 

836/
treatment of, 836, 837*

Tubular breast, 534 
Tucker-McLane forceps, 291, 292f  
Tumor necrosis factor-a inhibitors, for 

rheumatoid arthritis, 992 
Tumor necrosis factor alpha (TNF-a),

69-70 
allele for, 626
as insulin sensitivity predictor, 865 
Thl, 73

Turner syndrome, 186, 197-198 
Turtle sign, in shoulder dystocia, 387,

387/
Twin anemia-polycythemia sequence 

(TAPS), 719-723, 720*
Twin clinics, 728
Twin reversed arterial perfusion (TRAP) 

sequence, 721-722

Twins (twinning)
acardiac, 721-722, 721/ 
amniocentesis in, 210 
breech presentation, 384-385 
chorionic villus sampling in, 212 
chorionicity in, 623, 707, 707/

determination in first trimester, 708, 
709/

determination in second trimester, 708, 
709/710/ 

conjoined twins and, 722-723, 723/ 
cord occlusion for selective termination in 

monochorionic twins, 713 
delivery mode in, 730-732, 731/ 

nonvertex presenting twin, 731 
triplets, 732
vertex-nonvertex twins, 731-732 
vertex-vertex twins, 731 

diabetes mellitus in 
type 1, 866 
type 2, 867 

distribution and causes of, 707-708 
dizygotic, 707
Down syndrome in, 201-202 
fetal anomalies in, 711 

discordance of, 712-713 
selective termination of fetus, 713 

intrauterine fetal demise of one twin and, 
713-715, 714/ 

intrauterine growth restriction and, 740 
management of 

algorithm for, 729/ 
antenatal testing, 727 
antepartum, 723-728 
bed rest and hospitalization, 725 
cerclage, 726
fetal growth surveillance, 727-728 
intrapartum of twin vaginal delivery, 

732-733, 7336 
maternal nutrition and weight gain, 

723-724 
pessary, 726-727 
progesterone, 725-726 
spontaneous preterm birth, 724-727 
tocolysis, 725
twin-twin transfusion syndrome,

716-719 
maternal adaptation to, 709-710 
maternal morbidity and mortality in, 

710-711
maternal weight gain recommendations 

for, 124
monoamniotic twins and, 720-721, 720/ 
monozygotic, 707, 707* 
multifetal pregnancy reduction, first- 

trimester, 711-712 
perinatal morbidity and mortality in,

711
placentation in, 707/ 
preterm birth risk, 623 
rate of, 707
specialized twin clinics in, 728
time interval between deliveries and, 733
timing of delivery

monochorionic diamniotic twins, 730 
in triplets, 730 

twin reversed arterial perfusion sequence 
and, 721-722

Twins (twinning) (Continued)
twin-twin transfusion syndrome and, 

715-719 
diagnosis of, 715-716 
etiology of, 715 
management of, 716-719 
placenta of, 716/ 
staging of, 715-716, 715* 

vanishing, 623, 711 
zygosity in, 707 

Twin-twin transfusion syndrome (TTTS), 
225, 715-719 

diagnosis of, 715-716 
etiology of, 715 
management of, 716-719 

laser therapy, 717-719, 717/ 
septostomy, 716-717 
serial amnioreduction, 717 

placenta of, 716/ 
polyhydramnios and, 792 
staging of, 715-716, 715*

Tzanck test, 1119

u
Ulcerative colitis (UC), 1024 
Ulna length, normal values for, 1221* 
Ultrasound, 160-192

of abnormal postpartum bleeding,
500-501 

in abruptio placenta, 398, 400/ 
in adnexal masses, 556-559 
of amniotic fluid volume, 786-788, 788/ 
in aneuploidy screening, 198-199, 202 
for anomaly screening, 185-189 

in abdomen, 187 
in chest, 186-187 
in extremities, 188-189 
in head and neck, 185-186 
in hydrops, 189 
in spine, 188 

for antepartum fetal evaluation, 230, 237 
Biochemistry Ultrasound Nuchal 

Translucency (BUN) Study and,
199, 199* 

biophysics of, 161
for birth defect screening, 183-184, 184/ 
breast, 1062 
of breast mass, 544 
of breech presentation, 376 
for cervical length, 724-725 

assessment, 280 
for cervical screening, 641, 6416 
of circle of Willis, l l l f  
of conjoined twins, 722, 723/ 
in diabetes mellitus, 886-887 
for diagnosis, of cervical insufficiency, 600 
for Down syndrome, 184-185, 185/ 

184.el/
“entertainment” examinations, 189-190 
for epilepsy, 1040
examination components in, 171-176 

amniotic fluid volume, 171-173 
anatomic survey, 176 
cardiac activity, 171 
documentation, 176 
number of fetuses, 171 
placenta and umbilical cord, 173-174, 

173/175/
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Ultrasound (Continued) 
presentation, 171
uterus and adnexa, 174-176, 175/ 

examination types in, 170-171 
limited, 171 
specialized, 170-171 
standard, 170-171 

o f exocoelomic cavity, 5 
for fetal blood sampling, 777 
for fetal breathing movements, 234 
for fetal growth assessment, 180-181,

756-759
abnormal growth diagnosis in, 181 
estimating weight in, 181 

for fetal growth restriction diagnosis, 745 
amniotic fluid assessment, 747-748 
Doppler velocimetry, 748 
fetal anatomic survey, 747 
fetal biometry, 745 

for fetal growth surveillance in multiple 
gestations, 727 

during first-trimester, 168-170 
abnormal findings in, 169-170, 

169 /170 / 
normal findings in, 168-169, 168 /169 / 
transvaginal, 168 

o f gastrointestinal disorders, 1016 
for gestational age determination,

176-182
abdominal circumference in, 177, 

17 8 /17 9 / 
biparietal diameter in, 177, 178/ 
crown-rump length in, 168-169, 169/ 

177, 177/ 
femur length in, 177, 180/ 
head circumference in, 177, 178/ 
standard measurements in, 177 
when to use ultrasound dating in, 

180-182, 180# 
o f gestational dating, in postterm 

pregnancy, 797 
o f gut herniation, 168/ 
o f heart, normal, 184/ 
o f hydrops, 777 
in hypertension, 701 
in hypertension-preeclampsia, 684 
image optimization in, 161-163 

attenuation for, 161-162 
depth for, 163 
focus for, 162-163 
frequency for, 161 
gain for, 161, 162 /163 / 
power for, 161 
zoom for, 163, 163/ 

in labor and delivery, 265-266 
o f left ventricular outflow tract, 184/ 
for malformation diagnosis, 183-189 
in maternal trauma, 571 
o f middle cerebral artery, 165/ 777, 778/ 
modalities of, 163-166 

B-mode, 163-164 
color and pulse-wave Doppler,

164-165, 165/
M-mode, 163-164, 164/ 
three-dimensional, 165-166, 165/ 

o f nasal bone, 184, 185/ 
o f nuchal translucency, 198-199 
for placenta accreta, 404, 40 4 /

Ultrasound (Continued)
in placenta accreta, 459-461, 45 9 /4 6 0 / 
in placenta previa, 402/ 
o f placental vascular development 

abnormalities, 741, 741/ 
for postnatal birthweight prediction, 388 
o f postpartum uterus, 501/ 
in preeclampsia, 668-669 
in pregnancy, 552
o f premature rupture o f the membranes,

650-651, 656-657
qualifications for interpreting diagnostic 

examinations with, 171 
o f retained products o f conception, 415 
o f right ventricular outflow tract, 184/ 
safety of, 182-183, 1000-1001

quantifying machine power output in,
182-183

scanning technique for, 166-168 
angle o f insonation in, 166, 167/ 
orientation in, 166, 166/ 
using natural windows as, 167-168, 167/ 

during second-trimester, 170-171 
o f septostomy, 716-717 
during third-trimester, 170-171 
o f umbilical artery, 174, 175/ 
urinary tract, postpartum, 503 
o f uterine artery, 668-669 
for uterine scar, 450-451 
o f vasa previa, 405, 40 5 / 
o f yolk sac, 168-169, 168/ 

Ultrasound-directed percutaneous umbilical 
blood sampling (PUBS), 212 

Ultraviolet light, for atopic eczema, 
1078-1079 

Umbilical artery, 1224.e\\f 
Doppler measurements, 800 
Doppler velocimetry, 749/ 
fetal cardiac output in, at term, 313 
single, 213, 263 

Umbilical artery (UA) pulsatility index, 751/ 
Umbilical artery resistance index and 

systolic/diastolic ratio, 1223#
Umbilical blood flow, 19, 26

spontaneous constriction of, 31-32 
Umbilical cord

bipolar coagulation of, 713 
blood gas in, determination of, 335-336, 

336*
blood gas values, 1218# 
blood stem cell transplantation, HLA- 

compatible embryos for, 214 
compression o f

in premature rupture o f the 
membranes, 647-648, 650 

variable decelerations from, 324-326 
entanglement in monoamniotic twins, 

720, 72 0 / 
examination of, 263 
hematologic parameters, 1218# 
hematoma, 212-213 
occlusion for selective termination in 

monochorionic twins, 713 
short, as uterine inversion risk factor, 417 
site o f insertion of, 263 
ultrasound of, 173-174

cord vessels, number of, 188 
insertion, 188

Umbilical vein, lidocaine concentration after 
perineal infiltration, 358 

Umbilicoplacental circulation, vasomotor 
control of, 19-20 

Unconjugated estriol
in aneuploidy screening, 200 
in nondiabetic women, 200 

Underwater delivery, 347-348 
Underweight, in preconception health 

counseling, 107 
Unfolded protein response, 14 
Unfractionated heparin, 974

weight-based nomogram for, 975# 
Unintended pregnancy, 1201-1202 
Uniparental disomy (UPD), 205 
Upper arm palsy, 479 
Upper genital tract infections, 1135-1145 

chorioamnionitis, 1135-1137 
diagnosis, 1135 
epidemiology of, 1135 
management of, 1135-1137, 1137/ 

necrotizing fasciitis, 1140 
pelvic abscess, 1140 
puerperal endometritis, 1137-1139 

clinical presentation, 1137-1138 
diagnosis of, 1137-1138 
epidemiology of, 1137 
management of, 1138 
prevention of, 1139 
septic pelvic thrombophlebitis, 

1140-1141 
sequelae, 1139-1142

necrotizing fasciitis, 1140 
pelvic abscess, 1140 

severe sepsis, 1141-1142 
wound infection, 1139-1140 

toxoplasmosis, 1142-1144
clinical manifestations of, 1143, 11436 
congenital, 1143 
diagnosis of, 1143 
epidemiology of, 1142-1143 
management of, 1143-1144 

Upper lumbar sympathetic trunk, 1224.^15/ 
Upper respiratory tract, maternal, physiology 

of, 46
Upshaw-Schulman syndrome, 949 
Urate, levels in pregnancy, 851 
Ureaplasma urealyticum, abortion and, 586 
Ureter, 1224.e6f  l224.e8f-l224.eUf 

\224.e\4f 
dilation of, 49 

Ureteral injury, as complication, o f cesarean 
delivery, 436 

Urethra, 1224.e2/1224.e3 /  \224.e8f- 
\224.e9f 1224.6-11f  

Urethral carcinoma, 1069 
Urethritis, acute, 1133 
Uric acid

maternal, 49-50 
in preeclampsia, 671 

Urinary albumin excretion (UAE), in 
diabetes mellitus, 875 

Urinary incontinence
with operative vaginal delivery, 299 
postpartum, 506-507 

Urinary system, maternal, 49-51 
anatomic changes in, 49 
renal hemodynamics in, 49-50
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Urinary system, maternal (C o n t in u e d )  

renal tubular function and excretion o f 
nutrients in, 50-51, 50?

Urinary tract 
postpartum, 503
ultrasound screening for anomalies in,

187-188 
Urinary tract cancer, 1069 
Urinary tract infection (UTI), 1133-1135 

acute cystitis, 1133-1134 
acute pyelonephritis, 1134-1135, 1134/ 
acute urethritis, 1133-1135 
asymptomatic bacteriuria, 1133-1134 

Urine, fetal, 27
Uroflowmetry, postpartum, 503 
Urogenital diaphragm, I 2 2 4 . e 4 f - I 2 2 4 . e 6 f  

1224.e8f  \ 2 2 4 .e \ 2 f  

Urogenital tract infection (UTI), premature 
rupture o f membranes and, 648 

Urolithiasis, 853
abdominal pain and, 1015 

Urologic changes, pregnancy-related, 52 
Uterine activity

inadequate, 273-274 
and N IC H D  consensus report, 318 
reduction of, as conservative corrective 

measure, 332 
regulation of, during pregnancy and labor,

246-247, 247/
Uterine artery, 1224.e6/ 1224.e9/1224.el2/ 

Doppler velocimetry, 626-627 
ligation, 409, 410/ 
ultrasound of, 668-669 

Uterine atony, 406-411
clinical manifestations of, 406 
as complication, o f cesarean delivery,

436-437 
definition of, 406 
diagnosis of, 406 
incidence of, 406 
management of, 406-411 

arterial ligation, 409, 410/
Bilateral Looped Uterine Vessel Sutures 

(B-LUVS), 410, 41 0 / 
bimanual uterine massage, 407, 407/ 
clamp-cut-drop technique, 410-411, 

411/
hysterectomy, 410-411, 41 1 / 
selective arterial embolization for, 409 
surgical intervention in, 409-411 
uterine compression sutures, 410,

411/
uterine tamponade, 408-409,

40 8 /4 0 9 / 
uterotonic therapy, 407-408 

pathogenesis of, 406 
prevention of, 406-411 
risk factors of, 406 

Uterine bleeding, and retained products o f 
conception, 415 

Uterine cavity, 1224.eSf  

Uterine compression sutures, for uterine 
atony, 410, 411/

Uterine conservation, in placenta accreta,
405

Uterine contractility
circadian rhythm in, 624 
increased, 624-625

Uterine contractions 
abruptio placentae, 570 
contraction stress test (CST), 228 
hypertonic dysfunction, 274 
hypotonic dysfunction, 274 
hypoxemia during, late deceleration in, 

324
monitoring instrumentation

and intrauterine pressure catheter,
310

and pressure transducer
(tocodynamometer), 310 

nonstress test (NST), 230, 23 2 / 
oxytocin for, 247-249, 281 
painful, 629 
persistent, 638 
ultrasound of, 174, 175/

Uterine curettage, for retained products o f 
conception, 416 

Uterine dehiscence, 416 
Uterine incision

for cesarean delivery, 432-434, 43 3 / 
low transverse (Kerr), 370 
vertical, 370 

in uterine rupture, 448, 448?
Uterine incision-to-delivery interval, 362 
Uterine inversion, 416-418 

classification of, 41 7 / 
clinical manifestation of, 417 
definition of, 416-417 
diagnosis of, 417 
incidence of, 417 
management of, 417-418

Huntington procedure, 417-418 
hydrostatic reduction, 417-418, 418f  

manual replacement of, 417-418,
41 8 /

pathogenesis of, 416-417 
risk factors of, 417 
as uterine atony risk factor, 406 

Uterine lacerations, as complication, o f 
cesarean delivery, 436 

Uterine macrophages, 68 
Uterine overdistention

as uterine atony risk factor, 406 
as uterine inversion risk factor, 417 

Uterine perfusion, at term, 314 
Uterine-relaxing agents

use of, as uterine inversion risk factor,
417

as uterine atony risk factor, 406 
Uterine repair, in cesarean delivery, 434-435, 

43 4 /4 3 5 /
Uterine rupture, 416, 1014 

clinical manifestations of, 416 
definition of, 416 
diagnosis of, 416 
incidence of, 416 
management of, 416 
in maternal trauma, surgery for, 574 
pathogenesis, 416 
risk factors, 416, 416? 
in trial o f labor, 447-448

after labor induction, risk for, 450,
450?

on incision type, risk for, 448, 448? 
multiple prior cesarean deliveries, risk

for, 449, 449?

Uterine rupture (C o n t in u e d )

perinatal death and, risk for, 448, 448? 
perinatal outcomes after, 448, 448? 
risk factors for, 448-449 
sonographic evaluation of, 450-451 

Uterine scar, thin, as uterine rupture risk 
factor, 416 

Uterine tamponade, for uterine atony,
408-409, 4 0 8 /4 0 9 /

Uterine tube, 1224.e9/
Uteroplacental apoplexy, 400 
Uteroplacental blood flow, 19 
Uteroplacental insufficiency

intrauterine growth restriction and, 740 
in multiple gestations, 727 

Uteroplacental ischemia, 626-627 
Uterosacral ligament, 1224.el0/
Uterotonic therapy, for uterine atony, 

407-408, 408?
Uterovaginal plexus, 1224.e l4/1224.e l5/ 
Uterus, 1224.e6f  1224.e8/1224.el0/

1224. el 2 /  
anatomic regions of, 1224.e9/ 
anatomic relationships of, 1224.e9/ 
blood flow, effects o f stress on, 346 
blood supply to, 1224.el2/ 
changes in

w ith age and parity, 1224.el6/ 
by pregnancy and parturition,

1224.el 6 /  
shape of, w ith uterine rupture, 416 

congenital abnormalities of, 620 
Couvelaire, 400
infection of, as uterine atony risk factor,

406
overactivity, 276 
overdistention of, 627 
and oxygen transfer, 313 
postpartum, 499-501, 501/ 
rapid decompression of, as abruptio 

placenta risk factor, 398 
scarred, as uterine rupture risk factor,

416 
T-shaped, 620
tenderness in, w ith uterine rupture, 416
ultrasound of, 174-176
vascular changes in preeclampsia, 666

V
Vaccine

for pneumonia, 831 
for varicella pneumonia, 832-833 

Vacuum extraction, 298 
devices for, 294, 29 4 / 

described, 294 
placement of, 29 5 / 
types o f

K iw i, 294, 29 5 /
Kobayashi style funnel-shaped 

Silastic cup, 294 
“M ” -style mushroom, 294, 29 4 / 
OmniCup, 294, 29 5 / 
soft-cup, 294, 29 5 / 
stainless steel, 294 

morbidities associated with, 303? 
and preterm fetus, 303 
rates of, 289-290
sequential use of, w ith forceps, 303
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Vagina, l22A.e2f-l224.e3f 1224.Af 
\224.e\\f-\224.e\2f 

blood supply to, \224.e\2f 
changes during pregnancy, 59 

Vaginal artery, \224.e\\f-\224.e\2f 
Vaginal birth after cesarean delivery

(VBAC), 444-455 
birthweight, 447 
cervical examinations in, 447 
incision types for, 447 
labor status in, 447 
multiple prior, 447

postterm pregnancy, 447 
twin gestation, 447 

planned repeat, risks associated with, 452 
prior indication for, 447 
prior vaginal delivery, 447 
trends, 444-445, 445/
trial of labor after 

candidates for, 445 
cost-effectiveness of, 454 
counseling for, 452-454 
induction of labor in, 449-450 
interpregnancy interval in, 449 
labor augmentation, 450 
management of, 452, 453/ 
maternal complications in 

comparison of, 451, 451* 
outcome of, 451, 451* 

maternal demographics, 446-447 
number of prior cesarean deliveries in,

449
prior vaginal delivery in, 449 
rates for, 445-446, 446/ 446* 
risks associated with, 447-454 
success rates for, 447, 447* 
uterine closure technique in, 449 
uterine rupture in, 447-448

after labor induction, risk for, 450, 
450*

on incision type, risk for, 448, 448* 
multiple prior cesarean deliveries, 

risk for, 449, 449* 
perinatal death and, risk for, 448, 

448*
perinatal outcomes after, 448, 448* 
risk factors for, 448-449 
sonographic evaluation of, 450-451 

Vaginal bleeding
in abruptio placenta, 397 
in placenta previa, 401 
preterm birth and, 623 
in uterine inversion, 417 
with uterine rupture, 416 
in vasa previa, 405 

Vaginal branch, 1224.el2/
Vaginal canal, 1224.e8f  
Vaginal cancer, 1068-1069 
Vaginal clear cell adenocarcinoma, 84 
Vaginal delivery

for abnormal axial lie, 370 
and abruptio placenta, 400 
anesthesia for, 358-359 

local anesthesia, 358 
monitored care for, with sedation, 359 
pudendal nerve block, 358-359, 360/ 
spinal (subarachnoid) block, 359 

blood loss with, 44

Vaginal delivery (Continued)
for breech presentation, 376-381, 

377/378/ 
clinician in, training of, 382 
complication of, 381 
Crede maneuver, 379 
episiotomy, 377
hyperextension of fetal head during,

384
Mauriceau-Smellie-Veit maneuver, 379, 

379/
nuchal arm, trapped, 377, 378/
Pinard maneuver, 377-378, 378/379/ 
Piper forceps in, application of, 379, 

380/
rushed delivery, 377, 378/ 
of second twin, 385 
Zatuchni-Andros score, 381 

for compound presentation, 375-376 
for face presentation, 373 
as goal of induction process, 280 
history of, 289
instrumented, as genital tract laceration 

risk factors, 412 
maternal risks of, 429 
in multiple gestations

intrapartum management of twin, 
732-733, 733b 

time interval between deliveries and, 
733

no previous, as uterine rupture risk factor,
416

operative
complex procedures, 302

midpelvic cavity delivery, 302 
rotations greater than 45 degrees, 302 

counseling, 303-304 
fetal risks, 300-302

cephalohematoma, 300-301 
intracranial hemorrhage, 301 
neurologic and cognitive effects,

301-302 
subgaleal hemorrhage, 300-301 

forceps
anatomy of, 291, 292/ 
application of, stepwise approach to, 

293/
classic, 291, 292/ 294-297 
for delivery of aftercoming head of 

the breech, 292/ 294 
described, 291 
history of, 289 
Kielland, 297
for occiput anterior and occiput 

posterior positions, 294-297, 
296/

for occiput transverse positions, 297 
rotational, 292fi 293-294, 297-298 
sequential use of, with vacuum, 303 

incidence of, 304, 304/ 
instruments for

forceps, 291-294, 291/293/ 
vacuum extraction devices, 294, 

294/295/ 
maternal risks, 298-300 

fecal incontinence, 299-300 
perineal trauma, 299 
urinary incontinence, 299

Vaginal delivery (Continued)
morbidity associated with, 303* 
operative, 289-307 

benefits, 298 
classification of, 290-291 
forceps, 291-294 
indications of, 290-291 
instruments for, 291-294 
prerequisites of, 290-291, 291* 
vacuum extraction devices, 294, 

294/295/ 
residency training, 304-305, 304* 
sequential use of vacuum and forceps,

303 
trial of, 303
vacuum extraction devices 

described, 294 
placement of, 295/ 
and preterm fetus, 303 
sequential use with forceps, 303 
soft-cup, 294, 295/ 
stainless steel, 294 

rates of, 289-290
for shoulder dystocia, 387, 387/ 389/ 

Gaskin maneuver, 391 
McRoberts maneuver, 389, 390/ 
subcutaneous symphysiotomy for,

392
Woods corkscrew maneuver, 390-391 
Zavanelli maneuver, 391-392 

in sickle cell disease, 958 
spontaneous, 261-262 
tubal ligation after, 439 
in vulvar cancer, 1068 

Vaginal fluid
leakage with premature rupture of the 

membranes, 648 
pH of, 791 

Vaginal fornix, \224.Sf 
Vaginal hematoma, 414 
Vaginal microbiome, 60, 60/
Vaginal pessary, 609-610, 610/
Vaginal progesterone, in multiple gestations, 

725-726 
Valacyclovir, fetal effects of, 148 
Valproate

childbearing age and, 1038 
teratogenic effects of, 1032-1034 

Valproic acid
for bipolar disorder, 1158 
fetal effects of, 140 
spina bifida from use of, 139 
teratogenicity of, 137-138 

Valsartan, fetal effects of, 144 
Valvular disease, 809-814 

aortic regurgitation, 812 
aortic stenosis, 811-812 
mitral regurgitation, 811 
mitral stenosis, 809-811, 810/ 
prosthetic valves, 812-814 

Vancomycin
CA-MRSA (community-acquired

methicillin-resistant Staphylococcus 
aureus), 831 

for methicillin-resistant Staphylococcus 
aureus (MRSA), 1138 

for pelvic abscess, 1140 
Vanishing twin, 623, 711
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Varenicline, fetal effects of, 150 
Variability, in fetal heart rate monitoring,

319-322 
absent, 319-320, 320/ 
marked, 319-320, 321/ 
minimal, 319-320, 320/ 
moderate, 319-320, 321/ 
physiology of, 320-322 

Variants of uncertain significance (VOUS), 
197, 204, 1190 

Variceal banding, 1001-1002 
Variceal sclerotherapy, endoscopic, 

1001-1002 
Varicella virus, 1120-1121

clinical manifestations of, 1120-1121 
congenital infection of, 1121 
diagnosis of, 1121 
epidemiology of, 1120 
management during pregnancy, 1121 
vaccine, 1120
viral pneumonia and, 832-833, 832/ 
virology of, 1120 

Varicella zoster immune globulin (VZIG), 
1121

Vasa previa, 314, 405-406 
clinical manifestations, 405 
definition of, 405 
diagnosis of, 405 
incidence of, 405 
management, 405-406 
pathogenesis of, 405 
risk factors, 405 
ultrasound of, 174, 174/

Vascular disease, intrauterine growth 
restriction and, 740 

Vascular endothelial activation and 
inflammation, in preeclampsia,
666-667

Vascular endothelial growth factor (VEGF), 
495-496, 666 

Vascular malformations, 1051 
Vascular system

changes induced by pregnancy, 1076- 
1077, 10766 

uterine changes in preeclampsia, 666 
Vasculature, placental, 11-12 
Vasculopathy, maternal, 883-884 
Vasculosyncytial membranes, 12 
Vasectomy, 511 
Vasoconstriction, 966 

reversible cerebral, 1050 
Vasopressin, for septic shock, 1142 
Vasopressinase, 51 
Vegan diets, during pregnancy, 133 
Vegetarian diets, during pregnancy, 133 
Velamentous cord, insertion of, in vasa 

previa, 405 
Velocimetry, uterine artery, 626-627 
Venereal Disease Research Laboratories 

(VDRL) test, for syphilis detection, 
1094 

Venlafaxine
in breast milk, 1155# 
for depression, 1152 

Venous Doppler indices, 743#
Venous flow-velocity waveform, 750/ 
Venous pressure, maternal, 41 
Venous stasis, 553

Venous thromboembolism (VTE)
anticoagulation regimens for, 976, 976# 
as complication, of cesarean delivery,

439
definition of, 965
delivery and anesthesia concerns in,

976-977 
diagnosis of, 969-973 
inferior vena cava filters for, 976 
management of, 974-977 
obesity in, 560
perioperative prevention of, 974 
postpartum breastfeeding and, 977 
precesarean thromboprophylaxis, 430 
preconception counseling for, 974 
prophylactic anticoagulation

recommendations for, 975-976,
976#

risk factors for, 970# 
therapy for, 974-975 

coumarin for, 975 
fondaparinux, 974-975 
low-molecular-weight heparin, 974 
unfractionated heparin, 974 

Ventilation-perfusion scanning
versus computed tomographic pulmonary 

angiography, 971 
for pulmonary embolism, 971 

Ventricles, lateral, ultrasound of, 186,
186.(3/

Ventricular hypertrophy, 812 
Ventricular septal defect (VSD), 187, 814, 

814#, 187.(3/
Ventriculomegaly, ultrasound screening for,

186.<6/

Verapamil, in breast milk, 154
Veress needle, 554-555
Verrucous areolar hyperpigmentation,

1076
Vertebral hemangioma, 1069 
Vertex presentation, 251 
Vertex-nonvertex twins, delivery of, 731-732 
Vertex-vertex twins, delivery of, 731 
Verticomental diameter, 250/
Very low birthweight (VLBW)

after early pregnancy complications, 592
defined, 738-739
preterm infant and, 639
with in vitro fertilization pregnancies,

623
Very preterm delivery (VPTD), after early 

pregnancy complications, 592 
Very small for gestational age (VSGA),

738-739
Very-low-density lipoprotein (VLDL), in 

diabetes mellitus, 870-871 
Vesical plexus, 1224.fl4f  
Vesicoureteral reflux, 855, 188.e2 f 
Vesicouterine pouch, 1224.(9/
Vestibular bulb, 1224.(4/’ 

vessels to, 1224.e8/
Vestibular gland, greater, 1224.e8/
Vibrio fetus bacterin, abortion and, 586 
Vibroacoustic stimulation (VAS), 231-232, 

232/ 236-237 
and fetal status evaluation, 334 

Video capsule endoscopy (VCE), for 
gastrointestinal disorders, 1018

Video display terminals, 156 
Villi

intermediate, 9, 10/ 
stem, 3, 3/ 9 
surface area at term, 9 
terminal, 9, 10/

Villous hemochorial placenta, 3 
Villous membrane, integrity of, 11 
Villous trees, 3, 3/ 

topology of, 9 
Vinblastine, for Hodgkin lymphoma, 

1062-1063 
Vinca alkaloids, for cancer, 1059 
Vincristine

for Hodgkin lymphoma, 1062-1063 
for non-Hodgkin lymphoma, 1063 

Violence, in preconception health 
counseling, 109 

Viral infection, 1099-1129 
complications of, 1102# 
Coxsackievirus, 1125 
cytomegalovirus, 1118-1119 
diagnosis of, 1102#
Ebola, 1126-1127 
Epstein-Barr virus, 1125 
etiology of, 1102# 
hepatitis, 1121-1125 
herpesvirus, 1119-1120 
human immunodeficiency virus, 

1101-1113 
human papillomavirus, 1125 
influenza, 1113-1114 
measles, 1115-1116 
nonproductive infection and,

1100-1101 
parvovirus, 1114-1115 
rubella, 1116-1118 
smallpox, 1125-1126, 1125/ 
treatment/management of, 1102# 
varicella, 1120-1121 

Viral load
in hepatitis C virus (HCV), 1124 
human immunodeficiency virus (HIV), 

1104
Viral pneumonia, 831-834 

influenzavirus, 831-832 
varicella virus, 832-833, 832/ 

Virilizing ovarian tumors, 1068 
Vision, maternal, 59 
Vital capacity (VC), maternal, 47/ 
Vitamin(s)

normal values in pregnancy, 1217# 
supplementation, in bariatric surgery 

patients, 561 
supplementation guidelines, 127-132, 

128#-129# 
dietary reference intakes in, 127 
folate, 129-130 
vitamin A, 127 
vitamin B6, 129 
vitamin C, 129 
vitamin D, 127-129 
vitamin K, 129 

Vitamin A
deficiency of, 127 
fetal effects of, 142 
role in body, 127
supplementation guidelines for, 127

ak
us

he
r-li

b.r
u



Index 1295

Vitam in B6 (pyridoxine), 1019 
fetal effects of, 145
for nausea and vomiting o f pregnancy, 54, 

132
supplementation guidelines for, 129 

Vitam in B12 deficiency 
causes of, 955-956, 9566 
megaloblastic anemia and, 955 

Vitamin C
for preeclampsia prevention, 670 
for premature rupture o f the membrane 

prevention, 649 
role in body, 129
supplementation guidelines for, 129 

Vitamin D
deficiency, 58, 915 

and epilepsy, 1040 
fetal effects o f low maternal, 127 
in fetal endocrine manifestations o f 

placental insufficiency, 742 
maternal, 58 
serum levels of, 129 
supplementation

guidelines for, 127-129 
in hyperparathyroidism, 914 
in hypoparathyroidism, 914 
randomized controlled trials (RCTs), 

915
in undernourished fetus, 92 

Vitamin E, for preeclampsia prevention, 670 
Vitamin K

for coagulopathy, 419 
supplementation, for epilepsy, 1040 
supplementation guidelines for, 129 

Vitamin K-deficiency bleeding, o f neonates,
486-487 

Vitelline circulation, 29 
VLBW. S ee  Very low birthweight (VLBW) 
Volatile halogenated agent, in general 

anesthesia, 364 
Volume expansion, maternal for intrauterine 

growth restriction, 754 
Volume resuscitation, for postpartum 

hemorrhage, 419-420 
colloid solutions, 420 

Vomiting
o f pregnancy, 54, 132, 1000, 1019 
prenatal care and, 114-115 
as upper gastrointestinal symptoms, 1015, 

10156
von Willebrand cleaving enzyme, 949 
von Willebrand disease, 46, 507, 960-962 
VSD. S ee  Ventricular septal defect (VSD) 
VSGA. S ee  Very small for gestational age 

(VSGA)

Vulvar cancer, 1068-1069
Vulvar edema, in severe preeclampsia, 665f

Vulvar hematoma, 413-414, 41 4 /
Vulvar melanosis, 1076?

w
Wandering baseline, 328 
Wandering blade, 297 
Wandering method, 297 
Warfarin

in breast milk, 154 
fetal effects of, 143, 143/ 
for prosthetic valves, 813 

Warmer, radiant, 480-481 
Water

amniotic fluid index changes with 
hydration, 791, 791? 

channels, 19 
delivery in, 347-348 
intoxication, w ith oxytocin use, 276 
in neonatal nutrition, 481 
placental transport of, 19 

Weaning, 545-546 
Weight gain 

gestational, 39
in obese women, 901-903, 902? 
recommendations in, 39? 

maternal
in diabetes mellitus, 871 
excessive, during pregnancy, 122 
in multifetal pregnancy, 723-724,

724?
prolonged second stage o f labor and, 

261
recommendations for, 123-124, 124? 

for adolescents, 124-125 
w ith low or underweight

preconception BM I, 124 
for multiple gestations, 124, 125? 
w ith overweight and obese

prepregnancy BM I, 124, 125? 
in preconception health counseling,

106
Weight loss

obesity and, 560-561 
postpartum, 501-502 

Weiner, Alexander, 773 
Well-woman visits, components of,

103-105, 104/ 117-118 
Western blot, for human immunodeficiency 

virus (H IV ), 1101 
White, Priscilla, 875 
White blood cell (WBC) count 

in acute leukemia, 1063-1064 
maternal, 45

Whole-genome amplification (WGA),
215

Wilson disease, 1005 
Women’s rights, 1200-1201 
Woods corkscrew maneuver, for shoulder 

dystocia, 390-391 
Work overseas, practical advice on 

volunteering to, 1207-1209 
health care staff, 1208-1209 
predeparture preparation of, 1209 
realism, 1208 
research, 1209 
respect, 1208 

World Health Organization (W HO ) 
in preterm birth frequency data, 616 
sexually transmitted disease data, 

1089-1090 
Wound infection

after cesarean delivery, 1139-1140 
as complication, o f cesarean delivery, 

438-439, 43 8 / 
endometritis, 1139

X
X-ray pelvimetry, average and critical lim it 

values for pelvic measures by, 252?

Y
Yale-New Haven Hospital, 1178 
Yolk sac

absorptive role of, 12 
development of, 5 
secondary, 5

physiology of, 12-13 
secretion o f alpha-fetoprotein (AFP),

12
transfer proteins of, 12-13 
ultrasound of, 168-169, 168/

z
Zatuchni-Andros score, 381, 381? 
Zavanelli maneuver, for shoulder dystocia, 

391-392
Zidovudine (ZDV), fetal effects of, 148 
Zinc

deficiency, acrodermatitis enteropathica 
from, 1081 

supplementation guidelines for, 131 
Ziprasidone, for schizophrenia,

1164-1165 
Zolpidem, for sleep problems, 49 
Zoom, in ultrasound, 163, 163/
Zygosity, in multiple gestations, 707-708

Whole blood, for postpartum hemorrhage,
420
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